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Log sensation magnitude
== (arbitrary units)
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Psychophysical magnitude functions for three perceptual continua. The linearity
of the functions on double logarithmic coordinates indicates that sensation magnitude is a
power function of stimulus intensity. The slope of the line corresponds to the exponent of

the power function.
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Review

The origin of allometric scaling laws in biology from genomes to ecosystems:
towards a quantitative unifying theory of biological structure and organization

-

Geoffrey B. West!>* and James H. Brown'}
The Santa Fe Institute, 1399 Hyde Park Road, Santa Fe, NM 87501, USA, *Los Alamos National Laboratory,

Los Alamos, NM 87545, USA and *Department of Biology, University of New Mexico, Albuquerque, NM 87131, USA
The Journal of Experimental Biology 208, 1575-1592

Published by The Company of Biologists 2005

doi:10.1242/jeb.01589

Summary

Life is the most complex physical phenomenon in the
Universe, manifesting an extraordinary diversity of form
and function over an enormous scale from the largest
animals and plants to the smallest microbes and
subcellular units. Despite this many of its most
fundamental and complex phenomena scale with size in a
surprisingly simple fashion. For example, metabolic rate
scales as the 3/4-power of mass over 27 orders of
magnitude, from molecular and intracellular levels up to
the largest organisms. Similarly, time-scales (such as
lifespan? and grLowth rates) and sizes (such as bacterial
genome lengths, tree heights and mitochondrial densities)
scale with exponents that are typically simple powers of
1/4. The universality and simplicity of these relationships
suggest that fundamental universal principles underly
much of the coarse-grained generic structure and
organisation of living systems. We have proposed a set of

principles based on the observation that almost all life is
sustained by hierarchical branching networks, which we
assume have invariant terminal units, are space-filling and
are optimised by the process of natural selection. We show
how these general constraints explain quarter power
scaling and lead to a quantitative, predictive theory
that captures many of the essential features of
diverse biological systems. Examples considered include
animal circulatory systems, plant vascular systems,
growth, mitochondrial densities, and the concept of a
universal molecular clock. Temperature considerations,
dimensionality and the role of invariants are discussed.
Criticisms and controversies associated with this approach
are also addressed.

Key words: allometry, quarter-power scaling, laws of life, circulatory
system, ontogenetic growth.



Scaling of total community respiration (R, mmol-O2>-d ') and gross_primary
production (GPP, mmol-O2-d ") with total water volume (V, m®) above the thermocline in
25 lakes from Wisconsin and Michigan (data from [319]). R and GPP were estimated by

multiplying measured rates per m® times V. The b values are scaling exponents (log-log |og an =n. |og a
slopes); and the lines refer to least squares regression equations (solid line: logioR = 2.529
(£0.568 95% CI) + logV(0.833 (£0.99)). r = 0.964, p < 0.00001; dashed line: logieGPP = loga+logb=loga.b

1.553 (£0.778) + 1ogV(0.966 (+0.136)), r = 0.951, p < 0.00001).
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Apparently, the mysterious "3/4 law of metabolism" -- proposed by Max
Kleiber in 1932, printed in biology textbooks for decades, explained theoretically in
Science in 1997 and described in a 2000 essay in Nature as "extended to all life forms"
from bacteria to whales -- is just plain wrong.

"Actually, it's two-thirds," says University of Vermont mathematician Peter Dodds. His
paper in the January 29 edition of Physical Review Letters helps overturn almost eighty
years of near-mystical belief in a 3/4 exponent used to describe the relationship between

the size of animals and their resting metabolism.

Two-thirds or three-quarters?

To understand the debate between 2/3 and 3/4, assume a spherical cow. "That's what a
physicist would do," Dodds says, laughing. Basic geometry shows that the surface area
of this difficult-to-milk creature would increase as the square of its radius while the
volume would increase as the cube of the radius. In other words, the exponent that
describes the ratio of surface area to volume is 2/3.




Associations for the Reciprocal and Mutual Sharing of Advantages and DisAvantages

from mass growth to number growth
from larval stage to adult stage :
flow exchange, growth and generation time

V volume
(3D)
surface S D mass growth
- (20) * ecophase <. the period during which youngs are born and grow up, reproductive Adult
become adults, and begin to have youngs of their own, volume in m?
to survive L ) ":::f:"m and the system surface of exchanges are proportional.
—_ e
o Va= C.tg312 2 = 3
— adult Vat=ktg

~ Aadult stage ( volume : D - k' tg 3

/ tr:iantitg\:‘l duration D 2= k' tg

adult stage :

reproduction l\

() €)

number growth

larval stage

threshod  durationin s

« La complexification ne peut se poursuivre indéfiniment,
car c'est par la surface que se réalisent les échanges.» (Laborit, 1985).

19/02/14 http://armsada.eu p. 23/25




Basal Metabolic Rate (ml O, h™)

10°
.
10%
,.o.'
—_ . e e
= 109 o 3E0
N ::-' .a?'z‘.“
O % ' A ° *
.E 0.‘.. K .,0' :. ‘;
e 102 LA 4 10"‘\.1..
ratel »
% 'o",".’ :o‘ 2 2/3
a) .'o..,o:'fo:.
1L "o...'. .
BMR = 4.6 185200 el SR

1 .
10 10? 10° 104 10° 0.001 0.01 0.1 1 10 100

Mass (g) Body mass (kg)



Log metabolic rate

an

an

A

écosystéme YIX=+1 y = k.X

U5 +1/4 +1/3 425 +1/2 +2/3 +3/4 +4/5 +5/6 +6/7 +7/8 +8/9 +9/10
hyper-univers -Ig
méta-cellulaire univers  +7
galaxies cluster +6
galaxie :‘;
systéme stellaire (4 |
Log body mass B biosphere _+3
| [ écosystéeme #< |2
1] 1 méta-cellulaire 7+7 |1
oo cellulaire 7 [0
1 [ monéres  1-1 [§
supra-moléculaire -
) EI B & ] molécules -3 3
I8 A B A0 O 4TSS U4 < 1B 205 < T2le2 N T4 WS 458 &7 ST <8 4310 stomes  ~¢ By
particules -.; -5
quarks -
cellulaire siperoondes. = ;
cordes -J |8
0 @ planck -9 |
AR A4 A5 A0 0 +1A0+1/5 +1/4 +1/3 +2/5 +1/2 +2/3 +3/4 +4/5 +5/6 +6/7 +7/8 +8/9 +9/10 1 +4/3 +312 +2 +512

moneéres

R 0 _/F 110 +1/5 +1/4 +1/3 425 +172 423 +3/4 +4I5 +5/6 +6/7 +7/8 +8/9 +9/10 1 +413 432 +2 +52



X1
(1= Log x1

Log x1 = K Log x2

X2 =Log x2

facteur limitant

/N

x1

X2

\_

facteur limitant




Pierre BRICAGE THINKING & TEACHING BIOSYSTEMICS IASCYS p.5

capacity to be hosted

TEACHING SYSTEMS & CYBERNETIC SCIENCES in HIGHER EDUCATION RE#B , F4)I|#& ¥ = , China, 24-27 October 2010



endophysiotope

SURVIVRE | écoexotope

1. La MOBILISATION METABOLISME
de la MATIERE et de I'ENERGIE pH
2. I..: mfunce MASSE temp(.zra.ture
2.La CROISSANCE  \OMBRE radiations

en nombre

3. La REPONSEa REACTION
des STIMULATIONS

4. L'ORGANISATION interne

dans l'espace ESPACE
et dans le temps TEMPS

5. L'INTEGRATION exteme
6. Le MOUVEMENT

pour VI
7. La REPRODUCTION




P. B. Reich et al.  Scaling leaf nitrogen to phosphorus

Scaling relationships for angiosperms of leaf nitrogen concentration Np. and leaf phosphorus concentration Py in
relation to SLA for all data pooled, for plants grouped by life form and for three biomes. (All relations were significant (p <
0.0001). All equations were fit using the log—log version of the equation: Y= g X“. Reduced major axis slopes (exponents)

are shown, as well as the lower and upper 95% CI of the exponent, and r°. n, number of observations. Significant differences
(p < 0.05) in exponents among groups (for appropriate contrasts separated by blank lines) are shown by the lack of shared

letters.)
plant group n exponent low CI, high CI r exponent low CI, high CI r?
all 1819 0.73, 0.79 0.54 ' 1.08,1.12 0.45
o 3/4 1,14
wespern endophysiotope
i 34 0.59 a 0.41, 0.85 0.52 1.17 a 0.81, 1.69 0.51
22 0.72 a 0.33, 1.56 0.34 1.01 ns
535 0.83 a 0.76, 0.89 0.55 1.19 a 1.08, 1.31 0.45
1112 0.75 a ‘-—- 0.70, 0.80 0.45 1.17 a 1.09, 1.26 0.39
biomes  @COEXOtOpE
temperate 449 0.67 a 0.59, 0.76 A 0.35 0.95 a 0.80,1.12 0.24
Mediterranean 321 0.93b \ 0.83, 1.03 0.54 141 b 1.26, 1.58 0.49
moist tropical 950 0.78a ¥ 0.71, 0.85 0.34 1.21 ab 1.08, 1.35 0.24

3/4
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Metabolic rates (in W) of mammalian cells in vivo (blue line) and cultured in vitro (red line) plotted as
a function of organism mass (M, in g) on a log-log scale. While still in the body and constrained by
vascular supply networks cellular metabolic rates scale as Mb'” 4. When cells are removed from the
body and cultured in vitro, their metabolic rates converge to a constant value predicted by theory
(West et al., 2002b). The two lines meet at the mass of the smallest mammal
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Regression of log(power) on log(frequency) for healthy subjects (n=274),
myocardial infarction patients (n=715), and heart transplant patients (n=19)

Bigger J et al. Circulation 1996;93:2142-2151
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Two-Third power law for curved movements provides a strict constraint on
optimal control models
Dongsung B Huh (huh@salk.edu), Terrence J Sejnowski (terry@salk.edu)

One of the interesting properties of curved hand movements is that the speed v is
related to the curvature k through a power law: vgt) [ k(t)'”3, called the % power law
(because the angular speed is proportional to k*°).

Several models have been proposed to explain the origin of the % power law from
optimality principle: the minimum jerk models (Richardson and Flash 2002; Todorov and
Jordan 1998; Viviani and Flash 1995; Wann et al. 1988), and the minimum-variance
model (Harris and Wolpert 1998), to name a few. It seemed the % power law was an
easily explainable phenomenon.

In further analyzing these models, however, we found their predictions to hold only for
movement paths that have rather quickly changing curvature (such as ellipses,
cloverleaf shapes and figure eights). For paths with slowly changing curvature, such as
spirals, the power law is no longer Z%.

This failure can be analytically proved for the minimum jerk model. We show that the
minimum jerk model in fact predicts a 7z power law (v(t) « k(t)?°) for paths with slowly
changing curvature, and that the power law approaches % for paths with fast changing
curvature.

Our analysis shows that predicting the % power law for a wide range of paths is a very
strict criterion that narrows down the appropriate cost function. We are currently
investigating a family of cost functions that satisfy this criterion.
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® a particle repeatedly

moves 1n all directions

B Brownian motion

® continuous irregular motlon of
individual pollen particles [
®Robert Brown(1828 )




On note E,(f(Bs)) l'espérance de f(B;)
quand B est un Brownien issu de z. Cette quantité est égale a

B+ B) = < [ fa+vyew (-5 ) o

ou B est un Brownien issu de 0.

Soit B un mouvement Brownien, b et o deur constantes.
Le processus Brownien géométrique.

|
X = Xoexp{(b— iaz)t + 0B}
est aussi appellé processus “log—normal”.*
Temps d’atteinte 7T, est un temps d’arrét fini
E(exp —AT,) = exp(—|a|V2)).

Par inversion de la transformée de Laplace,
on obtient la densité de T, qui est, pour a > 0



(3D) D linear dimension

y volume
surface § 0 mass growth from mass growth to number growth
ecophase from larval stage to adult stage :
W flow exchange, growth and generation time
to survive
A_imgo V“’kﬁ (1D) L=c. t"
6= 3
mhmmm D k:h L =k.t¥
,l\ . ?&f.ﬁ":&gr DI=Kh o'y
reproduction qomnﬂonﬁmo 2-
O Ve=k.t?

Fig. 9b Brownian motion

The length of the linear movement (1D), L, is

D linear dimension, proportional to the square root of the duration of
a constant exchange rate k' observation -time t- (Perrin 1908): 1/2 power-law.
To survive with mass growth is the prerequisite for ~ This is the same as: V obeys a 3/2 power-law of t,
a life form to itself survive with number growth. or Va2=Ktg3

Just-in-time exchanges: the exchanges flow rate and 3/2 is just the true exponent that describes

Fig. 9a Exchanges at a constant rate
t time, V volume (3D), A adult phase

at the surface of exchange is a constant. “the ratio of volume to surface area in a sphere®.

(Reproduced from Bricage 2009a, b, 2014e [Free Share-Alike Creative Commons Licence])



ASSOCIATIONS & AVANTAGES et INCONVENIENTS RECIPROQUES et PARTAGES
L'INVARIANCE FRACTALE du VIVANT

Mnmkmm:' S 2009

— Amis de Plerre hururc'n- Chardin, Centre de Sévres, Paris, 109 p.
! http/Malarchives-oyvertes fridocs/00/42/37/30/POF iphylotagmotaphologle paf
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MICroscopic
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A part of the Whole The WHOLE our Universe

The Universe of our Universe
ASSOCIATIONS for the RECIPROCAL and MUTUAL SHARING of ADVANTAGES and DISADVANTAGES
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The first 10* points visited by a two-dimensional random walk generated by a power-law
jump distribution with exponent g = 1.5, starting at the center of the main frame. The amplification
illustrates the self-similar properties of this process.







La conception traditionnelle chinoise de I'éthique

Du rapport entre I'nomme et la nature et de leurs expériences agricoles, les
ancétres chinois ont tiré deux idées fondamentales : “L‘harmonie et I'ordre”.

I faut maintenir I'narmonie entre 'homme et la nature etles hommes doivent
reseecter les lois de la nature. L'harmonie est la piece maitresse de cette éthique.
Le confucianisme et le tacisme sont les deux grands courants ago-antagonistes

qui ont animé I'histoire chinoise avec le bouddhisme arrivé en Chine a I'époque des Han
(vers le llléme siecle), probablement par des commergants indiens, via la Route de la Soie.

Confucius a dit : "L'harmonie prime en tout".

Le taoisme est considéré par certains comme étant la seule "vraie" religion chinoise. C'est un
mélange du culte des esprits, de la nature et des ancétres, une quéte mystique des lois qui gouvernent
notre vie, en quelque sorte une quéte de l'immortalité.

Les valeurs confucéennes se retrouvent dans toutes les sociétés qui ont adopté I'écriture
chinoise. Le respect des enfants envers leurs parents, I'épouse envers son mari, conduisant a I'obéissance
des travalilleurs a leurs chefs, explique la discipline qui régne dans les entreprises chinoises.

Le maintien de I'harmonie se fait a I'aide de la loi et de I'ordre , une société doit étre
régie par l'ordre, ce qui lui permet d'établir une hiérarchie, un systéme, des lois, des
]

relations humaines et des régles morales.
|
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Total U.S. Government Tax Collections vs
U.S. Median Household Income, 1967-2010
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X1= Log x1 -1

10°
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@ Severity (deaths)

How the pumber of deathis in 3 terrorist gtiack (between 1968 and
2008) vanes with the frequency of such an attack. The relationship is
another power law, but with a different exponent from that of inter-state
wars.,

log (cumulative frequency)

thousands millions
X2 =Log X2 log (severity)

How the number of deaths in a war between states (from 1820 to
1997) varies with the Euency (equivalently, the probability) of such a
conflict. The relationship is a mathematically simple one, called a power
law. The last two data points are, respectively, World Wars | and I1.
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CyberSystemics

How to capture the comprehensive nature of complex systems and processes as a whole?
CyberSystemics abounds of celebrities ...
If you know these authors or these words (concepts), you have made already cybersystemics without knowing it!

R. ASHBY (requisite variety), Gregory BATESON (inter-personal communication), Henri BERGSON
(creative changing & evolution), Claude BERNARD (homeostasis), Elie BERNARD-WEIL (agoantagonism,
paradoxical strategies), BERTIN (diagrams, networks, maps: graphic semiology), BOLTZMANN (behavior
statistical laws), BOOLE (algebra), BOULDING (economic typology of systems), BUNGE (general
typology of systems), CANNON, Noam CHOMSKY (language syntax), L. COUFFIGNAL, Michel CROZIER
(multiple agents decision making systems), Joél DE ROSNAY (the macro-scope), DE SAUSSURE
(linguistic structuralism), Gérard DONNADIEU & Michel KARSKY (systemic approach), J.W. FORRESTER
(systems dynamics), Michel FOUCAULT (analogy), Arthur KOESTLER (wholeness), LAVOISIER
(isomorphism), Jean-Louis LE MOIGNE, LEIBNIIZ, J. LESOURNE (fate systems), Claude LEVY-STRAUSS
(anthropologic structuralism), Edward LORENZ (butterfly effect), James LOVELOCK (Gaia system), MAC
CULLOCH (biomimicry), Benoit MANDELBROT (fractals, systems scaling invariance, theory of
catastrophes), Edgar MORIN (the method), Blaise PASCAL (the Whole and the parts), Louis PASTEUR,
Jean PIAGET (psychological structuralism), PRIGOGINE (autonomy & auto-organization, dissipation
structures), PYTHAGORE, Michel SERRES (communication interference), Claude SHANNON
(communication, quantitative theory of information), SKINNER (behavior), Herbert SPENCER (progress),
TARSKY (theory of models), Pierre TEILHARD DE CHARDIN (man cosmic system), Paul VALERY (models
& modeling), Ludwig VON BERTALANFFY (general system theory), VON FOERSTER, (information), VON
NEUMANN & MORGENSTERN (games theory), Norbert WIENER (cybernetics).
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Les éche"es des systémes vivants : LES LOIS SYSTEMIQUES de IlEVOLUTION dU VIVANT
) - LOI SYSTEMIQUE D'INVARIANCE DE JAUGE :
- espace http://www.afscet.asso.fr/Ande10/pbETAvivant10.pdf écoexotope et endophysiotope, les 7 caractéristiques fonctionnelles du vivant “vivant®.
- temps http://www.afscet.asso.fr/Ande12/pbAnde2012.pdf - LOI SYSTEMIQUE ERGODIQUE D'EMERGENCE CONSTITUTIVE :
- espace-temps http://www.armsada.eu/pb/bernardins/phylotagmotaphologie.pdf niveaux d'organisation et échelles d'emboitements hiérarchiques,

régles d'émergence, ARMSADA et confinement.
- LOI SYSTEMIQUE ERGODIQUE D'INDIVIDUATION ET D'ELAN VITAL :

hypothése de linéarité et principe de moindre action, loi puissance V A2=k.tg3 , hon-linéarité.
- LOI SYSTEMIQUE CONSTRUCTALE :
global et local, capacité d'accueil et capacité d'étre accueilli, action et rétroaction.

- LOI SYSTEMIQUE ERGODIQUE DE CAUSALITE ONTOGENIQUE :
tableau de la classification périodique du vivant.
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