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e what is a system / complex system ?

e whatis a non-living/ living system ?
e Wwhat is a biological / ecological system?
e arethere common principles that govern these systems?

e Wwhich is the difference between theory, principles and models?
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CONTRIBUTION TO THE ENERGETICS OF EVOLUTION*
By ALFRED J. LoTKRA

ScrooL orF HYGIENE AND PuBLIC HEALTH, JOHNS HOPKINS UNIVERSITY
Communicated, May 6, 1922

It has been pointed out by Boltzmann' that the fundamental object of
contention in the life-struggle, in the evolution of the organic world, is
available energy.? In accord with this observation is the principle? that,
in the struggle for existence, the advantage must go to those organisms
whose energy-capturing devices are most efficient? in directing available
energy into channels favorable to the preservation of the species.

The first effect of natural selection thus operating upon competing
species will be to give relative preponderance (in number or mass) to
those most efficient in guiding available energy in the manner indicated.
Primarily the path of the energy flux through the system will be affected.

But the species possessing superior energy-capturing and directing de-
vices may accomplish something more than merely to divert to its own
advantage energy for which others are competing with it. If sources
are presented, capable of supplying available energy in excess of that
actually being tapped by the entire system of living organisms, then an
opportunity is furnished for suitably constituted organisms to enlarge the
total energy flux® through the system. Whenever such organisms arise,
natural selection will operate to preserve and increase them. The re-
sult, in this case, is not a mere diversion of the energy flux through the
system of organic nature along a new path, but an increase of the total
flux through that system.

NATURAL SELECTION AS A PHYSICAL PRINCIPLE*
By ALFRED J. LoTKA

ScHooL oF HYGIENE AND PuBLIC HEALTH, JoHNS HOPKINS UNIVERSITY
Communicated May 6, 1922

The two fundamental laws of thermodynamics are, of course, insuffi-

cient to determine the course of events in a physical system.

They tell

us that certain things cannot happen, but they do not tell us what does

happen.

system. Whether life is present or not, something more than the first
and second laws of thermodynamics is required to predict the course of
events. And, whether life is present or not, something definite does happen,
the course of events is determinate, though not in terms of the first and
second laws alone. The ‘“freedom” of which living organisms avail
themselves under the laws of thermodynamics is not a freedom in fact,
but a spurious freedom® arising out of an incomplete statement of the phys-
ical laws applicable to the case. The strength of Carnot’s principle is
also its weakness: it holds true independently of the particular mechanism
or configuration of the energy transformer (engine) to which it is applied;
but, for that very reason it is also incompetent to yield essential informa-
tion regarding the influence of mechanism upon the course of events. In
the <deal case of a reversible heat engine the efficiency is independent of
the mechanism. Real phenomena are irreversible; and, in particu-
lar, trigger action,” which plays so important a réle in life processes, is a
typically irreversible process, the release of available energy from a “false”
equilibrium. Here mechanism is all-important. To deal with problems
presented in these cases requires tew methods,® requires the introduction,
into the argument, of new principles. And a principle competent to ex-
tend our systematic knowledge in this field seems to be found in the prin-
ciple of natural selection, the principle of the survival of the fittest, or, to
speak in terms freed from biological implications, the principle of the
persistence of stable forms.

For the battle array of organic evolution is presented to our view as
an assembly of armies of energy transformers—accumulators (plants),
and engines (animals); armies composed of multitudes of similar units,
the individual organisms. The similarity of the units invites statistical
treatment, the development of a statistical mechanics of which the units
shall be, not simple material particles in ordinary reversible collision of
the type familiar in the kinetic theory, collisions in which action and reac-

tion were equal; the units in the new statistical mechanics will be energy
transformers subject to irreversible collisions of peculiar type—collisions
in which trigger action is a dominant feature:

When the beast of prey A sights its quarry B, the latter may be said to
enter the field of influence of A, and, in that sense, to collide with A. The
energy that enters the eye of A in these circumstances may be insignificant,
but it is enough to work the relay, to release the energy for the fatal en-
counter. And because evolution works with armies built up of similar
units, the seemingly erratic workings of the relay mechanism (in which ac-
tion and reaction are not equal, and seem subject to no simple general
law) are not, in effect, erratic, but range themselves according to law and
order, for those species of units, those types of transformers, are picked
out for survival, whose mechanism possesses certain definite properties.
Thus the principle of natural selection makes its entry into dynamics.
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L RELATIONS IN IRREVERSIBLE PROCESSES. I.

By LARs ONSAGER
DEPARTMENT OF CHEMISTRY, BROWN UNIVERSITY

tromotive force, which we shall call X;. In corresponding units the “force”
which drives the flow of heat will be:

1
Xy = — rad 7'
2 T g ’

where 7" denotes the absolute temperature (Carnot). If the heat flow and the
current were completely independent we should have relations of the type:

X1 =RJ,
(2 = RaoJ>
where R, is the electrical resistance and R, a “heat resistance.” However,

since the two processes interfere with each other we must use the more com-
plicated phenomenological relations

= RuJ1+ RiJ»

(1.1)
= RaJ1 + RaaJs.
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TIME’S SPEED REGULATOR: THE
PTIMUM EFFICIENCY FOR MAXIMUM
POWER OUTPUT IN PHYSICAL AND

BIOLOGICAL SYSTEMS

By HOWARD T. ODUM! and RICHARD C. PINKERTON

University of Florida, Gainesville

MONG THOSE who deal with the many separate sciences, and
among those who seek universals common to the various sciences,
there is a search to find out why the thousands of known processes are
regulated, each one at a characteristic rate. A common denominator has
been found in the concept of entropy which permits the comparative
study of energy changes. For closed systems natural spontaneous proc-
est re directed toward an entropy increase, so that entropy has been
appropriately called “time’s arrow.”

What has been lacking, however, is a generalization applicable to open
systems which would indicate the rate of entropy increase. The Second
Law of Thermodynamies does not indicate the magnitudes of the rates
or explain how open systems are adjusted. If it exists, we need to discover
“time’s speed regulator.” Theories of rate processes are available for

P; = ¢f?XiR(1 — R)

Efficiency

Fia. 2. Power output is
given as a function of effi-
ciency for systems where
there is no leakage ({) and the
efficiency (£) is thus equal to
the force ratio (R).

SCIENCE

Time, Structure, and Fluctuations

The problem of time (¢) in physics and
chemistry is closely related to the formu-
lation of the second law of thermody-
namics. Therefore, another possible title
of this lecture could have been ‘““The
Macroscopic and Microscopic Aspects
of the Second Law of Thermodynam-

Ilya Prigogine

It is the main thesis of this lecture that
we are only at the beginning of a new de-
velopment of theoretical chem
phys in which thermodynam
cepts will play an even more basic role.
B se of the complexity of the sub-
ject, 1 shall limit myself here mainly to
conceptual problems. The conceptual




thermodynamic forces and flows, entropy production

free energy and complexity
heat engines, Carnot and maximum power limits

energy transformations and energy hierarchy



thermodynamic flows and forces,
entropy production

To extend thermodynamics to non- - - .
equilibrium processes, we need an ex- sARaegs Kleidon (2010)
plicit expression for the S production. Jinn Journ Y
Progress has been achieved along this
line by supposing that even outside equi-
librium S depends only on the same vari-
ables as at equilibrium. This is the as-
sumption of ‘‘local’” equilibrium (2).

Once this assumption is accepted, we
obtain for P, the entropy production per
unit time,
dS .

pP ==
dt b. temperatures c. entropies
where the J, are the rates of the various . 30
irreversible processes p involved (chem- 0 e S
ical reactions, heat flow, diffusion) and
the X, are the corresponding generalized
forces (affinities, gradients of temper-
ature, gradients of chemical potential).
Equation 4 is the basic formula of macro-
scopic thermodynamics of irreversible
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free energy and complexity
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heat engines, Carnot and maximum
power limits
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energy transformations and energy

hierarchies
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stock-flow formalism

growth, self-regulation and stability
competition for maximum power and evolution
ecosystems, complexity and energy hierarchies

systems



stock-flow formalism

system boundary
_

flow

2 3

process
(interaction)

process

: heat flux

stock source

k2E-Q
Jout = kJ Q

— heat sink kE-Q

§1h= (ko- k1 + kz)E-Q

dQ/dt = Pret - Jout = (kl - kZ)E'Q o k3Q




growth, self-regulation and stability

Odum (1970, 1983)



competition for maximum power

Linear

Autocatalytic
5 AzkgRA-K A

Quadratic autocatalytic
- 2
Q= ksRQ kgo

R =J-k,R-k,RA- k,RQ?
J y
5 '
f+k, + kA +k,Q ; l
PR = 100 50
ime (years) Energy available (J)
Odum (1983, 1988)

R =




ecosystem, complexity, energy
hierarchy, evolution

The Strategy of Forest succession
Ecosystem Development

An understanding of ecological succession provides
a basis for resolving man’s conflict with nature.

Eugene P. Odum
Microcosm succession

(o) ) 40 60 80 100
Days

Fig. 1. Comparison of the energetics of succession in a forest and a laboratory micro-

cosm. Pg, gross production; Px, net production; R, total community respiration; B, total

biomass.
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ecosystem, complexity, energy

Energy hierarchy and transformity in the universe

Mark T. Brown*, Howard T. Odum™, S.E. Jorgensen'
2011, Usa
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systems

SR = slowly renewable resources
(fisheries, forests, soils)
Renewable NR = Non-renewable resources
Sources (fossil fuels, minerals, metals)
Industrial &
— .| Manufactured_
> | Products

~
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Odum (1970) Liu+ (2021)



cancer ecology and evoution
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cancer ecology and evolution

CELLULAR NICHE SYSTEM
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cancer ecology and evolution
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increasing malignancy
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population ecology and
environmental change
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LLeo, Modelli di evoluzione di Biston Betularia in risposta alle emissioni inquinanti nel Regno Unito



