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Acetabularia, xvi, 7, 15, 19, 24, 62, 238,
299-309, 312, 325, 327-8, 334-7

action at a distance, 31, 97

activator (see also morphogen), 37-45, 268,
323

Acton, A. B., xv

adhesion: differential, 113, 118-28; hetero-
philic, 122-3; homophilic, 122-3

aging, cell surface, 312-14

Ambystoma, see axolotl

ammonia, as morphogen, 324-6

Amphioxus, 95

amplifier, 24-7, 37, 134, 154-6, 167-9,
321-3

Anabaena, 68-71, 74, 281

Arabidopsis, 300

Aristotle, 28, 89, 93, 146, 173

asymmetry, 167-72

atomic theory, 21-2; Dalton’s, 298

autocatalysis, 38, 58-9, 134, 169, 257, 296,
323-4

automata, cellular, 28, 68-9, 153

auxin, 296-7

Avogadro’s Law, 14

axolotl, 115, 119, 124, 323, 328-31

Azolla, 7280, 109

Belousov—-Zhabotinski reaction, xvii, 332

Berthollet, 298

bicoid, 316, 318, 320

bifurcation, 201--3, 207

binaphthyl, xiii

blastoderm, 15, 61, 83, 129, 281, 315-22

blastula, 146-8

Boltzmann, L., 8, 22-4, 299

boundary conditions: Dirichlet, 62, 69, 78;
no-flux (Neumann), 61-2, 78

brusselator, 53, 82, 186-7, 191, 198, 234,
243-6, 248, 258-9, 265-83, 309, 312
14, 323, 328

bubble raft, 133

Caenorhabditis, 94-5, 119
calcite, 106-8

calcium, 7, 96, 134-6, 254, 303-7, 325-6

calculus, necessity for, 9, 173-5, 209

¢AMP, cyclic adenosine monophosphate,
324-5

Cannizzaro, S., 14

cardiac-lethal, axolotl, mutant, 330-1

catastrophe theory, 205-8

causes, 155-6; efficient, 89, 93; etiology,
90, 93

cell; division, 67-80, 108-11; as molecule,
in theories, 21, 26, 110-19, 136, 141,
255

cellular automata, see automata, cellular

Chaetomorpha, 69-71

Chain reactions, balanced, 265-7

chalones, 46-7

chaos, 24-7, 148

chemotaxis, 119

Cheshire Cat, sine wave pattern fading by
diffusion, 175-7, 181-2, 225-6

chick: cells, embryonic, sorting, 112-13,
120-2; feather follicles (see also hex-
agonal patterns), 112

chirality (see also hyperchirality; optical res-
olution), xiii, 154-72, 261-3, 283-91

chlorotetracycline, 304, 307

classifications: of developmental theories,
252-6; of reaction-diffusion models,
256-63

collagen, 116, 149

concanavalin A, 289, 306

contractile processes, 96

Cosmarium, 311

Cotton effect, 170

counter-intuitive properties, 186, 229, 323-4

Crick, F., 23

crystal growth, 101-8, 21011

cubic equations, 206-8

Cymopolia, 308

cytoskeleton (see also microtubules), 129,
306

dead reckoning, in navigation and surveying,
see traverse, open
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’

“death dominates,’
processes, 197

depletion models, see also brusselator, 258

desmids, see also Micrasterias, 310-14

dichotomous branching, 310-14

Dictyostelium, 15, 61, 113-14, 119, 238,
240, 262, 323-5, 334-7

differential equations: introduction to, 175-
83; partial, 178-9

diffusion: in Belousov—Zhabotinski reaction,
332, of a boundary, 163; of cells, 113,
136; as communication, xviii, 40, 136,
318-22; diffusion-limited aggregation,
27, diffusivity, 94, 179; diffusivity ratio,
235-43; equations, Fick’s Law, 178-9,
212; first use in equations for pattern
formation, 253; in nonlinear models,
264-97; in reaction-diffusion models,
classification, 252-63; in reaction-diffu-
sion models, introduction, 188-90; in
Turing’s model, 223-9; and wavelength,
36, 50-3, 232-3, 302

DIF-1, as morphogen, 324-6

dislocations in crystals, 94-5, 133

dissipative structure, 196, 332

DNA, 117, 322

double-abdomen deformity, 82—4

Drosophila: gene-classes, 315-17; imaginal
discs, 238; segmentation, 11, 15, 19-20,
56, 262, 279, 281-2, 293, 302, 314-23,
334-7

importance of removal

Echinoderms, 95, 106-8

Einstein, A., 22, 156, 170

electro-osmosis, 99-100

enantiomers (see also optical resolution),
155, 158, 167, 285

endoderm, 328-31

engrailed, 282, 317

engulfment experiments, tissues in vitro,
118-23

entities, esp. a pattern as an entity, 19, 181—
3, 225, 229, 279, 301

entropy, 23, 26, 94, 122, 148, 169, 198-201

epithelia: axolot! embryo, 328-31; develop-
ment, in classification of theories, 254;
in glandular development, 116-17;
mechanochemical model for deformation
of, 134-7; vertebrate skin, 294-5

equilibrium, 91-2, 118-23, 255; approach
to versus departure from, 98, 101, 113,
118--23; shapes of crystals, 102-4

errors, 152-3, 166

Euastrum, 311

even-skipped, 316-7

exponential growth, 189-90, 209, 231-2,
241, 252

feedback, esp. positive feedback loops, 37,
169, 257-8, 307-9, 312-14, 317, 323

Fick’s Law, 179

field: diversity of meaning, 96-7; physical,
e.g., electrical, 74, 96-7; of science,
xviii—xix; theory, 97, 206

filamentary organisms, 67-74

filopodium, 130, 133

flatland, 288-9

fluctuations, see also noise, 160-1, 225

flux, autocatalytic, 2967

Flying Dutchman, opera, as an analogy, 30

fractals, 27

Frank, F. C., 104, 166

free energy, 35-6, 92, 97, 103-4, 108-9,
121, 130, 255

fushi tarazu, 316-17

gambling, 161-3

gap junctions, 281

gastrulation: echinoderms, 115, 119, 134-7;
nematodes, 94--5, 112, 115, 119

Gedanken experiment, 170-2

genetic code, 167

Gierer—Meinhardt model, 32, 38, 50, 58-9,
63, 67, 71, 80-8, 183, 259-60, 279-81,
291-4, 325, 330-1

gland, mouse submandibular, salivary, 116—
17, 119

governor, on engine, analogy, 227-9

gradients, 20, 33-7, 71, 81, 84-8, 115,
150, 272-5, 277, 315, 317-23; of adhe-
sion, 115, 123-8

Green, B. R., xvi

Green, P. B., xvi, 8, 11

hairy, 317, 321

Harvey, W., 17

heart formation, axolotl, 328-31
Heisenberg, W., 23, 25

hexagonal patterns, 56—7, 149, 279-81
hierarchies, 118-21, 307-9, 314-20
homeosis, 317

homunculus, 37

hormone, 33, 46

Hoyle, F., 6

hunchback, 316, 319-20

Hydra, 15, 58, 71, 84-8, 292, 323
hyperchirality, 55, 261-3, 283-91, 312, 322

IAA, indole-3-yl acetic acid, see auxin

induction: endoderm-to-mesoderm, 328-31;
homeogenetic, 262

inhibitor (see also morphogen; nonlinearity;
Turing, A. M.), 4655, 256, 268, 292, 330

int-1, 317

invagination, 254

Joule, J. P., 14

Kepler, J., essay on the snowflake, 102
kinase, protein, 307
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kinetic theory of pattern: advances in, 323;
in classification of developmental theo-
ries, 254; definition, 92-3, 100-1; op-
position to, 315; scope, 252-5

knirps, 316, 321

Kriippel, 316, 319-21

Lacalli, T. C., xiii—xv, 9-10

Lachner, F., conductor, in musical analogy,
30

Lavoisier, A. L., 18-19

Liebig, J. von, first to recognize proteins,
322

linearization, 184-6, 258, 270-1

liverwort, 152-3

localization of pattern-forming region, 272-5

Lophocolea, 153

Mach, Emst, 8, 22

macroscopics, 1, 8

Malthus, J., 90

mathematics in biology, 3-4, 247-9
Maxwell distribution, 25

Mayer, J. R., 14

measuring versus counting, 56-7, 334-7
mechanical force, 92, 94-6, 114, 128, 133-

7, 314

mechanochemistry, 946, 115, 133-7, 254,
331

mesenchyme, 96, 108, 112, 116-19, 136,
138

mesoderm, 328-31

Michaelis-Menten equation, 295, 306

Micrasterias, Xiii, xv, 15, 62, 149-50, 287,
310-14

microfilaments, 129

microtubules, 72-3, 110-11, 129, 333

Mills, W. H., mechanism for optical resolu-
tion, 39, 85, 155, 157-8, 166, 191, 264

model, meaning of the word, 247-9

Moelwyn-Hughes, E. A., 13

Moore, Walter J., 14, 22

morphogen, 31-55, 189, 305-7; precursors,
268--9, 275-8, 305-7, 334; type I
(Wolpert), 32—7, 315, 318; type II (Tur-
ing), 32, 47-55, 188-9, 214, 223-46,
315, 318; variables A, H, U, V, X, Y,
58-9, 223-4, 268-9

moss, 109

motion, as ultimate reality, 28-30, 89, 172

Murray, J. D., 294-5

nanos, 318

Needham, J., 9

noise {see also fluctuations), 43—4, 320-1

nonlinearity, 50, 58, 63—4, 185-6, 248,
252-6, 259, 264-97

Ockham, William of (and Ockham’s razor),
31, 38, 90, 276

Index 353

ocular dominance, 290-1

optical resolution, xiii, 38—45, 143, 154-72,
187-8, 192-203, 254

oregonator, 254, 332

oscillations, see waves

oskar, 318

paradigms (see also preconceptions), xiv, 7,
12-13, 15, 17-18, 21, 28-30; paradigm
shift, xvi

Paramecium, 284

parameter space, 213—14, 235-45, 273-5

parity, 155

Pasteur, L., 155, 169

Perrin, 22

phase plane, 213-14

phlogiston theory, 18-19

phosphorylation, 307

phylogeny, 308

Pincock, R. E., xiii-xiv

polar furrow, 109, 130

polarity, 37, 61, 69-70, 168-9

Polysphondylium, 15, 325-7

positional information, 15, 32-7, 212, 254,
315

positivism, 8, 22, 299

preconceptions (see also paradigms), xiv, 7,
12-13, 15, 17-18, 21, 107, 248, 298

prediction, in scientific method, 302-5, 337

preprophase band, 72-4, 110-11

range of activation, 83

receptors, 286, 306

regulation, 334-7

retinotectal specificity, 37, 125-8, 169
Rhabdoporella, 308

Rhodnius, 317

root development, 72-80

Rumford, Count, 14

runt, 317

saturation, 295

scales of distance (see also wavelength), 36—
7, 46-7

Schrodinger equation, 16

scientific method, xiv—xv, 3-7, 12-18, 28,
89-90, 247-51, 322

sea urchin (see also Echinoderms), 1068

segmentation, see Drosophila

self-assembly, 26, 91, 106-8, 143

self-electrophoresis, 98—101

self-enhancement (see also autocatalysis),
101, 169

self-organization, 91, 101, 118-19, 143,
148, 154

sequences of patterns, 2758, 307-9, 315-
22

simulation, 162

sine waves, 41-5, 60-2, 65-6, 175-8, 225-
6, 229--33, 325-6
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Smittia, 83, 318

Snider, R. F., 8

snowflake, 27, 93, 101-2, 104-6
sorting-out of cells, 112-36

source, localized (Saunders), 33-7, 318
species-specific shapes, 153

spicule, echinoderm, 106-8

spline, 146-54, 289

steady-state approximation, in kinetics, 266—

Stokes’ Law, 29

stripes, 20-1, 55, 260-1, 290-1, 294-5,
315-16, 318, 320-2, 332-3

structural: stability (dynamic equations), 10,
203-4, 214; theory of morphogenesis
(see also self-assembly), 90-1, 254

surface tension, 121-3

switching, 281-2

symmetry, 1, 145-72; bilateral, 145-6, 284;
breaking and making, 41, 136, 143,
145-72, 284; elements, 101; of kinetics,
261-3, 285-7; spherical, 146-7

Taricha, 330-1

tectum, optic, see retinotectal specificity
teratogenesis, 804, 281, 292
termolecular step, 191

Tetrahymena, 284

thermodynamic driving force, 194
Thompson, Benjamin, 14

threshold, 192-201, 268-9

tip growth, 62, 276, 300-14

transitive property, 118, 120

traverse, open (surveying), 151, 166

Turing, A. M., and Turing’s model (see also
morphogen), xiii, xix, 32, 38, 47-9, 71,
84, 115, 146, 148, 167, 206, 214, 223
46, 293, 323

Turing’s conditions (see also parameter
space), 233-46, 274

Turing’s constants versus rate constants of
mechanism, 270-2, 293

Ulothrix, 69, 71
uncertainty principle, 23, 25

vesicles, intracellular, 134, 312, 325-6
visco-elasticity, 128

Wagner, R., in musical analogy to biological
dynamics, 30

Watson, J. D., 23

Watt, James, 197

wavelength, 43-5, 49-53, 62-6, 81-3, 86,
188-90, 224-7, 256, 278-82, 326-8

waves, travelling or stationary, xvii, 237-40,
332

whorls, xvi, 15, 19, 238, 448-61

wingless, 317

Wolpert signaller, see morphogen, type I

Wulff’s theorem, 102-4, 210

Xanthidium, 311
Xenopus, 168, 330
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