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metamorphosis, 5, 15-19, 26, 28-29, 34-37, 66,
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Why has beak shape been so evolvable in birds? oscillator clocks, 11, 81-85, 120

152 Oudeman’s Principle, 49, 58
Why has leg loss been so common in squamates? Owen, Richard, 153

92,152
Why has pupil shape been so malleable in felids?  painted wolf, 113

152 paradigms, 85, 99, 127

Why has tusk shape been so evolvable in
proboscideans? 152

Why was gigantism so common in dinosaur
clades? 152

paranotal lobes, 70-74

pattern formation. See also models and morphogens
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boundary-sharpening, 103
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butterfly wings, 4649, 56-57, 60
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chemical wavelength, 100-101, 138
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fine-tuning, 46
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meristic series, 55, 69, 85, 151, 153, 155

natural selection, 5, 32, 70, 76, 77, 83, 119, 126,
133, 140, 149, 151, 156

nematodes, 11, 152

neural crest, 95, 103, 119, 122

Nijhout, Fred, 47, 51

octopus, 95, 131, 140, 150-155
okapi, 107, 109, 126
onychophorans, 69—-70

origins. See also evolution

of beetle elytra, 15, 129

of beetle horns, 118, 151, 155

of bilaterian eyes, 7-10

of five-fold symmetry in echinoderms, 122-123
of infrared detectors, 92

of insect metamorphosis, 66

of insect wings, 70-74

of the bee’s pollen basket, 117-118

of the bird’s beak, 119

of the camel’s hump, 119-120

of the chordate’s mouth, 4-5

of the cobra’s hood, 92

of the duck’s bill, 121-122

of the firefly’s flashlight, 124

of the flamingo’s baleen, 151

of the fly’s genital rotation module, 38-39
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of the remora’s sucker, 134
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of the swordtail’s sword, 137-138
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of the turtle’s breathing apparatus, 140
of the turtle’s shell, 140

of the vertebrate’s jaw, 11, 152

of the whale’s baleen, 151

of the zebu’s dewlap, 146

paradoxes, 105, 141
periodicity, 97, 104105
polygonal tiling, 98, 100, 111
precise vs. variable, 46, 5657, 83, 98—-100,
120-121
prepatterns, 101, 104
ripple motif, 57, 99, 100
scalability, 27, 100-103, 106-109, 149
splotches, 107, 111
spot patterns. See spots
stripe patterns. See stripes
wave mechanisms, 109-111, 112
zigzags, 57, 99
pedomorphosis, 152
pentamery. See symmetry
phenocopy, 21, 122
phenogenetic drift, 69, 155
phenotypic plasticity, 152
pheromones, 25, 90
phylogenetic trees, 5, 36-39, 58-59, 78, 96-97,
124
phylotypic stage, 150
platypus, 93, 122
pleiotropy, 60, 152, 156
polydactyly, 123, 138
praying mantises as centaurs, 25
preadaptation, 77, 90, 119, 138, 155
primates, 95-97, 141
proneural clusters, 44—45
protochordates, 3, 5—-6
protostomes, 1-3, 6, 8
pterosaurs, 70, 119, 123, 127, 132, 144, 151
pupil shapes, 86, 113, 152
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recapitulation, 5, 11, 155 Squamates (snakes and lizards), 78, 79, 90, 92, 152
recombination hotspots, 152 St. Hilaire, Geoffroy, 1
regeneration, 26, 103, 121, 131 Strepsipterans, 15
resegmentation, 11 stripes
runaway selection, 136, 150, 155 angelfish, 100-103
butterfly wing, 49, 51, 56-58
salamander, 1, 77, 131, 152, 156 clouded leopard, 113
Schwanwitsch, Boris, 5052 fly embryo, 17, 52
sea urchin, 5, 122-123, 152 intercalation during growth, 101-103, 106107,
segmentation, 11, 69, 84-85 139
selection. See artificial, natural, runaway, and king cheetah, 107, 110-111
sexual selection labyrinthine, 103
sensilla, 22-23, 4346 mammal palate, 138—139
sexual dimorphisms, 24-34, 119, 129-130, mammal tail, 98
137-138, 152 mouse waves, 109—111
sexual selection, 34, 126, 130, 136-138, 149, 154 okapi, 107-109
signaling pathways, 7, 8, 12—13, 47, 109, 122, 143, proneural (bristle), 26, 31
145, 150 skunk, 124
situs inversus, 3941 squirrel, 108-109
snakes, 11, 75-93 tiger, 97-98, 100
ability to follow scent trails, 89-90 Turing simulation, 100
atrophy of visual system, 85-87, 89 zebra, 97, 98, 100, 106-107
elongation of the spine, 81-83 zebrafish, 102-103, 106
fangs, 91-93 zigzag (snake), 98-99
forked tongue, 86-91 symmetry
fossils, 75-77 bilateral, 4-5, 11-13
fossorial adaptations, 76 biradial, 11
gigantic, 83 mirror, 1, 11-13, 26, 27, 32-34, 50-51, 98-99,
loss of legs, 75-76, 81 100
modes of locomotion, 76 pentameric, 122123
number of vertebrae, 81, 84-85 radial, 11, 122123
oscillator clock, 81-85
pigment vs. scale lattice, 99 take-home lessons, 6, 24, 33, 34, 37, 46, 60, 61, 69,
reliance on taste, 8991 89, 114
resemblance to eels, 77, 93 Thompson, D’Arcy, 121, 134, 149
tickling spurs as hindleg vestiges, 76, 77, 156 toolkit, 7, 32, 61, 133, 144, 150
venoms, 92-93, 151 transcription factors, 7-10, 12—13, 47, 54-55, 57
vomeronasal organ, 86-87, 89, 90 transposons, 79, 152
vs. legless lizards, 77-79, 86-87, 90 Turing, Alan, 97, 151, 154
zigzag stripes, 98-99 tyrannosaurus, 77, 81
Snodgrass, Robert, 65, 66, 68
spandrels, 47, 112, 155, 156 urbilaterian, 1-13
spots bilateral symmetry, 4-5, 11-13
butterfly wing, 41, 4663 fossils, 7
cheetah, 98, 107-111 Hox Complex, 2-3
fly wing, 47, 97 reconstruction by triangulation, 7
horse breeds, 107-109 simple vs. complex, 10-11
insect elytra, 99 toolkit, 7
intercalation during growth, 107-111 use it or lose it, 7577, 85, 89, 116, 143, 156
jaguar, 98, 100
leopard, 98 vertebrates, 1-3
mutant zebra, 107-109 vestiges, 49, 70, 75, 76, 78, 79, 115-116, 124, 127,
mutant zebrafish, 105 128, 130, 143, 156
squirrel, 108-109
Turing simulation, 100 weird animals
spot—stripe equivalence, 107-111 clouded leopard, 111, 113
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eight-legged insects, 70 spotted zebras, 107-109
four-legged butterflies, 49 striped cheetahs, 107-111
four-winged birds, 117 white tigers, 139
naked-back bats, 117 zorse and zonkey hybrids, 133
quck and duail chimeras, 122 Williston’s Law, 55, 69, 153, 155
rainbow-faced mandrill, 95-97 Wolpert, Lewis, 13, 20, 99, 154
scarless mice, 131
six-winged dragonflies, 74 zebra, 100, 106-109
snake-ribbed mice, 81-83 zebrafish. See stripes
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