absolute regulation, 56
acceleration of a particlce, 83
acrasin, 125
activation pattern, 48
activator, 38, 217
activator-inhibitor model, 55

Gierer-Meinhardt, 53
adhesion

as a difference function, 92

chemistry of, 89

floating site model, 93
adhesion-driven structure, 117
adhesive energy, 68
allometric regulation, 36
amphibian blastula, 168
amphioxus development, 3
animal pole, 103
apical ectodermal ridge, 159
applications of reaction-diffusion

mechanisms, 61

autocatalysis, 53, 183, 217
autocatalytic activation, 42

bastocoel, 101
bicoid gradient, 216
biochemical analog-digital converter, 66
biochemical entrainment, 179
biochemical oscillation, 144
biochemical waves, 179, 182
biological pattern, 35
birth-death process, 138
blastocoel, 3
formation of, 3
gastrulation of, 105
blastopore, 101
blastula, 3, 29, 101
blastulation, 3, 13
bottle cells, 102
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butterfly, 19

Cahn-Hilliard equation, 120
catastrophe set, 18
catastrophe theory, 13
cell
density field of, 4
life cycle of, 144
mechanical motion of, 5
cell adhesion
Bell’s reaction-diffusion model, 94
floating site model, 93
Steinberg’s sparse site model, 70
cell affinities, 103
cell aggregates
rheology of, 74
stability of, 72
cell cleavage, 137
cell division
environmental control of, 151
cell fragmentation, 137
cell motion
in thin layers, 110
cell proliferation, 137
with fixed cell lifetime, 140
cell shape change, 166
cell sorting, 67, 103
discrete case, 70
kinematics of, 72
long-range interactions, 72
shishkabob experiment, 74
cell types
continuum of, 91
cellular slime molds, 35
chalones, 157
chemical equilibrium, 43
chemical kinetics
homogeneous, 38
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chemotaxis, 125
augmented by a Turing system, 129
pulsatile, 127
chick development, 3
chick limb bud, 151, 225
boundary corrections, 154
clone, 191
codimension, 16
coelenterates, 37
compartmental boundaries
as shocks, 201
compartmentalization
nonlinear theory, 198
compartments, 191
condition of maximumn likelihood, 152
conservation of mass, 82
contact inhibition, 158
continuity
Eulerian equation of , 82
Lagrangian equation of, 83
contour control, 65
Couette layer, 74
creeping flow, 86
cusp, 31
cyclic AMP, 125
cytoplasmic growth, 137

degenerate set, 18
degenerate singular germ, 20
dermal cells, 122
detailed balance, 44, 47
Dictyostelium discoideum, 35, 125
differential adhesion, 67
diffusive instability, 193, 199
diffusivity

time-dependent, 193
dimensional considerations, 85
dimensionless variables, 86
dissipation function, 87
dissipative flow, 166
divergence theorem, 82, 215
Drosophila, 191
dynamic bifurcation, 198
dynamics

of stem cells, 160

Edelstein switch, 52, 65
eigenfunctions

describing compartments, 194
elliptic umbilic, 23
emboly, 101
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embryogenesis, 137
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energy balance, 86
energy density, 6
energy function, 4, 14
nondegenerate, 15
energy integral, 213, 215
engulfment, 69
partial, 69
transitive ordering of, 68
entrainment of frequency, 181
environmental control of cell division, 151
enzyme kinetics
Michaelis-Menten, 46
with inhibitor, 46
epiblast, 101
epiboly, 101, 165
in teleost fishes, 110
epigenesis, 1
epithelial cells, 168
equilibrium
nonthermodynamic, 47
quasi-static, 4
stability of, 5, 98
Euler-Lagrange variational principle, 51
Eulerian viewpoint, 81
exponential growth, 139
exponential probability distribution, 162
extinction probability, 139

Fick-Jacobs diffusion, 215
filamentous growth, 137
fission, 137

fluctuation, 5

fold catastrophe, 30

free energy, 61

free surface energy, 87, 91
frog development, 3

gastrulation, 3, 67, 165
as an instability, 108
in amphibians, 101

initiated by a gradient of cell affinities, 103

of the blastula, 105

stress field of, 109
Gauss’s theorem, 82
generating function, 139
germ

k-determined, 21

degenerate singular, 20
germ layers, 101
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Gibbs criterion, 26

Gibbs free energy, 42

Gierer-Meinhardt activator-inhibitor model,
53,224

global energy balance, 86

heat equation, 77

homogeneous cell population, 137
Hooke’s law, 75

hyaline layer, 4

Hydra, 37, 64, 138
hydromedusae, 64

hydrozoa class, 37

hyperbolic umbilic, 23, 32
hypoblast, 101

ideal of a set of functions, 16
imaginal disc, 151, 191, 228
imaginal disc evagination, 123
incompressible fluid, 82
inequivalent germs, 21

infinite rate constant, 45
inhibitor, 38, 226
inhomogeneous steady state, 47
intercell potential, 119
intermediate dynamics, 221
interstitial membrane, 78

Keller-Segel model, 125
nonlinear stability, 130
special case of, 132

kinematic viscosity, 83

Lagrangian variables, 83, 99
Lagrangian viewpoint, 81

leaky boundary, 213

limit cycle, 144

linear oscillator, 144

liquid crystals, 81

local control of mitosis, 157
Lotka-Volterra prey-predator model, 173
lubrication theory, 110, 165

Lyapunov function, 44, 210

mass action

law of, 43
master equation, 117, 138
material derivative, 84
material interface, 90
material surface, 86
mathematical models, 1
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Maxwell fluid, 83
Maxwell liquid, 74
Maxwell set, 26
mean population size, 148
medusa, 37
membrane friction, 75
mesenchymal cells, 121, 152
mesenchymal density, 157
messenger RNA, 209
Michaelis-Menten kinetics, 46, 125, 224
microtubules, 102
mitogen, 144
mitosis

local control of, 157
mitotic index, 152
momentum equation

Eulerian form of, 84
morphodynamics

elements of, 81

in three dimensions, 81
morphogen, 38, 103, 225
morphogenesis, 2, 32

and differential adhesion, 67
morphogenetic gradient, 14
morphogenetic movement, 81
Morse function, 15
mouse development, 3
multiple eigenvalues, 200

Neumann boundary condition, 210, 214, 222

neural plate, 114

neurula, 67

neurulation, 114

Newton’s law, 82

Newtonian viscous flow, 82

nonlinear stability theory of chemotactic
aggregation, 130

nonlinear theory of compartmentalization,
198

nullity, 18

oocyte, 209

organogenesis, 68

origins of movement, 89
overdetermined system, 181

parabolic umbilic, 23
partial pressure, 43
pattern
polarity of, 57
regulation of, 37
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vascular, 65
pattern formation, 32, 35
pattern regulation, 51
perfect delay, 26
Physarum, 144
Poisson process, 140
polarity, 57
polyclone, 192
polyp, 37
population mean, 139
positional information, 14, 216
precursor, 38
prepattern, 219
prepattern activation, 215
presomatic mesoderm, 179
prespore cells, 63
pressure field, 83
prestalk cells, 63
principal radii of curvature, 84
promoter, 38
pulsatile chemotaxis, 127

quasi-equilibrium, 119

radii of curvature, 84
reaction loop, 44
reaction-diffusion mechanism
applications of, 61
reaction-diffusion models, 42, 187, 209
reactions
rates of, 43
regulation
absolute, 56
allometric, 36
relaxation time model, 26
repressor, 217
Reynolds number, 85
rheology of cell aggregates, 74

Scyphozoa class, 37
sea urchin development, 3
second factorial moment, 161
segmentation

of insect embryos, 209
simple population growth, 144
singular perturbation, 54, 178
singular set, 18
sliding on a a substrate, 76
slime mold, 63

initiation of aggregation, 125

Keller-Segel model of aggregation, 125
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sol-gel transformation, 163
somite condensation, 187
somite formation, 173
sorting in monolayers, 114
sponge cells, 67
sponge reaggregation, 117
spore cells, 36
stable unfolding, 15
stalk cells, 36
static size regulation, 223
steady state
inhomogeneous, 47
Stefan problem, 77
stem cell dynamics, 160
stem cell proliferation, 137

stoichiometric coefficients, 61

Stokes flow, 86
stress field

in gastrulation, 109
stress tensor, 122
stretched variable, 54, 111
surface forces, 84
surface tension, 68, 84, 89

determined by cell type, 90
surfactants, 89
synchonization, 179
synchrony

of cell division, 146

Tetrahymena, 147
time-delay oscillators, 176
Toeplitz matrices, 155
total derivative, 84
transdetermination, 197
Turing instability, 188, 219
Turing morphogen, 200
Turing system, 199
Turing’s model, 103

umbilic
elliptic, 23
hyperbolic, 23, 32
parabolic, 23
unfoldings, 15, 21
universal unfolding, 16

Van der Pol oscillator, 180
vanishing rate constants, 45
variance, 139

vascular patterns, 65
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viscous dissipation function, 87
viscous stress tensor, 82
volume free energy, 98

volume potential, 98

Volvox, 37

wavefronts, 185
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animal and vegetal poles, 2
distribution of, 2

zone of polarizing activity, 159
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