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Acanthostega, 214–15
acoel flatworms, 78–9
acorn worms, 160
adaptation, 185, 262–73
adaptationist programme, 277
adaptive radiation, 183, 264
aestivation, 286
agnathans, 205
agnosticism, 9, 317
Aguinaldo, Anna Marie, 144, 179
algae, 5, 17, 23, 35
alleles, 227
ammonites, 117–18
Amniota, 216
amniotic egg, 216–17
amphibians, 214, 217
amphioxus, 42
amphisbaenians, 275
amphistomy, 162
animal kingdom
age of, 30, 32
origin of, 4

animals
definition of, 2–7, 296
in space, 289
phyla, 319

Annelida, 81, 144, 177, 292
Anomalocaris, 37–8
antifreeze proteins, 287
anus, 57, 158, 184
apes, 67
Apis mellifera, 254–5
apoptosis, 131
arachnids, 137
Archaeopteryx, 28
armadillos, 275
Arthropoda, 135, 160, 177, 187
arthropodization, 44
artificial selection, 260
Asher, Robert, 9, 279
asteroids, 150–1
atheism, 9, 317
Australopithecus, 243–4
Azevedo, Ricardo, 274

bacteria, 5, 10, 292
balancing selection, 249
Bateson, William, 198
bats, 217
beard-worms, 290
bees, 254
beetles, 10
behaviour, 121, 296, 311
Beldade, Patricia, 229
Big Bang, 13, 305
Bilateria, 159
biochemical evolution, 16
biodiversity, 64
biogenetic law, 174
birds, 153, 217
Biston betularia, 264–5
bithorax, 199, 260
bivalves, 114
black smokers, 291
blastocyst, 127
blastoderm, 127
blastula, 127
blending inheritance, 222
body axis, 65, 101
body length, 188, 225, 274
body shape, 219
body size, 94, 233, 259, 275
bone, 205
Bonner, John Tyler, 6
bonobos, 74
bony fishes, 204
brains, 64, 93, 121, 241, 246, 308–9
size, 242, 244

Brakefield, Paul, 229
branchiurans, 239
Brenner, Sydney, 100
Briggs, Derek, 37
Buddhism, 7
Burgess Shale, 37, 42
Butterfield, Nicholas, 17
butterflies, 132, 229–30, 266–7

cadherin, 20
Caenorhabditis elegans, 99, 103
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Cambrian explosion, 35–44
Cambrian period, 35, 82, 142
camels, 214
carapace, 237
carapacial ridge, 238
carbon chauvinism, 295
Carroll, Sean, 195
cartilage, 205
cartilaginous fishes, 204
Cassini satellite, 241
caterpillars, 132
cell differentiation, 129
cell division, 102–3
cell-types, 105, 110
Cenozoic era, 149
centipedes, 109–10, 140, 143, 234–5, 257, 283
Cepaea, 48–9
cephalochordates, 201
cephalopods, 114
cerebral cortex, 246
cetaceans, 218
character state, 70, 72
Chelicerata, 137, 140
Chelonia, 236, 252
chemosynthesis, 292
Chengjiang, 37
Chicxulub crater, 150–1
chimps, 67, 74, 241
Chipman, Ariel, 82
choanoflagellates, 20, 293
Chordata, 41, 96, 159, 269
chromosomes, 190
Clack, Jennifer, 214
clade, 152, 156, 262
cladogram, 68, 152
Clark, R. B., 81, 178
Clarke, Bryan, 50
cleavage, 125–6, 162
cloning of animals, 130
Cnidaria, 56–66
cnidocyte, 57
coadaptation, 272, 281
Coates, Michael, 214
coelacanth, 153–4, 206
coelom, 178–9
complexity, 78, 104–12
definition of, 104

consciousness, 305, 311
convergent evolution, 63, 116, 122, 141, 253,

256
Conway Morris, Simon, 37, 42
Copernicus, Nicolaus, 106
coral, 63

correlated characters, 229
correlation of growth, 228
Couso, Juan-Pablo, 82
co-variation of characters, 230
creation scientist, 53
Crick, Francis, 312, 315
crocodiles, 151
Crustacea, 137, 187
cryptobiosis, 289
Curiosity rover, 299–300
cuttlefish, 117
Cuvier, George, 92

Daphnia, 253–4
Darwin, Charles, 45, 47, 55, 94, 166, 168, 222,

228, 247, 312
Darwin’s finches, 228, 264
Dawkins, Richard, 9, 246, 284, 315
deer, 214
deuterostomes, 156–65
development, 123–34
definition of, 22
determinate, 101
direct, 132, 168
indeterminate, 101
indirect, 132

developmental bias, 276, 281
developmental constraint, 276
developmental trajectory, 123, 226
Devonian period, 142
dextrality, 89
dinosaurs, 29, 150, 153
disparity, 187
diversity, 187
DNA, 189–90, 296–7
sequences, 31, 179
structure, 188

dogs, 310–11
Dolly the Sheep, 130
dolphins, 218, 266
domains of life, 4–5, 285
dragons, 11, 276
Drake equation, 301
Drosophila melanogaster, 195, 198, 259, 282
Duboule, Denis, 171
dugongs, 218
duplication, gene, 209

Ecdysozoa, 145, 182
Echinodermata, 90, 92, 160, 310
ectoderm, 129
Ediacaran biota, 17–18
Ediacaran period, 17, 83
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egg-timer, developmental, 171
embryo, 166–76, 281
Enceladus, 300
endoderm, 129
epigenesis, 124
equiangular spiral, 114
Erwin, Douglas, 270
Eukaryota (or Eukarya), 4–5
eukaryotic cells, 4, 16
origin of, 16

Europa, 300
eusociality, 256
evo-devo, 55, 227
evolutionary novelties, 208, 232–40, 272
exaptation, 215, 269, 272
exoplanets, 298, 301–2
exoskeleton, 26, 135–45
extinction, 146–55
global, 147
local, 147

extraterrestrial life, 295–304
extremophiles, 285–94, 301
eye, 122

Fabricius, Hieronymus, 133, 166
feathers, 239
fins, 204, 206, 219
fin-to-limb transition, 212
Fisher, R. A., 224
fitness, 45, 48
flatworms, 78
flies, 109–10
flowers, 84
fluctuating asymmetry, 86
Fortey, Richard, 34
fossilization
likelihood of, 25

frogs, 130
fungi, 6

Galapagos archipelago, 264
galaxy, 14, 107, 301
Galis, Frietson, 281
ganglion, 309
gastrulation, 127–8, 158–9, 161
Gehring, Walter, 198
generation time, 101
genes, 188–200
developmental, 190
housekeeping, 190
regulatory, 191

genetic code, 192
genetic drift, 261

genome, 105, 165, 195
genome duplications, 210
genotype, 225
Geoffroy Saint-Hilaire, Etienne, 162
geographic isolation, 46
geological timescale, 22, 319
Geospiza fuliginosa, 228
Geospiza magnirostris, 228
germ-band, 172
ghost lineages, 31
gibbons, 67, 148
Gilbert, Scott, 238
gills, 114, 138, 172, 208, 220, 269
gill arches, 209
gill slit, 175

gill-to-lung transition, 212
giraffes, 279
Gnathostomata, 269
Goldilocks zone, 302
Goldschmidt, Richard, 282
gorillas, 67, 74, 109
Gould, Stephen Jay, 10, 37, 42, 187, 276
gradualism, 282
Grant, Peter, 264
Grant, Rosemary, 264
Grobben, Karl, 158
growth
allometric, 132
isometric, 132

growth form
cnidarian, 57

Gurdon, John, 130

habitable zone, 304
Haeckel, Ernst, 124, 173
haemoglobin, 73, 248, 287
hagfish, 203, 205
Haldane, J. B. S., 10, 278, 316
Hallucigenia, 39
heads, 64, 85–93, 208, 309
hedgehog (gene), 195–6
hedgehog gene family, 195
Hejnol, Andreas, 162
Hemichordata, 160
Hennig, Willi, 62, 72
heritability, 251
heterotopy, 236
homeobox, 199
homeodomain, 200
homeosis, 198
homeotic genes, 198
homeotic mutation, 198, 282
homeotic transformation, 198, 260
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Hominidae, 243
Homo erectus, 243–4
Homo habilis, 243–4
Homo sapiens, 243
homology, 262–3, 271
homunculus, 125
honeybees, 254–5
hoofed mammals, 213
horses, 213
horseshoe crabs, 147
hourglass, developmental, 171
Hox genes, 101, 200, 209, 211
Hoyle, Fred, 305
human evolution, 241–50
human genome, 105
humans, 67, 109
Huxley, Thomas Henry, 9, 317
Huygens lander, 241–2
hybridization, 46, 51
hydrothermal vent, 291
Hymenoptera, 254

icefish, 287
igneous rock, 27
inheritance, 222–31
Insecta, 137, 187
intelligence, 92, 120, 241–2, 296, 305, 311
intelligent design, 106
intron, 179, 192
iridium, 150

jaws, 203, 208, 268–9
jellyfish, 56–66, 109, 307
Jupiter, 299
Jurassic period, 35

Kaufman, Thomas, 198, 283
King, Nicole, 21
kingdoms, 4–5
Koestler, Arthur, 305
Konservat-Lagerstätten, 28, 37

lampreys, 203, 205
lancelets, 42, 201
language, 246
larvae, 60, 139, 167, 177–86
last common ancestor
(LCA), 56, 111, 164

last universal common ancestor (LUCA), 15,
166

laws
in biology, 169

lemurs, 148
Lepidoptera, 266
Leroi, Armand, 270
Lewis, Ed, 198
Lewontin, Richard, 46, 276
life
definition of, 15

life-cycle, 6, 59–60, 139
liger, 51
limb-bud, 281
Linnaeus, Carl, 3, 94
Littlewood, Tim, 162
lobe-finned fishes, 206
lobopod, 40
locus, 227
lophophore, 178, 182
Lophotrochozoa, 182
LUCA (last universal common ancestor), 15,

166
lungs, 114, 138, 220

macroevolution, 270
macromutation, 284
malaria, 249
mammals, 1, 214
manatees, 218
Mantis religiosa, 137
Marinoan glaciation, 17
Mars, 299
Martindale, Mark, 162
mass extinction, 149
McGhee, George, 12
McGinnis, Bill, 188, 197
medusa form, 58
megaevolution, 270
Mendel, Gregor, 222
mesoderm, 129
Mesozoic era, 149
metamorphic rock, 27
metamorphosis, 132, 161
Metazoa, 178
mice, 232–3
microclimate, 286
microevolution, 270
microhabitat, 286
micromutation, 284
micro-RNAs, 105
Milky Way galaxy, 302
millipedes, 75, 140
Minelli, Alessandro, 145
model animals, 133
model system, 100
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modularity, 281
modules, 281
molecular clock, 30, 32
Mollusca, 114, 160, 177
monophyletic group, 7, 74, 91, 262
morphogenesis, 131
moths, 266
moulting, 144, 178–9
mouse, 232–3
mouth, 57, 157, 182, 184
Murinae, 232–3
muscle, 131, 135
mutation, 261, 274, 282, 284
Myriapoda, 137, 140

natural selection, 45–55, 108, 172, 248, 274,
278, 281

apostatic, 50
balancing, 49
directional, 49

nauplius larvae, 139
nautiloids, 119
Nautilus, 119
neck length, 278
neck vertebrae, 279–80
Nematoda, 97, 144, 177
Neo-Darwinism, 277
nervous system, 61, 64, 110, 121, 162, 305–7
neural crest, 163, 208, 232
neural plate, 163
neuron, 307
neurulation, 129, 162–3
niche, 155
Nielsen, Claus, 76
notochord, 40, 42, 202
nudibranchs, 116–17
Nüsslein-Volhard, Christiane, 195

Occam’s razor, 70, 79, 142
octopus, 113–22
Octopus vulgaris, 120
orang-utans, 67
organ primordia, 281
organismic integration, 281
organogenesis, 129
outgroup, 72
Owen, Richard, 262

Palaeozoic era, 149
Panarthropoda, 144
Panchen, Alec, 214
Pancrustacea, 140

paraphyletic group, 153, 204
parrots, 279
parsimony, 70
particulate inheritance, 223
pattern formation, 131
Pax gene family, 200
penis-worms, 98
Penrose, Roger, 316
pentadactyl limb, 213
peppered moth, 264
Peterson, Kevin, 105
pharyngula, 172
phenotype, 224
phyla, number of, 95, 177, 321
phylotypic stage, 172–3, 282
Pikaia, 40–1
pinnipeds, 218
placoderms, 205, 275
Placozoa, 157–8
planets, 297, 299
formation, 15

plants, 5
plasticity, developmental, 261
plastron, 237
Platyhelminthes, 78–9
plesiosaurs, 221
polychaete worms, 115
polymorphism, 48–9, 251
polyp, 58
polyphenism, 251, 254
population density, 259
praying mantis, 136
predators, 50, 65, 253, 264
preformationism, 124–5
Priapulida, 97
prokaryotic cell, 4, 16
proto-planetary disc, 15
protostomes, 156–65
Protozoa, 178
pterosaurs, 11, 218

quantitative genetics, 227
quantitative trait loci (QTL), 226

Radiata, 92
radiometric dating, 30
Raff, Rudolf, 167, 283
range, geographic, 146
rats, 232–3
ray-finned fishes, 206
recapitulation, 173, 220, 245, 306
redshift, 14
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reflex reaction, 308
reproductive isolation, 45
reptiles, 153
reversibility of evolution, 271
rhinoceros, 213
ribosomes, 181
Richardson, Michael, 173
RNA, 181, 192, 297
Robert, Jason Scott, 124
rock, types of, 27
roundworms, 97, 99, 102
Ryle, Gilbert, 305

saltation, 282
Sander, Klaus, 172
Saturn, 299
scale, natural, 9
scale-dependence, 183, 270
scale-independence, 53, 270
Scott, Matt, 188, 198
sea anemones, 59
sea cows, 218
sea-squirts, 201–2
sea urchins, 167–8
search image, 50
sedimentary rock, 27
segmentation, 80–1, 178–9, 257
Seilacher, Dolph, 19
SETI (Search for Extraterrestrial Intelligence),

301
sex determination, 251
sexual reproduction, 21
shell coiling, 89, 283
Shubin, Neil, 207
Siboglinidae, 290
sickle-cell anaemia, 248
signalling pathway, 192, 194
Silurian period, 142
Simonetta, Alberto, 43
Simpson, G. G., 274
sinistrality, 89
Sirenia, 218
Sirius Passet, 37
skinks, 275
slime moulds, 7, 297
slow-worms, 96–7
slugs, 89
snails, 49, 89, 109, 283, 286
snakes, 88
solar system, 14, 107
sonic hedgehog (gene), 197
soul, 7, 312, 317

speciation, 45–55
spiritualism, 247, 314
sponges, 8, 20, 61, 109, 306
Spriggina, 83
squamates, 275
squid, 117
squirrels, 147
standing variation, 240
starfish, 90–1, 109
stress, 87
Strigamia maritima, 257
stromatolites, 19
swans, 279
symmetry, 64, 77, 84–93
bilateral, 65
pentaradial, 91
radial, 65

syncytium, 102, 127, 296–7

tadpoles, 130
tape of life, 10
Tardigrada, 288
taxon, 95
taxon sampling, 161, 164
taxonomy, 95
Taylor, Stuart Ross, 302
Telford, Max, 162
temperature, 87, 252, 257, 285, 288, 292,

299
termites, 256
tetrapod limbs, 275
Tetrapoda, 91, 217
theism, 9, 317
Thompson, D’Arcy, 53–4
Thomson, Keith, 153
tinkering, 172
Titan, 241–2
tool use, 121
toolkit for animal development, 187–200
tortoises, 236, 252
trace fossils, 26
transcription, 192
translation, 192
tree, evolutionary, 67–76, 105, 107
trilobites, 26
trochophore larvae, 115, 178–9
tunicates, 42
turtles, 236–7, 252, 275

Universe, 13
urbilaterian, 65, 77–84, 164, 184
urochordates, 201
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variation, 21, 222–31, 274
velvet worms, 40
Vendian period, 19
Vendobionta, 19
venom, 235
Vertebrata, 41, 96, 201–11, 269
viruses, 297
vitalism, 314
von Baer, Karl, 124, 169, 173

Waddington, C. H., 260
Walcott, Charles Doolittle, 43
Wallace, Alfred Russel, 46, 229, 247, 277, 312

Wallace effect, 46, 52
water-bears, 288
water fleas, 253–4
whales, 218
Whittington, Harry, 37–8,

42–3
Whyte, Lancelot Law, 281
Wieschaus, Eric, 195
woodlice, 137
worm, 94–103
Wray, Gregory, 31

zygote, 125
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