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Abstract: A rule determining sequences of conservative Poincaré sections of a
topological space in which Life is embedded is proposed. A hamiltonian of living
organisrns and ecosystems should include: (i) kinetic components as the manifold of
metabolic interactions, activiry and anticipatory behavior leading to homeostatic and
evolutionary adaptatioq (ii) potential components as the selection of expressed
characters from DNA existing structures, and the construction of new genomic
components by evolutionary processes. Both are connected to the set of environmental
forces, and a disribution of hamiltonians of interacting organisms is proposed.
Corollaries derive the conditions ofoccurence ofevolution and identiff boundaries to
biological engineering within the Planet and the solar system as conservative
embedding systems.
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I Introduction

Rosen pointed that "Since organisms themselves are composed with matter. the
properties of matter influence the behavior of organisms" [20] while he noted that such
biological system as any given enzyme represents a system which "has no hamiltonian,
no SchrôrCinger equation, no wave function, eto." [21]. Since then, hamiltonian
equæions have been derived for some peculiar properties of proteins and other
components of life. The present study addresses the problem for the living phenomenon
in its whole, rvhich implies some preliminaries.

l.l External Influences in Classical Concepts

A potential energy Wp or Ep6 is the product of a scalar p (characteristic of

components of mass of an object) by a disance of functions d[ç(x),ç(x1)] of its
positions, where ç maps a causality factor applying on p. Thus, components outside the
system are involved. The kinetic energy Wç or Eç6 is a function of some expression of
the mass M of a system (M:u,mt) and of the square of the velocities (vif of its
components, in newtonian, relativistic and related forms. The theorem of the kinetic
enerry again involves causality and interaction of external with internal forces.

Let E6 and Ep61 be the kinetic and potential energies of a system. The hamiltonian
is defined for a conservative system as H: Erio + Epot while the lagranglan is .C: E6r, -

Epol . The kinetic component is usually reflected by mf,l2 for masses m composing the
system, while the potential component is dependent on contextual forces able to act on
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the system's structure. Given a potential U, scalar and vectorial expressions of the
associated force or energy are currently represented by E : U.Q where Q is the charge
of the system related to U, and vect(F) : - vect(Grad)(U).

As far as these points are assessed, the classical Hamilton relations state that, given
X a coordinate of position, t a coordinate of time, p the momentum and m the mass of
the system: dx/dt -- AWAp and ôp;'/At: AIIIAK. The Lagrange relation equivalently

states that d(ôt/dX';Ydt - AdAK:0, with p: (m.X'ù.
However, while no physical system is totally invariant (particles have limited

lifespan, orbitals have varying energies, etc.), a living system cannot be considered as
isolated from its environment, and conservativity conditions must be revisited.

The action in the sense of Maupertuis is the summation of p over a space interval
while in the sense of Hamilton-Jacobi, it is the summation of the Lagrangian over a
time interval. In the sense of Planck, action is the summation of an energy over a time
interval or per frequency intervals. The least action principle states that a small change
in the motion of a system would let the Hamilton-Jacobi action unchanged.

1.2 Advances in Wave Function Interpretrtion

In classical quantum mechanics, the wave function (V) is determined by the
frequency (v) and by the de Broglie wavelenglh (Àa. s,.) of a particle [a]. So far, no
physical interpretation was possible for (V) as the root of a probability of localization
However, recently the wave function of a macroscopic object has been described in
terms of specific deformations of space [14], [15]. This approach provides a physical
meaning to the de Broglie and Compton wavelengûrs as well as to the frequency of the
system, and the corresponding formalism has been shown to reach a classical form. Let
{n} be a set of vector parameters describing all of the mass components of the
corpuscular system and ô,, a limit in the transmission velocity of space deformations;
then, n" - c2o.vn : 0 [4]. Wave function components of one particle can thus be
extended to those of an entire organism and to all massive objects. Therefore, a
deterministic wave function y(X,t) becomes conceptually accessible to macroscopic
objects.

Both E16 and Epol are dependent on components of X, and t is an indexation of a
ordered sequence oftopological configurations, as seen below. Then the expression of
Hamiltonian and Lagrangian operators can be envisioned for a complex system like a
living organism. The present works preliminary explores the general features of these
operators and some implications for conservativity through interactions and evolution.

2 Conservation in Spacetime Sequence

Previous works [2], [4] have described spacetime as a ordered sequence {Si};.p of
Poincaré 3-D closed sections of a topological 4-space (X,J-). This imposes that general
topological properties (0 ofthe space ofany section are conserved in the next one. This
condition provides a "reference frame" for the Analysis Sirzs of objects in these



sections. Motion appears when a point belonging to a subset in one section is mapped
into a corresponding point in another subset in the next section. One among all laws of
selection of S+t from any Si determines our observable universe and all other concepts
are embedded in it.
Proposition 2.1. A law of selection of a space section Si+t, given a section Si is the
following:

[(i).on..*ution of topologies: Vi, (Si*r1: ?TSi)

(ao):  i  ( i i )  S'* '  I  O; Si+r 7 Si ( l )

l(ii i l {Si j (SinSi+r ): max(SinSi+r )y121 }
Conjecture 2.1. This rule implies the least action principle and predicts the occurence
of geodesic trajectories.

In effect, the distance between two successive positions from one to the next
topologically closed section d(xi. xi+t):ds will be minimal. The sum of such distances
over a trajectory will thus coincide with a geodesic.
Conjecture 2.2. Relation ( I ) could be consistent with the rule holding on our
observable spacetime. A full demonstration of the proposition is in progress.

3 Peculiarities of Living Systems

3.1 Evolutionary Interactions

Life has emerged from the reproducdon and evolutionary diversification of primitive
organisms (see [3], for review). There exists a short-to-medium term continuum
between an individual and its progenl-, and a long term continuum between all phyla
and their common ancestors.
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Figure 1: The continuum of life from prebiotic forms. Dotted lines schematically
denote the trace in 4-D embedding space ofthe sequence of3-D sections constituting
the observable spacetime, where objects are closed, thus interactive.

Proposition 3.1.1. A living organism is separated neither from its ancestors nor from its
progeny. (i) Ancestors have provided initial equipments that have allowed its evolwion



into a form eventually adapted to local conditions in time and space. (ii) progeny is able
to directly interact with the energetic status of the genitor, and reciprocally.

Therefore, a living system must be considered through its continuity (Fig.l), and
connected hamiltonians must be defined over individuals, clones and phyla.

The complementâry in the 4-space of physical objects is open and cannot be
considered as physically existing. Thus wave functions are physically pertinent only in
3-D sections while they remain defined over the entire structures.
Proposition 3.1.2. Ecosystems represent 3-D traces of interactive collections of phyla
with their environmental habitat and resources: this involves a specific type of
hamiltonian. Due to their interconnections, the components of a ecosystem should be
considered as members of a global entity, like atoms are members of a molecular entity.
Proof. (i) In a molecule, some atoms are more reactive than others during contact with
other molecules. Some atoms may app€ar as nearly inert, and may be considered having
more a structural than a interactive role, while others are highly reactive and determine
the chemical properties of the molecule. However, even stnrctural components play a
key role during some types of interaction such as ligand binding to receptors.

(ii) Similarly, in a ecosystem, some components are more structurally than actively
involved in the global activity of the system. However, their role is emphasized by the
fitting of active species to their characteristics, like a substrate site fits to the
characteristics of the substrate within an enzymic macromolecule.
Remark 3.1. Conservation of living systems lies on that of the embedding planet.
Proposition 3.1.3. The hamiltonian of a ecosystem at time (t) is not independent from
its hamiltonian at time (t+k).
Proof. (i) The interval between a closed subspace in (Si) and its mapped image in
(Si+r)belongs to the complementary in the embedding 4-manifold of closed 3-D spaces:
therefore it is open and cannot contribute to observable physical processes. (ii)
Topological substructures are not modified within a open space interval. Therefore,
wave function properties of the progeny and of farther species along continued phyla
are not independent from those ofthe genitors. (iii) The viability ofthe evolutionary
progeny of an organism is dependent on its {itting to further characteristics of habitat
and resources, which.involves anticipatory mental imaging.

Therefore, future states ofthe entire system are not independent from the state ofthe
initial genitor and conservative entities oscillate between organisms and the medium.

3.2 Kinetic and Potential Components of Biological Hamiltonians

Kinetic components must include the totality of factors enumerated in section l. I as
{u(mi.vip}which are involved in motion and its causality factors connected with
internal, external forces, connections and interactions. Call (WK) the set of kinetic
components. Then, let indices (e, p, m, M) denote respectively the submicro scale (the
scale of corpuscles), the molecular scale, the meso-scale (organ functioning) and the
macroscale (whole body motion). Components of relation (2) are listed in Table l.

WK: t-r",u,,6,y {WKe, WKp, WKm, WKU) (2)



Table 1: The various members constituting the sets {WK} of components of the kinetic
energJ of a living system.

Scale Symbol Members

Corpuscular
Molecular

Meso WKm
(orgaru and tissues)
Macro \ilKM
(entire organisms)

WKe
WKp

corpuscular translation, vibration and rotation (i.e. temperature)
intracellular molecular transfers for metabolic pathways,
identification and detoxification of foreign compounds, immunitv,
enzymic inductior\ etc.
blood flow, intestinal peristaltism and transit, cardiac rhythm,
pulmonary.hyttur! biliary and renal excretion, etc.
whole body motion in connection with food search and catch,
shelter construction, search for partners, fight with or flight from
ennernies, social activities, game, and specifically for human,
all administntive constraints from political and economical world

Bemarks 3.2.1. (i) All these actions are measurable.
(ii) The above mernbers are entirely dependent on the supply ofresources from the

embedding ecosystem [8].
(iii) All living organisms are involved in the flow of species and resource exchanges

which characærize the hamiltonian of the whole ecosystem as a conservative
supersystem. Thus the following:
Corollary 3.2.1. The hamiltonian of a living organism depends on that of its
embedding ecosystem. Furthermore, since the Earth global ecosystem receives part of
its energy from the sun, not independently from the other planets, that the solar system
is dependent on its galilry, and so on, up to the very origins of tJre construction of the
total universe, strictly speaking, the bio-haniltonian is a component of the Universe
hamiltonian as the most conservative supersystem.
Corollary 32.2. An individual living system is not isolated. However it can be
considered as a cornervative system throudt the flow of input and output of energy in
its various forms. In general terms, one will wriæ: A (input) = B (output) over a short
time interval, with for instance:

A:{input of radiations, Oz, HzO, nutrients}
B : {output of CO2, H2O, waste compounds} (3)
All of the above components are connected by mutual inTluence, and their

interactions are schematically illusffated by Figure 2. The fate of longer time intervals
will be examined below.

The potential component WP contains all factors that involve forces able to act on,
and interact wittr, the considered system. However, these forces manifest themselves at
various periods of time and some may interact only with a future configuration of a
given organism. Following definitions in section 1, components will include p
d[q(x),q(x;)] in which (p) represents the parameter connected with the equivalent of
mass (or some mathematical "weight") of the involved objects and [ç(x),ç(xj)] the
configurations whose distance stands for the corresponding potentials.



metabolic eneçy supply

Figure 2: Interactions between members of the kinetic component of the bio-
hamiltonian. Conservativity is provided by outside/inside flows equivalency.

In relation (4), WPI has the same indexation as for WIÇ and in WP2, G denotes total
genomic potentialities. Subcomponents are dffiiled in Table 2.

lwpt : ue,F,,m,M {wPe, wP$ wPrq wpr"r}
wP: .{

lwPz:\rc,cr,cz {wPe(wPcr, WPcz )}

Table 2: an evaluation of mernbers of first kind and second kind subcomponents of the
potential enerry ofliving organisrns, at various scales

Symbol Mernbers

(4)

Fint kind potential factors (WPl)
Corpuscular WP"
Molecular WPp

meso WPm

macro WPM
Second kind potential facton (WP2)
expression WPct
lerel
evolutionary WPcz
level

atomic and moleq.rlar cohesion
homeostatic potecial as keeping of the organism's integrity
of energy reserves: glycogen, glycerides, etc.
homeostatic potential for organs, arms, legs, fingers;
poterûial ofresistance against blood flow, and other motion
by friction, gravity, etc, along with food storagg etc.
potential foundd on brain mantal image-directed intentions

potemial of gene expression by selection among existing
genes and alleles
potential ofgene evolution from introns and repetitive
sequences, towards the acquisition ofnew genes for somatic
confrontation with changed environmental forces

Remark 3.2.2. Here also, components WPI are interactive and depend on each other as
for WK (Fig. 1). Furthermore, component (!VP2) is dependent on WPI and on WK.



4 Anticipatory Features and Evolutionary Clauses

Proposition 4.1. The subhamiltonian Hv : (WKM t., WPt,t) is provided with
anticipatory properties.
Proof. Let for example a situation of threat be perceived: first the individual evaluates
the various possible endpoints: this doing, he forms mental images anticipating over a
future situation. Then he adjusts his action on a decision depending on these
anticipatory speculations. Further, he will eventually readjust his action to an
intermediate reevaluation of the endpoint. This case exactly describes an
hyperincursive property, in the sense of Dubois (1998) [10] of the hamiltonian, at both
kinetic and potential levels .

The connection of the potential to the kinetic components of the cellular
hamiltonians is subjected to a conditron rvhich can be stated as follows.
Theorem 4.1. The evolution of organisms involves a force defined by a potential
variation under a clause of continuitv rvhich implies a correlation between the stability
of DNA and the functionality of coded proteins.
Proof. Let G:[E,IF] be the space of the cellular genome: E:{Eer, Eintr, Eatt}.for
respective sets of exons, introns and altered material (from mutations, clastogenicity,
etc.). Let S:{F,.1-m} be the space of protein structures of the living organism, with
F:{Fq @, Far,} for functional, empt-v and altered forms as the range of E from a
mapping / of E into F: "f e(le). For any gene succession xl, x2 e E, with xi:x(ti), there
corresponds /(x1), /(x2) e F. When distance d(xl,x2) is lower than an integer n (n is a
number of aminoacid residues changes), there exists an integer e (e is a number of
elementary biochemical operations, like a number of mols of substrate transformed by
time unit) such that d(/(xl), l$2)) is lower than e. This provides / with continuity.

Now, suppose there exists some x3 e E such that /(x3) . Fan. One always have in E
for any n some p such that min dist(xl,x3)<n implies min dist(xl,x3) 5 p In the
functional range of F, one has min dist(/(xl ),/(x3)) > min dist(/(xl),/(x2))

In effect: take for dis(A,B) the topological distance A(A,B) : Ca,,s(AôB), with C
denoting the complementary operation. Then, dist(Fes, x2):Cp"r(x2) c Fer. ln contrast
dist(Fe*, x3):Cp"r(x3): x3 u.,Fex. Therefore dist(Fes, û) cdist(Fex, x3). Finally, for
any p there exists some e such that:
min dist(xl,x3) S p => min dist(/(xl),/(x3)) > e. Similarly rux dis(/(xl),/(x3)) >
diam(Fer) while for any n there still exists some p such that max dist(x1,x3)Sn implies
max dist(xl,x3) S p. Thus continuiqv would not be respected and F could be filled with
structures devoid of functionality.

Accordingly, cellular functionality is provided iff stable DNA codes for functional
proteins. QED
Remark 4.1. Function,fF,. : Ee* i+ Fm is a restriction of / into F..

5 About Distribution of Individual Hamiltonians

The relationships between the hamiltonians of individual systems within the global
ecosystem are distributed in time and space. How hamiltonians of individual



components of a system are composed into the hamiltonian of the complete system
deserves special attention. In effect, this point determines the way through which the
organization of the full system can reach its optimum, by analysis of extrema of the
various forms of action. Here, the interaction can be conservative. not its members.
Definitions 5.1.1. Denote by X:{A,B,Q} the set of species, habitat and resources,
respectively. The global ecosystem is a space of magmas [4] E:{(X), (<D)}, where (<D)
is a functional. Call (o) and (J-) two kinds of mappings connecting hamiltonians H(xi)
and H(x.i) for any two members of (X) and (Ta) the family of mappings from (I) to
some (O). Call (<p) the specific kind of relationship which maps two components H(xi)
and H(t) contained in H{(xi), (x1)} Let H[(x) v (xi)]r+g[H(n), H(t)] be a function
(approximated as H(x) v H(x.;) in Sections 6.1 and 6.4). Note that dH(x)lO, dH(xr)+O
during interaction, with dH(x. xj)=0 for <p(x,x1)c{x,x1}c(X)c(E)c( etc.).

Repartition functions win be denoted by F and distribution functions by l.
Theorem 5.1.2. Hamiltonians of individual components of a invariant pair in a system
with higher order of complexity are mapped by non-linear convolutionJike functions.
Proof. For continued variables, let H(z) : <p(H(xi), H(xr)) Then[22]:

î
F(H(z) : J /ts(ol, H(xi))dF{xi.dHx; (5a)

g(H(x,).H(xj)) c H lx.ril )
while for discrete variables one rvould have the following distribution of probabilities
P: 

ke(X)

P(<p(H(x), H(x;))): u P{(a(H(xi):k) n (<p(H(x1)):Cx gtHtnil)} (5b)
ke6

where Co(B) denotes the complementary of B in A, also denoted by ArB.
Reducing relations (5a,b) to the particular case where one rvould simply write:

q(H(>r'), H(z)):(H(x) + H(x)) would give for a discrete variable:

P(H(x,)+H(xj)) : I  {p(rm:k)n(Hxi:Ftz-k) l  (6a)
k=0

and for a continuous variable the repartition function:
+æ

I
F(Hzi FJ /(Hxi ). F(Hz-Hxi)dHxi

-oo

that is also the distribution, with commutativitv between Hx and Hxl:
+O

I

f (Hzi): ! f (Hxil. f (Hz-Hx)dHxi
_co

which denotes the convolution /(Hxi)*/(Hx.;).

(6b)

(6c)

This allows an extension of the general case of the functional (<D). In effect: let i and
j be indexed on Card(X), k be indexed on a spatial distribution within any of Poincaré

t0



sections (S.r) ofthe ordered sequence {S}n, and L be indexed on the sequence (net,).
Then, the mappings of (<D) are involved in the following two expressions :

( (6x111(Hxi))1q: Tr.r ((FIx) oL (Hxi))r

\t (uxl fk (Hr))k+p: Tlr ((Hx) ok Glxi))r
that is, by gathering (7a) and (7b) into one single form:

((ttx) ttL-tl (Hxj))1r,*q-(K*p): TL*kr (GIx) orl*tl (Hxj))p-r;

(7a)

(7b)

(8)
which denotes a nonlinear generalized convolution in the sense of Bolivar-Toledo et al
(1e85)  [1 ] . (QED)

A simplified form of this general formalism will be tentatively proposed in Section
6.4. Now, some preliminary consideration should be added about the area of validity of
these functionals, that is on the boundaries of the system.
Ilefinitions 5.2.1. We will call "canonic functions" the conditions for the functionality
of ecosysæms which apply to all members as equivalence relations or in a commutative
way (which includes the Abelian groups for all binary relations operating with relevant
kinds of mappings). Examples are the founding conditions [5] of continuity,
complementarity and mutualism.

We will call "specific fimctions" those which connect interspecific relations as order
relations. An example is the relation "feeding on" in predator-to-prey relations.
Propxition 53J. The domain of the convolution of hamiltonian functions [equation
(8)] belonp to the set of canonical functions, and its range belongs to the complete
system of canonical plus specific fimctions.

How specific firnctions are involved will be rnatter of further developments. All
these results provide a perspective for further exploration of relationships connecting
hamiltonian components of the hamiltonian of a system within a invariant globality.

6 Some Biological Implications

6.1 Contribution of the Intellectual Component

Call Ha the hamiltonian of the individual part of a living organism A, and HE that of
the Earth (E). Interactions (dE) include the input of energy and matter from E to A, say
:re, and the output from A of non-used components (w) to E. The difference (xe\w)
actually represents the part of He transfered to Ha. Hence, w stands for a xenobiotic
component to A:

ÉIanHe=Co(w) (e)
Denot€ by ,D s device, an invention or a discovery whose knowledge is able to

produce some available amount of energy: Eq>. Let A be a teacher and B his pupil. The
transfer of Eo from A to B involves a weak amount of energy (Eo), namely some
biochemical energy for brain connections, speaking and/or writing on the blackboard,
and writing on a paper. In contrast, the knowledge associated with Eo may allow B to
save a comparatively much greater amount of enerry F(E,o). Suppose that in turn B
brings back some help to A thanks to the same knowledge, with or without the
incorporation of a weak supplement (E'a). Then, the hamiltonians of A and B become:

l l



(Ha)t : (Ha)o w H(Eo r., Eo ) as from Definitions 5.1.1
(Hu)t : (Ht)o u,H(Eo u Eo w Eo )

(10a)
(10b)

This can be illustrated by the following examples. A teacher explains to his pupil the
principle of Archimedes' lever: Thereafter the student's potential capability of
producing work is considerably increased, while the intersection of the teache/s and the
pupil's hamiltonians is reduced to a weak amount of kinetic energy. Skilled worker
honeybees teach young adults how to find the shorter way to a nectar source: this saves
a long flight and a huge energy amount that would have been needed otherwise to the
young, to search for the nectar without guiding information. Birds teach their progeny a
correct song: this implies less energy than training them for flight, but withot$ this
singing capability, the progeny may not be able to mate and its potential component for
further adaptation is reduced to about zero.

6.2 Role of the Extra-Cellular Matrix in Pluricellulrr Organisns

In a single cell molecules are moving, binding and transforming into one another.
The hamiltonian of an enzymic system is composed of the kinetic energy of the enzyme
and of the substrate, and the potential energy of their interaction. The hamiltonian of
the cell contains the hamiltonians of the components contained in this cell in addition
to the global kinetic component of the cell, for instance when it is moving like a blood
cell.

Now, the cells composing tissues and organs are cormected together and maintained
in proper position thanks to the extracellular matrix (ECM) , a network of proteoglycan
polymers and structural glycoproteins, which surrounds these organs and tissues [17].
However, the energy demand of the ECM must be lower than that of the fimctional
cells, otherwise vital functions could not be fueled with the nseded energy. This is the
case for adhesion molecules at synaptic junction [25], with consequerrces at intellectual
level, or for scavenging properties facilitating the rernoval of xenobiotic components
trzl.

The major components of the hamiltonian of complete systems (ftrll organs gathered
in apparatus) include the hamiltonians of containd subparts.

6.3 Ecosystem Hamiltonian and Ecological Constraints

Proposition 6.3.1. The trace of the macroscopic wave function of a ecosystem in the
sequence {Si} of Poincaré sections stands for the historical of the ecosystem.

In effect, the state and fate of an ecosystem are determined by the nonlinear
sequence of its former states, i.e. its "historic" [6]. This means that at this stage,
causalit_v factors are not confined in one initial state. Instead, they are determined by a
complete dynamical trajectory which essentially represents the trace of the global wave
function of the system in the embedding 4-space.
Proposition 6.3.2. lnterspecific competition alters the potential component of the
hamiltonian of a complex system.
Proof. Former works have demonstrated that the topological properties of ecosystems
impose that their evolution towards optimum states is founded on continuity,

l 2



complementarity of species with regard to utilization of habitat and resources, and on
mutualism [5]. This predicts that ecological competition may result in a degradation of
the hamiltonian of an ecosystem. Here, the potential component (!VPl), involving the
interactions resulting in hatching, food search, etc. may be adversely altered and in turn
affect (WP2). This has just been experimentally verified in a mesocosm containing
frogs in presence of toxicants and submitted to interspecific competition [7].
Proposition 6.3.3. Evolution must orient species to an increased level oi adaptability to
environmental changes, thus to sustained increase of diversity.
Proof. Consider the manifold of phyla (Y: {E,ry)) with (E) denoting all living species,
and that of niches (V:{(B,R), J-y), in which we include habitat (B) and resources (R).
The optimalization of the global ecosystem functioning imposes that evolution should
drive to a bijective state of a sequence of mappings {O}:

Convergence {Oi : (C)gp6*,oo). max{B,Rl r-+ max{E} ( l l )
ln effect: (i) Biotopes and resources are subjected to geophysical variation which

occur over both short and long periods (like a meteor impact, a fire. a tornado, versus a
glaciation and other vast climatic changes). These changes are contra-adaptative with
respect to living populations. Therefore, biologv has to readapt. Since a rapid and
sufficiently lasting change may kill a specie, an absolute condition is that that species
develop a genetical preadaptation to future changes of their ecosystem's sfuctures, so
that some strains can survive dramatic events and start new phyla [5]. This imposes an
anticipatory condition. Suppose that a phylum (Ea) evolves into a lesser adaptable
strain (Eai). Then, follorving the next change in the ecosystem slructure, there will exist
biotopes (B*) to which species of (Eai) will not be adapted. This introduces a
discontinuity, which has been shown 1o sr.r'itch the ecosystem's evolution to a
degenerative phase.

(ii) Biological evolution continuously produces nerv species, and since living species
contribute to changing the ecosystems structures, then the adaptability of biological
phyla should grow exponentially in such a way that the potential component of the
hamiltonian of living species keeps bijectively mapped with the hamiltonian of the
milieu which provides these hamiltonians with the resources needed to switch their
pot€ntial part to the kinetic forms: in effects, only the kinetic component allows a
specie to actually get the resources available in their niches and warrant the further
evolutionary adaptation of the phylum.

Altemate injections and su{ections should finally overlap to a final bijective state.
This proposition fulfils the same type of continuity as above and appears as a

corollary of Theorem 4.1. Its implications support recent conjectures about the
evolvability of evolution [l3], [8] and observations about evolutionary factors
enhancing genomic variation in E. Coli [24].

6.4 About Biological Engineering

Proposition 6.4.1. Ecosystem components must have hamiltonian properties that order
themselves in the sense of the laws leading to optimization, namely continuity,
complementarity and mutualism, otherwise they degenerate and may disappear. Thus

l 3



the hamiltonian of an ecosystem components is at least partly determined by the rules
governing the organization of the evolution of the whole. On the other han{ the
embedding ecosystem provides each individual, clone and phylum with the resources
needed for sustaining the metabolic turnever supporting their existence and evolution.
Proposition 6.4.2. Conservativity of the embedding system imposes that engineering
for a change to the hamiltonian state of a initially balanced situation results in a
counterpart at the expenses of some components of the system.
Proof. Let A be an organism, with {WKx, WPx} the hamiltonian component
concerning its mass production (cellular growth), and {WKy, WPy} the component
associated with its immune function (resistance to adverse factors and detoxification).
Call Ft11' the part of Ha corresponding with this set of functions. This quantity if fixed
by the interactions with the ecosystem, within the limits of the hamiltonian of Earth
(FIr), which is fueled essentially by a determined flow of radiation and gravity. In first
analysis, one can write:

Ftrr : (WKx w WPx) u,(WKy w WPy) from Definitions 5.1.1, i.e. also:
Hlq)-: (WKx r.,WKy) u., (WPx u WPy) (r2)
Each term is constant over a short time interval (dt) and function of FIs over a longer

interval, that is: H*r($: /(HE(t)) Let us examine these two possibilities.
(i) In the first case, one has Hx-1 - C, a constant. Therefore, if specie A is engineered for
increase of mass production by Â(Ftx), then its components will be rearranged by an
equivalent quantity:

H%] :(WKex w WPex) v (WKey v WPey) I [*.
: (WKx v WPx u Â(Ftx)) w (WKey..,WPey ) (13)

that is, upon an energetic equivalence Â(Hx) = O(H1):

(WKl r-, WPey ) : (WKy w (WPy \ O(H] )), i.e. (sign \ denoting complanentarity):

Hq:r[ '\o(H,-) (14)
The symmetric process can be written for an engineering to resistance, In these two

cases, one imp'rovement for mass or resistance is got at the expense of resistance or
mass. Let now the case ofan engineering for both production and resistance, by factor
^(Fk.).). Then, similarly, the result will be obtained in counterpart of a change Â(He )
occuring in (FIr), that is at the expense of other components, that is either species, or
habitat or resources.
(ii). Over (t), the part of resistance after engineering is: Her'(t) : F{.(t) \ A(Hx) following

(la), that is: Hït): /Hs-'- \ Â(Hr), where /Hg'. denotes the contribution in equivalent

of resistance factors provided by the Earth, and Â(H*) still the gain in productivity.
The resistance factor (Hv) is a function of both production (through biochemical

pathways) and resistance (through molecular specificities), and A(fL) is gotten from the
planetyary ecosystem to which the specie belongs. Let A(H'r) be the portion drawn from
the Earth's surrounding resources and /(He.r(t)) the contribution of the Earth. Then:

H.': /(Hery{t)) \ A(H'x) (15)

so that the resistance component after engineering (Hev(t) can be expressed as follows:
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I assuming H"{t) is constant
(He(|: I /(HE-/|) \ o(Hy) or:

l/(Hs.(r)\A(Hx) (16)

where O(Hy) is the equivalent in resistance of A(lL).
These relations suggest that either the resistance ofthe terrestrian ecosystem or the

services it can provide would be proportionally reduced. Lastly, suppose that H6o{t)
can be made constant by some way: then, the corresponding component would be
drawn from the radiation and gravity of the solar system, and so on up to higher scales.

This counterpart is usually ignored in the present form ofexternalized economy, but
it emerges in terms of damage to the global life-support system, energy consumption,
waste accumulation, disease progression, and increased pressure of altemative pests
resulting in increased pressure of pollution, though in alternative forms.

7 Discussion ând Conclusions

The above corsiderations firs allow to come back to the still unsolved question of
the identification of the natne and specificity of life. Obviously, the presence or
absence ofa brain is not a crit€rion, since unicellulars are living nor is the faculty of
reprodtrction since for instance a senior scientist is still living and able to enrich the
potential part of the hamiltonian of human societies, though he is no longer reproducing
himself in the genetic sense. lrt us review the two cases.

In organisms with brain, the living system is able to construct mental images with
anticipative properties. It can thus oonfront a ne\il situation with its panoply of images,
and finally take a decision The latter therefore stands as an intermediate parameter
playng an essential prt between the intention (a member of potential component,
sometimes founded on abstact mental im4ges) and the action (a member of the kinetic
component). Fnrttrerrmre, decision is adaptative in a sense that cannot be predicted
through any algorithmic logics. For instance, it can be neural or even suicidal. The
læter case sometimes correspords to a fitting of brain receptors to a increasingly
stessfrrl siûntion, and therefore, this is also a particular - though fatal - case of an
adaptation. In all of these sinratiorq &€ mood of the concemed organism (determined
by cortex to amygdala interactive analysis of perceptions) in connected to a form of
adaptation: but its peculiarity is that the det€rminism eventually imposed by the
emotional component escapes formal predictibility. Such elements as abstract mental
funaging, emotional factor in decision taking meet with a definition of life proposed
long ago by Pirie, namely that a living organism should be "sometimes doing
something". Incidentally, Since the emotional factor is constructed on perceptive
mental images, it involves the potential component of the hamiltonian and thus also the
evolutionary factor. Then it can be proposed that the Darwin hypothesis about the
relation of emotional expression and evolution gets some logical support, without need
for introducing factor chance as a motor of evolution. Interestingly, recent experimental
data in cardiopulmonary physiolory have been interpreted in a related sense [19].

In organisms without a brain, the psychological component is apparently absent from
the potential member of the hamiltonian. This means that the ability of taking of a

l 5



decision in conformity with, or against the sense of, adaptativity to the environment
will be missing. However: (i) two other adaptative components are maintained. One is
the genetical fitting, which still is able to prepare a reservoir of diversity in which
adaptation to future situation will possibly subsist, though unconsciously to the
concerned organism. The other is the molecular component which is potentially
prepared to allow enzymes and receptors to regulate extrerne situations by cooperative
interactions, feedback processes, biphasic responses and other biochemically structural
processes. (ii) sensory or sensoryJike orgirns are present in lower organisms (e.9.
ciliates). This suggests the possibility that they can produce feedback loops with some
similarity of effect with those of mental imaging in higher animals [6].

Altemative structures in lower organisms might thus meet with the fixed point
condition which is fulfilled in brain by convergence of sequences of neuronal
configurations, and provide decision{ased autonomy. Taken together, these elements
provide some rationale for a further identification to the threshold between life and the
so+alled inert world. Preadaptation to unexpected situations is a common feature,
while consciousness of this fitting is what differentiates higher forms of life from
advanced computer devices. Thus the frontier remains rather fitzy, especially if one
considers that computers have been created by humans like a new phylum. This has
been well emphasized by researches about a possible fision of human and computer
complementarities in an anticipatory searchlight approach [l]. Thus, identiffing ûrc
possibility of an equivalent of consciousness of perceptions in living organisms without
brain would be the next challenge before the question can reach an.!nsw€r.

The objectives of the present work were limited to a preliminary exploration of the
conditions for assessment of the hamiltonian of complete biological systems through
conservativity features. Several points emerged from this study. (i) Life must be
considered through its continuum, which connects individual organisms to their
progeny and to their genitors, tlnough various numbers of generations, and clones to
their corresponding phyla. (ii) The bio-hamiltonian possesses anticipatory properties.
(iii) Part of the bio-hamiltonian is drawn by operator functions which corwert potential
components into kinetic forms. (iv) The contribution of bio-hamiltonian features to the
understanding of biological evolution clarifies the nature of its driving force, nanely an
adjustment to extemal conditions: sequence {g(ti)i.r} is embedded in {Sj}is such that
lcJ and i<j. This imposes a correlative stability of the genome and of its expressed
functional structures, which denotes a nonrandom evolutionary process, where the
environment hamiltonian is embedding the specific hamiltonian component of the
concerned living organism. (v) Intellectual components stand as integnl prts of the
bio-hamiltonian: the hamiltonian of Archimedes having the idea of the lever is
equivalent with that of the system composed of Archimedes before the idea" plus the
hamiltonians of the lever and of the point of appui. (vi) the concept of bio-hamiltonian
may shed some light on the question of identification of the threshold, if any, between
living and nonliving systems: higher forms of life could be characterized by a less
deterministic way of decision making, based on the capacity of anticipatory abstract
mental imaging by the brain or by systems playing a similar part in brainless organisms.
In lower forms the capability of facing new situations is more tightly connected to the
genomic variability as an anticipatory component. These features meet with the
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characteristics of living systems pointed out by Schwarz (2001 ) [23], in terms of history
and teleonomic organization.

Relation (8) opens the possibility of calculation of minima of action applying to a
complex system. As it stands, this formalism emphasizes the absence of prèàôminance
of a component over any other, which raises an alternative way for the former
demonstration of the conditions of continuity, complementarity and mutualism which
characterize the evolution of an ecosvstem towards optimum states [5]. All terms of the
bio-hamiltonian are calculable, including the potential terms as net gain or loss of
ecosystem's resources versus waste release and fate. Since the kinetic term is dependent
on the potential term, a characteristic of a bio-lagrangtan is that it could be essentially
negative. An application of this point can be found in the problems raised by ttre
extemalization of industrial activities [8]: when industries do not take into account the
consequences of their activities at all levels of interaction with the rest of the planetary
ecosystems in the cost of their productions, then nearly insolvable problems appear
-after.-a period of apparent profits. Evolution is inseparable from the planetary 

"cosyitetnhamiltonian, so that expectations from artificial selection technologies are sirictly
bounded. Furthermore, commonly used concepts, like "undesirable species", or "speciei
with priority in the use of the planetary resources" must be revisited.
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