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The Belouzov-Zhabotinsky patterns in a Petri dish
Spontaneous morphogenesis
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a single solution for the value 1, but multiple solutions

Fig. 41. Successive bifurcations. ot lane

Rayleigh-Bénard instability: Macroscopic convection
far from equilibrium. A dissipative structure.

The temperature of the bottom plate is greater than
the one of the top plate.

From Prigogine’s Nobel Lecture

Fig. 3.2 Fig. 4

solutions

In this way we introduce in
physics and chemistry

an *historical"element’,
‘which until now seemed
to be reserved only for
sciences dealing with
biological, social, and
cultural phenomena.

A
12

assingle solution for the value %, but multiple solutions
for the value 2,

Fig. 41. Successive bifurcations.

A simple mathematical transformation

From Prigogine’s Nobel Lecture converts one form into the other
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Prodators

An attractor: a dynamically stable state
(mimicry is another application)

Fig. 9 Fig. 10

Dappling in 2D as the result of one morphogen

One limit cycle and one attractor
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Fig. 11 Fig. 12

Concentration of one morphogen (Y) in a ring of cells Concentration of one morphogen (Y) in a ring

I

of cells with two morphogens
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“Variety with quick cooking” A stable “four lobes” configuration

Fig. 13 Fig. 14

Spots and Stripes

Biological instances

= The case of the sea-anemone Hydra and of the leaves
of the woodruff (Asperula odorata)

= Activator and inhibitor
factors with different
diffusion rates can
interact to produce
regular spots/stripes

(Turing 1952)
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Fig. 15 Fig. 16

http:/perso.orange.fr/l.d.v.dujardin/ct/cusp.html http://perso.orange.fr/l.d.v.dujardin/ct/cusp.html

L] -
behaviour

The potential is a function of x, once the two
parameters a and b are fixed. In the figure, the
behavior for those values of a and b will be, of course,
“blue”. The surface is the set of minima for the
potential function.

A three-dimensional representation: the red curve represents
the energy potential along the grey axis.

We have one maximum and two minima. The region in red

is inaccessible to the system (whence the sudden transitions)
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The black line (shaped like a cusp) is the bifurcation set =
the set of critical points.
It divides the control space into two regions.

Fig. 19

Foraging strategies as a function of the probabilities of finding a source

t = duration of food availability
Probab for a re-active searcherp'

020 040 060 080 Lo
80

0.20

040 0.60 DSO 1.0

(a)
0<pg*<l
division of |
labour

po=1
independent foraging

p=0
no foraging

Saturation of the fecruiters (8)
O<py*< :
division of labour

p=0
no foraging

025 050 075 Lo

0

025 050

P Probab for a pro-active searcher P

optimal proportion
BF pro-active Searchers

Dechaume-Moncharmont, F.-X., Dornhaus, A., Houston, A. I, McNamara, J. M.,
Collins, E. J., & Franks, N. R. (2005). The hidden cost of information in collective
foraging. Proceedings of the Royal Society (B Series), 272, 1689-1695.
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FIG. 1 (color online).
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Acoustic identity of song syllables in

canaries (spectrogram). Three different temporal patterns are
identified in terms of the local spectral properties of the air sac

pressure, denoted by A, B, and C.

Trevisan, M. A., G. B. Mindlin, et al. (2006). "Nonlinear model predicts
diverse respiratory patterns of birdsongs." Physical Review Letters 96
(10 February): electronic edition: 058103-1-4.

Invariants of optimal locomotion: The Journal of Experimental
Biology (2006) Vol. 209, pp 248 Unifying constructal
theory for scale effects nming and flyin

theory for scale effects in running, swimming and flying
Adrian Bejan (Duke University) and James H. Marden (Upenn)

2gMy,
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G Running mammals, repéiles, insects
¥ Flying birds, bats, insccts
+ Swimming fish, crayfish
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From small insects to large mammals, the force produced when
moving at optimal speed is a multiple of body weight (applies to
running, swimming and flying). Across 10 orders of magnitude.

Fig.

Typical graphs of second-order phase transitions:
Continuous first derivative of the free energy,
discontinuous second derivative - no latent heat, critical
point(s)

Fig. 22
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Pressure time series. Blue
red = type C

type A song, green = type B
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Fig. 23 Fig. 24
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Three type songs, 2 variations of forcing frequency Embedding in a 3-dimensional phase space and a study

of its topology

Fig. 25 Fig. 26

odynamic model under constraints of minimal energy
dispersion, maximal space-filling and constant size of the
terminal branches

Fig. 1. Diagrammatic examples of
segments of biological distribu-
tion networks: (A} mammalian cir-
culatory and respiratary systems
composed of branching tubes;
(B) plant vessel-bundle vascular
system composed of diverging
vessel elements; (C) topological
representation of such networks,
where k specifies the order of the
level, beginning with the aorta
(ke = 0y and ending with the capi-
lary (i = N} and (D) parameters of
atypical tubs at the kth lvel.

Mammal

FIG. 3. Schematic of the proposed organization for integration

of central song control and respiratory centers. Inhibitory con-

nections are indicated by a black circle. Abbreviations: Insp,

inspiratory motor neurons; Exp., expiratory motor neurons. Parameters
Arrows indicate excitations, circles inhibition. PAm and RAm

represent the nuclei parambigualis and retroambigualis. respec- ) "
tively. The oscillatory input represents a basic oscillation gen- West, G., J. Brown, and B. J. Enquist. (1997). "A general model for
erated by telencephalic nuclei. the allometric scaling laws in biology." Science 276: 122-126.

Fig. 27 Fig. 28
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West, G.B., Woodruff, W.H. & Brown, J.H. (2002) Allometric scaling of metabolic rate from

molecules and mitochondria to cells and mammals. PNAS 99, 2473-2478.
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