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Biological scaling (allometry)

* The study of the relationship of body size to the other

characteristics (ex) basal metabolic rate, cardiac rate, size of
body parts, speed, shape, ...).

ereferred as allometry in zoology.
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Why are the scalable properties
important!?

It does not involve chance but instead tells us about the
physical laws behind biological behaviour.

In particular,

the observation of scaling laws that hold across size
differences of several orders of magnitude may lead to
substantial revisions in the understanding of not only the
field of interest but also in many other fields of study.
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Background

Slime mould
(Physarum Policepharum)

® Multinucleus single-cell organism with amoeboid
movement

®Nuclear division without cell division occur per
10 hour

elarge variation of cell size: |0>m ~ Im
eExperimental convenience of size manupulation:

fuse and cut



Nucler division without cell division
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= Scaling study of cell movement

using Slime mould



e Static allometry

the size dependency of the time-averaged characteristics

eOntogenetic allometry

the characteristics changes throughout its development
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Coordinate system and longitudinal shape

Longitudinal coordinate and
its perpendicular axis.

hmax . the max thickness of frontal part
XL . body length
Xmax - length of very frontal tip

dVv :
h'(x, t)
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Characterisation of longitudinal shape

h'(x, t) = maxy€l(x.t) h(y, t)
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Averaging of variables over intrinsic period (To) of
thickness oscillation

Averaging over To
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eStatic allometry

the size dependency of the time-averaged characteristics



oA Math. Model

eAmoeba locomotion with large fluctuated speed as
Traveling wave-like solution in non-autonomous R-D
systems



Localization of the locomotion
engine in the frontal part
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(from Takagi,S. et al 2007)



Traveling wave in reaction diffusion system
with slow modulation

body formation
with
exponential relaxation

chemical oscillation
v with
slow modulation (y)




Discussion

Scalable vs. Non-scalable properties

What is the origin of the difference between them? One probable reason is that:
the size-independent properties result from biochemical processes
because chemical reaction speed mainly depends not on the body
size itself but on the chemical characteristics of the substances
involved.

the size-dependent properties may result from physico-mechanical
processes. If so, they are likely to be quite general properties that
hold for a wide range of organisms.




