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Abstract

The adoption of diffuse rationality creates a practical bridge between biosemiotics and computation in formulating
local-to-global self-consistent criteria for cellular-to-tissue interfacing and for the emergence of life and consciousness.
Nature is always complex, the more so at biological membranic inter-scalar interfaces. We present an evolutionary
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alternating complex–rational–complex nature. © 2000 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction

The description of natural processes as forms of
computation goes far beyond the attribution to
evolution and change of a conventional mathe-
matical algorithmic character. Algorithmic ap-
proaches not only fail to be complete (Gödel,
1962), but also somewhat paradoxically fail to
describe successfully the rationally incomplete na-
ture of much of natural change as we experience
it. To be successful, an overall self-consistent de-
scription of biological relationships must be
grounded in a framework which encompasses far
more than any con6entional formal system. This is
not to say that a general form of evolution cannot

be captured by formalism, but that a major
change in the nature of the formalisms we employ
will be necessary to do so.

Cell-to-tissue closure is most certainly non-al-
gorithmic in nature, and consequently it is not
directly accessible to computer modeling, at least
not currently through the use of conventional
homogeneous logic or conventional computers.
We believe, however, that it is describable as
being computational in nature, in a far wider
sense of meaning of the word ‘computation’. Im-
provement in precisely this aspect of computa-
tional accessibility, through the development of a
suitable inhomogeneous hierarchical rationality, is
a main thrust of the present work. Conventional
science is founded on paradigms derived mainly
from the realm of physics rather than that of
biology, although there is a growing movement
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away from the presupposition that biology can
be simplistically reduced to physics and chem-
istry. Concurrently, since a number of decades,
there is a developing realization that much can
be gained by introducing the formalizations and
implications of semiotics into biological descrip-
tions, with the consequent emphasis not only on
syntactical but also on semantic aspects of or-
ganisms and their sub-systems.

The aim of the investigation reported in this
paper is the extension of evolutionary biosemi-
otic approaches to all aspects of our surround-
ings in a unified manner, from the animate to
the inanimate, and beyond. The specific target
of the paper is to describe a self-consistent
framework within which the presence of evolu-
tion and complexity mirror their natural appear-
ances, and where the closure of computational
relationships between cell, tissue and organism
may be confidently grounded. Rather than di-
viding the scheme conventionally into a system-
atically-coupled hierarchy of rationality,
paradigm and model, we integrate all these
facets into a single complexly-coupled hierarchi-
cal integrated real-to-model ‘structure’ which
transcends Rosen’s (1991) (Mikulecky, 1999a)
modeling relation. All of nature may be complex
(Mikulecky, 1999b), but we find that the simple
models which we derive in ‘explaining’ natural
phenomena are direct matches to those simple
entities which nature itself formulates as stabiliz-
ing local approximates to a complex universal
background phase space.

2. Initial criteria

We start from a number of bluntly stated ini-
tial criteria which are all more or less evident or
disputable! This is in any case not a sufficient
list, but certainly encompasses a number of nec-
essary conditions for the framework we will de-
scribe. These criteria appear to be sufficiently
portrayed for the conceptual level we wish to
apply, but it is evident that the view from a less
humanly-scaled starting point may be quite dif-
ferent. Evolution is adept at scavenging estab-
lished functional characteristics from previous

generations, and re-using them for quite a dif-
ferent purpose.

‘‘What serves for thermoregulation is re-
adapted for gliding; what was part of the jaw
becomes a sound receiver; guts are used as
lungs and fins turn into shovels. Whatever hap-
pens to be at hand is made use of.’’ (Sigmund,
1993).

We must consequently be very prudent in at-
tributing temporally ‘permanent’ natures to spe-
cific characteristics of evolution or of its drives:
the commonly cited evolutionary goal of sur6i6al
is conceivably the evolutionary product of some
precursory evolutionary system, as is evolution
itself as we know it.

As a starting point, we will make an albeit
approximate distinction between simple, compli-
cated, and complex as we will use the words. By
simple we will mean ‘quick and easy to com-
pute’ and by complicated we mean ‘computable,
but slow and inconvenient to do so’. Complex is
quite another beast! Edmonds and Mikulecky
have both provided rather nice definitions of
complexity, some mutation of which we would
provisionally accept, namely…

‘‘(Complexity is) that property of a language
expression which makes it difficult to formulate
its overall behavior even when given almost
complete information about its atomic compo-
nents and their inter-relations.’’ (Edmonds,
1996),

and

‘‘Complexity is the property of a real world
system that is manifest in the inability of any
one formalism being adequate to capture all its
properties. It requires that we find distinctly
different ways of interacting with systems. Dis-
tinctly different in the sense that when we make
successful models, the formal systems needed to
describe each distinct aspect are NOT derivable
from each other.’’ (Mikulecky, 1999b).
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Gell-Man’s (1994) comment that ‘‘Any defini-
tion of complexity is context-dependent, even sub-
jective.’’ also certainly deserves to occupy an
important place.

Nature exists in a self-consistent coherent form,
whose apparent diversity is not only related to its
own historical development, but also to the in-
sufficiency of our current understanding, which is
itself an incompletely evolved relationship. All of
nature’s recognizable differentiated features are
related to evolved or emerged signs which mirror
in some simple, complicated or complex way its
genesis. Natural diversity provides us with count-
less clues to its underlying unity.

As soon as we evoke a segregated parametric
description of nature, we are locked into a scheme
of multiple complementarities. Electronic nature,
for example, requires extended (wave) and singu-
lar (particulate) representations. Differentiation
between entities requires not only localization, but
also nonlocality. All the ‘phenomena’ associated
with the framework we will describe exist in
analogously complementary forms: wave and
photonic optics; diffuse and scale fractalities;
analog and digital complexities; quantum and lin-
ear superpositions; internal and external view-
points… the list is endless, or rather
all-encompassing.

However, there are two common features of
these complementarities. Firstly, their dimensional
extremes are both outside our reality (e.g. per-
fectly localized photons and single frequency opti-
cal waves). Consequently, the complementarity is
only ‘real’ if there are observable intermediate
conditions (an apposite example is that of the
wide range of partially-particulate partially-ex-
tended photonic characters measured by Mittel-
staedt et al., 1987). Secondly, the region between
complementary extremes exhibits complicated
structure which invokes complexity as a diffuse
coupling medium between less diffuse semiotic
entities (yes, even for complexity itself!).

Each complementarity is a reduced ‘model’ of a
more general picture, which exhibits an at least
conceptually-continuous bi-directionally-coupled
transitional region between high-dimensional dif-
fuseness and lower-dimensional definition. For
example, ‘deterministic’ chaos is the low-

dimensional appearance of a higher-dimensional
‘causal’ chaos, where each exists near one extrem-
ity of a continuous transition scheme operating
between determinism and indeterminism.

In any hierarchical system we must be very
careful about the rationality we transfer from one
hierarchical level to another. In a systematically-
rational hierarchy this is not an issue, as rational-
ity is consistent whether it is imposed in a
top-down, bottom-up, or even inside-out manner!
Such is not the case in a complementarity-based
hierarchy, where the dimensional extremes are
naturally rationally inconsistent, and it is very
easy to inadvertently employ an insufficient ratio-
nality when going between hierarchical levels, es-
pecially in top-down descriptions. The distinction
between analog and digital systems that they are
‘completely different’ is a good example, as the
digital nature of ‘completely different’ is insuffi-
cient to describe the lower hierarchical level which
includes not only digital but also analog. More to
the point, any attempt to describe simple and
complex as being ‘disjoint categories’ (Mikulecky,
1999b) is subject to the same failing! In our
framework, simple and complex turn out to have
a diversity of interrelated meanings. It should
however be noticed that this kind of apparently
erroneous rationality is fundamental to the stabi-
lization of simple local approximates to a complex
phase space and to the development of simply-
computable internal representations or signs in a
survivalist context. The corresponding compres-
sion of information associated with ‘natural’ re-
ductionism is at the very heart of evolution.

At the basis of the hierarchical framework we
suggest lies the idea of perceptional scale. By scale
we refer to far more than size, in that it is more
the perceptional access to one descriptive frame
from another which characterizes scale. It is possi-
ble to obtain photographs of single atoms in
specific circumstances, but not directly via our
own perceptional mechanisms. To ‘believe’ that
these photographs are in fact of single atoms, we
make use of an associated transit through a num-
ber of different independent modeling relation-
ships, culminating in the scattering relations
attributed to the wave characteristics of quantized
entities! Acceptance of the validity of this chain of
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models corresponds to the presupposition of a
systematically-rational scale hierarchy, and is con-
sequently self-fulfilling in the word ‘believe’. Not
that this is evidence that an atom does not exist as
a localized entity, just that we must be very
careful what we infer from its photograph, which
appears more to support the Thompson plum-
pudding model of an atom rather than a quan-
tum-mechanical one.

To be a little more precise, the justifiable use of
a scale hierarchy of this kind depends fundamen-
tally on the relationship between the degree of
observational definition of a system which we can
obtain and the degree to which the character we
observe depends on that system’s distance from
equilibrium in terms of the time scale of our
observation. We suggest that the phenomenon of
scale is only relevant in a non-rationally-hierarchi-
cal framework, where it is directly related to
differences in observational capacity which exist
between specific pairings of locally metastatic
phase space approximates (Cottam et al., 1998a).

The stability of a living entity depends on its
relations with its surroundings. To remain viable
in a difficult environment it must be at least to
some extent isolated from it. However, complete
isolation is at the very least inefficient, as the
entity will lose advantages it can gain from its
environment. Consequently, it is likely that the
most useful mode of operation is one of partial
enclosure, or of limited autonomy. In any case, if
the entity tries to cut itself off completely from its
environment it will lack any means of reaction or
defense against external threats; and in any case a
lower limit to its isolationist capacity will be
imposed by the relations characterized by inani-
mate physical science. An important class of rela-
tionships with the environment consists of process
closures, where the entity has developed depen-
dent relationships with its environment through
the acceptance of external sources for internal
requirements. The classic form of process closure
is that of the hunger–hunt–kill–eat–satisfaction
loop associated with carnivores.

The possibility of environmental change im-
poses yet more constraints on a survival-oriented
entity. If it restricts its external contacts to those
necessitated by its partial ceding of autonomy

through process closures, it will be yet again
effectively isolated, but now with respect to
change, and will lack the capability to adapt to
altering conditions. The obvious solution to this
deficiency is to develop a less directed exposure to
the environment, particularly with respect to con-
textual aspects which appear currently irrele6ant.
This can provide a pool of information to support
future reactive innovation. It has been suggested
that this argument provides justification for the
presence of large quantities of apparently ineffec-
tive or redundant information in the genome
(Root-Bernstein and Dillon, 1997). In even more
general terms, any universally-embedded entity
must be exposed to its local environment and
indirectly to the universal phase space to maintain
its temporal stability (Cottam et al., 1998a).

Another major problem we must confront is
that of confusion between internalist and external-
ist representations in a non-systematically-rational
hierarchy. Unfortunately, this kind of transposi-
tion will be to some extent unavoidable in a
condensed treatment of the subject, and for cur-
rent purposes we will merely attempt to reduce its
import.

3. Evolution, symmetry and emergence

The modification of Darwinian evolution in the
manner proposed by Szamosi (1986) leads to the
development of a consistent universal nature for
evolution across a wide range of temporal and
spatial scales. Szamosi has proposed the co-evolu-
tion of entities along with the dimensions within
which they are embedded. Most specifically with
respect to living organisms, we can extend this
description by specifying that the most objec-
tivized and therefore the most closely co-evolving
dimensions will be those within which an organ-
ism is the most fragile. If highly multi-dimen-
sional interactions can be approximated by simple
linear first order parametric equations, then sur-
vival-oriented predictive information processing
in temporally demanding environments has more
chance of success. This kind of selective objec-
tivization of descriptive dimensions corresponds
to the separating-out of a small number of mutu-
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ally orthogonal approximating dimensions from
an initially large complex of mutually-interacting
ones. If we go far enough back into the Darwin–
Szamosi evolutionary record, it ultimately reduces
to the symmetry-breaking more esoterically con-
nected with the development of elementary parti-
cles in the Big Bang theory of the origin of the
universe. Selective objectivization enhances sur-
vivalist computation in a competitive environment
(Cottam et al., 1995, 1998b), and in the absence of
the presupposition that inanimate and living enti-
ties are fundamentally different, this criterion ap-
plies to all entities (Cottam et al., 1998c).

Not only does the path from Big Bang to
biological development map the evolution of evo-
lution itself, but there is much to gain by re-inter-
preting evolution itself as a symmetry-breaking
(Cottam et al., 1999c). Maintenance of the inde-
pendence of operation of living entities depends
on selective segregation of autonomous functions
in a non-systematically-rational hierarchical archi-
tecture. Collier (1999) suggests that the brain
gains informational autonomy by ceding biologi-
cal autonomy. This itself may be described as a
form of symmetry-breaking in the domain of au-
tonomy. A secondary consequence of this line of
argument is its inverse, namely that the early
symmetry-breaking which gave birth to elemen-
tary particles was related to a similar kind of
gain-loss autonomy exchange. In this context, if
we remove the fundamental distinction between
living and inanimate, then we should treat embed-
ding dimensions on the same footing as embedded
entities, and in this absence of a separation be-
tween the living and the inanimate it is tempting
to attribute animate nature to embedding dimen-
sions themselves.

The establishment of an evolutionary non-sys-
tematically-rational hierarchical system corre-
sponds closely to the ideas of quantum mechanics,
albeit at a much higher-dimensional level. Its
ground state corresponds to the description of an
entity as being inanimate, and higher states corre-
spond to higher animate levels. In its most general
form, it provides a framework within which we
can embed life and consciousness, (Cottam et al.,
1998a). To be more explicit, the hierarchy we
describe is generic for other hierarchies, including

quantum mechanical energy structures, which are
its low dimensional derivatives. In this framework
there is no fundamental difference between local-
izations of all kinds, from quantum quasi-parti-
cles to perceptions to living entities, and all of
these constitute metastates whose appearance
obeys a consistent set of rules of emergence (Cot-
tam et al., 1998a).

Careful consideration of the implications of
generalized evolution in a non-systematically-ra-
tional hierarchy indicates that the processes of
emergence of new entities, species or hierarchical
levels all coincide with a single description which
is related to the maintenance of stability of local-
ized entities in a universal context (Cottam et al.,
1998a). A consequence of the relativistic partial
isolation necessarily associated with emergence in
a causal domain (Prigogine and Stengers, 1984;
Cottam et al., 1998b) is that all entities are nomi-
nally ephemeral, in that continual correlation with
the universal ‘backplane’ is a necessary con-
stituent of their temporal stability. Very simplisti-
cally, in quasi-causal terms, we can imagine this
correlation as a sequence of operations. First, the
local stability criteria supporting an entity’s exis-
tence become temporally degraded, then the entity
decays back into nonlocality, then a new entity
emerges, which can now be temporally sustained
because the local conditions have been modified
through global correlation associated with the
initial entity’s disappearance.

Spatial transit of an entity will now correspond
to a sequence of locally-conditional decays and
nearby re-emergences, and a spatial trajectory
consists of a sequence of discrete points at which
the entity emerges and re-decays, rather than a
continuous linear spatial movement. Any consid-
eration of continuity of identity for an entity is
now irrelevant, as even a spatially static entity
continually disappears into the ‘nonidentity’ of
nonlocality and re-emerges, and distinction be-
tween the members of a closely-associated quasi-
particle assembly is nonexistent, in a manner
consistent with quantum-mechanical ideas. The
converse of this process of stabilization-by-re-
emergence can be seen in descriptions of the con-
tinual appearance and decay of ephemeral
particles in the vacuum state, and the dependence
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of their stabilization on local conditions, as re-
lated by Hawking (1975) to his prediction of the
emission of energy from the event horizon of
black holes.

In a non-systematically-rational hierarchy the
‘emergent’ part of this process corresponds di-
rectly to the second half of a quantum jump
(Cottam et al., 1998a), and to Peircian processes
of abduction (Taborsky, 1998, 1999a) in a semi-
otic model.

4. A non-systematically-rational hierarchy

We adopt a specification hierarchy related to
that of Salthe (1985) for our framework, rather
than a less complete scale hierarchy, and the
entire hierarchical structure describes a single en-
tity and includes its various scale-consequent de-
scriptions as hierarchical levels of progressively
reducing ‘parametrically’ composed complication.
This corresponds, for example, to describing… a
tree composed of atoms,…, a tree composed of
molecules,…, a tree composed of cells,…, a tree
composed of branches,…, culminating in a tree as
‘existing’, or a similar sequence for an atom as an
entity, or for the entire universe as an entity.

Any pair of adjacent levels takes the form of an
order pair. The higher-level description is com-
posed of order parameters derived in a bottom-up
manner from the lower level, and the properties of
members or agents of the lower level are modified
in a top-down manner by sla6ing from above.
‘Transit’ from a lower level to a higher one is
associated with compression of information, as a
natural form of reductionism, and necessarily in-
volves passage through a complex region if the
two levels are not rationally coupled. ‘Transit’
downwards from a higher level will also be irra-
tional, as there is no rational way to map the
higher-level emerged order parameters back onto
the elements from which they were derived. In a
multiply hierarchical structure this correspon-
dence applied to all adjacent level-pairs, and con-
sequently any specific level is subject to both
constitutive influences from its lower neighbor and
slaving from its higher neighbor.

Levels are to a large degree isolated from others
which are farther away than are their nearest
neighbors, and multi-scaled temporal aspects of
inter-level communications globally stabilize the
entire structure whilst still leaving some freedom
for local modification. It is arguable that this is
the fundamental mechanism responsible for the
dynamic stability of any hierarchical structure,
and ultimately for our universe, where relativistic
effects preclude the instantaneous global correla-
tion of all localities (Einstein, 1956; Cottam et al.,
1998a). The relativistic localization of causality
associated with communication restrictions ap-
plies not only at time scales associated with the
speed of light, but at time scales associated with
any locally relevant communication process
(Ahmed and Farre, 1999). This aspect is of funda-
mental importance to the development of biologi-
cal complexity (Cottam et al., 1999c), where
control is often exercised by 6ery slow mecha-
nisms, such as the Ca2+-wave communication
observed by Newman and Zahs (1997) between
adjacent retinal glial cells.

In a systematically-rational hierarchy, every-
thing is coherent in a ‘predetermined’ manner,
‘transit’ between levels is rational, reversible and
‘complete’, and external influences are required to
preclude rational collapse of the hierarchy into a
single level. It is difficult to imagine how evolu-
tion could exist in a structure of this type, or even
how the structure could have other than
ephemeral existence! A non-systematically-ratio-
nal hierarchy, however, exhibits strong asymmetry
between upward and downward transitions
through the hierarchical levels. Higher levels ex-
hibit emergent properties, associated with the de-
velopment of order parameters, which cannot be
rationally predicted uniquely from knowledge of
the properties of lower ones. Lower levels exhibit
an exaggerated homogeneity across their con-
stituent elements, associated with the sla6ing of a
lower level to its next highest neighbor, which is
absent from a single-leveled system.

In a strongly non-systematically-rational hier-
archy, slaving of the constituent elements of a
lower level is defined not only by the next higher
level, but directly or indirectly by influences from
e6ery level higher up. This means that the individ-
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ual constituent elements at a 6ery low level in an
extensive hierarchy will show far more self-simi-
larity than elements at a level nearer to the hier-
archy’s summit. As an example of this, we can
consider the differences in differentiation between
electrons, as low level elements of the biological
hierarchy, and cells, which are much higher up. In
a hypothetical, much earlier, less evolved form of
the universe, the hierarchical level associated with
electrons will have corresponded approximately to
the summit of evolution, and we would expect to
find far more differentiation between indi6idual
electrons, as their degrees of freedom would be far
less slaved into the formal quantum numbers we
now use to represent them. In the extensive hier-
archy within which we are now aware of elec-
trons, they exhibit very little, but very formalized
differentiation. Conversely, biological cells, which
are close to the summit of the biological hierarchy
we now experience, are endowed with an enor-
mous number of ill-formalized degrees of freedom,
and consequently they exhibit a very high degree
of differentiation, even to the extent of developing
hierarchical differentiation, with for example
many quite different kinds of neuron.

A simple pictorial representation of the com-
plete hierarchical scheme is given in Fig. 1. A less
generalized form of the structure corresponds to
the query-reflection arrangement proposed by
Langloh et al. (1993), Cottam et al. (1997a,b,
1999b) for use in survivalist computation, where it
provides differentiation in response speed similar
to that described for neural processing (LeDoux,
1992) and for sensory nerve communication
(Wall, 1999). In Fig. 1, approximate rational
Newtonian potential wells alternate with complex
transitional regions. The basic global complemen-
tarity is of nonlocality at the left and localization
at the right of the figure, and successive pairings
of complexity and rationality form subjugate local
complementarities. Nonlocality corresponds to
perfect communication, and localization to the
perfect isolation of formal rationality, so the gen-
eral form of the horizontal axis is one of increas-
ing inter-elemental communication towards the
left. However, it should be noticed that dimen-
sional orthogonalization is only valid as an ap-
proximation within the Newtonian potential wells,
and is more or less absent in the complex interme-
diate regions, so the horizontal axis is somewhat
hypothetical, as the diagram cannot be correctly
drawn at more than one perceptional scale. This is
itself an indication of the character of the descrip-
tion, as the difficulty of representing it to any
degree of accuracy in a pictorial figure follows
directly from its mixed complex/complicated na-
ture. The entire structure is scale-fractal, as any
attempt to analyze the contents of one of the
Newtonian levels yields a scaled-down similarly
complex/complicated structure.

In general, the dimensionality of the Newtonian
wells reduces towards the right of the figure, as
does that of the complex intervening layers. The
simplest Newtonian form at the right of the figure
is that of a binary model, and the simplest com-
plex layer on the right corresponds to ‘determinis-
tic’ chaos. The opposite sides of the complex
layers appear differently depending on where they
are viewed from, changing from {digital complex-
ity on the left and analog complexity on the right}
to {analog complexity on the left and digital
complexity on the right} depending on the con-
text. There is no way to shortly and simply distin-
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Fig. 2. A comparison between ‘normal’ and ‘inverse’ or ‘com-
plementary’ rationalities.

Clearly, in a non-systematically-rational hierarchi-
cal structure as we describe it, not only is the
result of transition towards localization between
adjacent rational representations ‘more than the
sum of the parts’, but it is paradoxically also ‘less
than the sum of the parts’! As Root-Bernstein and
Dillon (1997) state: ‘‘at each step of sub-assembly,
huge numbers of possibilities are eliminated’’. The
process is one of exchange of one (or more)
kind(s) of autonomy of the initial constituents for
a different kind of autonomy of the result. If all
we take into account is the information content of
the Newtonian potential wells, then it will be
impossible to re-map a higher emerged level back
onto its adjacent lower one, which will block
bi-directional correlation of the hierarchical
structure.

Taborsky (1999b) has presented a bi-level
semiosic architecture, which explicitly includes not
only relationships of a semiotic nature, but also
the processes of semiosis through which signs
emerge. We propose that the non-systematically-
rational hierarchical structure we have described
dissociates into two coupled complementary sys-
tems (Cottam et al., 1999c), as shown in Fig. 2.
One is of the ‘normal’ reductive rationality which
is associated with the Newtonian potential wells,
operating from left to right in Fig. 1, the other is
of ‘inverse’ or ‘complementary’ rationality associ-
ated with the interspersed complex regions and
operates from right to left. The combined result is
portrayed in Fig. 3, where each of the indicated
locally-associated pairs of complementary rational-
ities corresponds to one of Taborsky’s (1999a,b)
bi-level systems, and the complete assembly can
now communicate bi-directionally in an informa-
tionally-complete manner, without resorting to
systematic reversible rationality.

Lemke (2000) has suggested that in a dynamic
hierarchy the transformations of discrete-to-con-
tinuous and continuous-to-discrete alternate as we
move from level to level. This corresponds to
either our single rationality hierarchy (Fig. 1), or
equally well to the bi-rationality hierarchy pic-
tured in Fig. 3. He also describes how new organi-
zational levels would emerge between sequential
level pairs…

guish between these two notions of analog and
digital complexity in a universally homogeneous
manner, and any attempt to attach either of the
two names to a physically measurable entity or
parameter conflicts with its description from yet
another point of view. This corresponds to Gell-
Man’s (1994) insistence on including the context
in any definition of complexity. Two useful lo-
cally-coupled biological descriptions can be distin-
guished, however. From the point of view of an
organism, DNA is a complex manifestation of a
digital code, and we would be justified in referring
to its character as being digitally complex. In a
complementary manner, from the ‘point of view’
of the DNA the organism would exhibit analog
complexity.

This difficulty of homogeneous definition is
fundamental to the description of a non-systemati-
cally-rational hierarchy, and it illustrates an as-
pect of the internalist–externalist confusion
referred to earlier, as does the nature of the digital
complexity of the Newtonian wells indicated in
Fig. 1. As we move towards the right of the
figure, the Newtonian wells become simpler in
their externalist parametric representation, which
can be described as a reduction in their containing
digital complexity. Correspondingly, they repre-
sent progressively more and more complicated
internalized information, which can described as
an increase in their contained digital complexity.

Common references to emergence of a higher
order from a lower multi-component level often
explicitly suggest that resulting ‘whole is more
than the sum of the parts’. This seems like some
kind of ‘magical’ process, reminiscent of alchemy.
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‘‘Each new, emergent intermediate level N in
a complex, hierarchical, self-organizing system
functions semiotically to re-organize the contin-
uous qualitative (topological) variety of units
and interactions at level (N−1) as discrete,
categorical (typological) meaning for level (N+
1), and/or to reorganize the discrete, categorical
(typological) variety of level (N−1) as continu-
ously variable (topological) meaning for level
(N+1).’’

While this is not directly contradictory with our
own propositions (Cottam et al., 1995), we would
prefer to designate the emergence of specifically
complementary-rational-pairs as we describe
above, which are themselves implicit in Lemke’s
description, as this then explicitly takes into ac-
count the requirement for local-to-global correla-
tive stabilization. An aspect of the ‘internalist’
versus ‘externalist’ conflict can be seen in Fig. 3,
where from outside a rationality-pair the two
aspects of simplicity and complexity appear cou-
pled in an inseparable unity, but from inside a
pair they appear to be the limiting boundaries of
the locally observable domain.

5. A hierarchical biosemiosis

Biosemiotics makes use of the syntactic, prag-
matic and semantic aspects of semiotics, or the
study of signs, to implement meaning as a charac-
teristic of biological systems, and relates biologi-
cal processes to the corresponding semiotic
process of semiosis, which describes the emergence
of signs. The bi-directional multi-layered structure
we have described is the embodiment of a self-
consistent hierarchical semiosis, which operates in
the manner of Matsuno’s (1998, 2000) ‘living
memory’. Local stabilization of a ‘normal’ ration-
al Newtonian representative potential well is by
reference to its intimately-associated complex
complement through the process of abduction.
Communicative transit between two adjacent
complementary-rationality-pairs always takes
place through at least one of the complex regions
associated with the two Newtonian wells involved.
Universal stabilization progresses from the local
to the global and back again by making use of
convenient communication between any and all
suitable rationality-pair levels. In this bi-rational-
ity form, global stabilization of the hierarchy is no
longer by reference to a nonlocal universal ‘back-
plane’ (Cottam et al., 1998a), but by bi-reference
to the complementary pair of nonlocality and
localization. This complementary pair forms a
high-level ‘model’ of the dissociation embodied in
the Big Bang genesis of the universe (Cottam et
al., 1999a), and performs the role of containment
in promoting semiotic evolution of the hierarchy
itself.

The establishment of a framework which inte-
grates ‘concrete’ aspects of structure and process
into ‘less-than-concrete’ aspects of non-Newto-
nian complexity, and this in a common manner
across all perceptional scales, begs the question of
the nature of the ‘material’ from which such a
framework could be ‘constructed’. We have pro-
posed that the basic ‘constructive material’ of our
environment is consciousness, as a low-level hi-
erarchical interaction between structure and pro-
cess whose ground state coincides with that of
energetic hierarchies (Cottam et al., 1999a). This
leads to the suggestion that low-level conscious-
ness is all-pervasive, and that it predates life in the

Fig. 3. Combined complementary rationalities in a non-sys-
tematically-rational hierarchy.
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evolutionary record (Cottam et al., 1998c). To
quote from an interview with David Bohm (We-
ber, 1987):

Bohm : …I would say that the degree of con-
sciousness of the atomic world is very low, at least
of self-consciousness.

Weber : But it’s not dead or inert. That is what
you are saying.

Bohm : It has some degree of consciousness in
that it responds in some way, but it has almost no
self-consciousness (the italics are Weber’s)…

Weber : …you are saying: ‘This is a universe
that is alive (in its appropriate way) and somehow
conscious at all the le6els.’ (the italics are Weber’s)

Bohm : Yes, in a way.
In our interpretation, life adopts the role of a

tool used by consciousness to further its propaga-
tion (Cottam et al., 1999a). At this descriptive
level, hierarchical structure will be formulated in
terms of direct representation, without any of the
utilitarian ambiguity of sign processes. We at-
tribute the genesis of a higher level of conceptual
consciousness (Taborsky, 1999b), associated with
‘understanding’ (Cottam et al., 1999b), to the
development of ‘cross-scale’ correlations between
a number of different le6els of a non-systemati-
cally-rational hierarchy (Cottam et al., 1999a).

Numerous widely different propositions have
been made for the foundation of neural concep-
tual consciousness. It seems likely that its origin
may ultimately be found in the correlation of a
number of different processes. Currently, the most
likely set of candidates to support the cross-scale
correlation we ourselves describe seems to include
the neuronal microtubule protein-cellular-au-
tomaton-to-quantum-superposition propositions
of Hameroff and Penrose (1996), the sub-neu-
ronal dendritic network and holographic holistic-
brainwave propositions of Pribram (1999), and
neuron-level connectionism as a high-level ‘hard-
wiring’ synthetic and decision-based communica-
tional network. Cross-scale correlation provides
an ideal environment within which the dissocia-
tion of sign from representation may flourish and
where common semiotic ‘resources’ may be func-
tional in different settings.

6. Abduction across scales

All of nature is complex, the more so at biolog-
ical inter-scalar membranic interfaces. Semiotic
abduction operates strongly in these regions. Ta-
borsky (1999a,b) describes the evolution of refer-
entiality in the semiotic membrane of a bi-level
information architecture. She makes the point
that

‘‘the membrane zone is not necessarily
defined within spatiotemporal perimeters’’.

However, it is clear that a large part of the
interfacing between biological tissues and their
constituent cells will be associated with the en-
closing cell membranes, cellular process closures
involving the extra-cellular regions which com-
pose their environment, and exposure of these two
features to extraneous and more globally tissue-
hosted influences. Stability of cellular-tissue rela-
tionships will depend strongly on the stability of
abductive processes taking place across all scales
of the interactions.

We propose that it is the evolution of cross-
scale correlative development which has resulted
in the functional application of common semiotic
resources at many different levels of biological
organisms. A prime example of this diversity of
function is the appearance of abduction itself in
many guises. Iconic-to-symbolic abduction is the
foundation of a Peircian architecture of informa-
tion, conceptual abduction the precursor to con-
ceptual consciousness, energetic abduction
provides the grounding for quantum-mechanical
state changes…

We believe that the code duality described by
Hoffmeyer and Emmeche (1991), Hoffmeyer
(1998) is yet another example of the appearance
of abduction. While the abductive stabilization of
emergent entities which we presented earlier is a
structural feature, it has also a temporal aspect. As
then suggested, we can simplistically describe the
stabilization of an entity by its temporal ‘oscilla-
tory’ decay and re-emergence. If we portray the
life–death–life–death-sequence of individuals in
a biological species as a temporal ‘oscillatory’
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decay and re-emergence, then it has a similar
‘stabilizing’ character. In this case the ‘rational
representation’ is equivalent to the code carried
by the DNA, and the ‘complex representation’
into which the entity decays, and from which it
re-emerges, corresponds to the dynamic organism
itself. An interpretation more consistent with our
‘usual point of view’ appears within the comple-
mentary ‘inverse’ rationality frame we have de-
scribed, where it is the complex organism which
emerges and then decays back into the DNA.
There is a strong semiotic relationship between
the necessity we have described for the universal
correlation of emergent entities through lifetime-
modulated decay, and the (more culturally ex-
plicit) ‘lifetime’-modulation of living organisms,
whose successively appearing individuals would in
this species-stabilizing sense be ‘indistinguishable’
from each other, to a first approximation.

7. Discussion

It is tempting, on the basis of difficulties experi-
enced in establishing useful descriptions of living
organisms through the use of conventional ratio-
nality, to throw out any model which appears to
be based on ‘nature as a computer’. We believe
this to be an unproductive exercise, as representa-
tions based on computable aspects of the Newto-
nian paradigm have clearly proved extremely
successful in practical domains. The problem is
more that the representative restrictions of formal
rationality are inhibitive, rather than that the
overall approximative computable picture pro-
vided by conventional science is inapplicable. It is
defensible to consider that nature itself makes use
of ‘computation’ in its dynamic evolution, and
suggestions arise in many domains that this is the
case. Gutowitz and Langton (1995), for example,
have suggested that the phenomenon of critical
slowing down at phase changes could conceivably
be linked to

‘‘fundamental limits on physical systems’
abilities to effectively ‘compute’ their own
dynamics’’.

Nowhere is the frequent failure of deterministic
homogeneous formal rationality more evident
than in biology, where it appears unable to deal
with many non-algorithmic and ‘real’ parallel as-
pects of the relationships between physics, chem-
istry, cells, tissues and organisms, let alone the
attribution to life itself of a consistent nature. In
many cases, the adoption of a formally reduction-
ist approach to relations between biological stim-
uli and response brings with it serious
misinterpretation of those relations, for example
in explorations of the character of pain (Wall,
1999). However, rather than throwing out the
baby with the bathwater, we seek to update the
style of rationality involved in computational rep-
resentations, and not to jettison them in the ab-
sence of qualitatively or quantifiably superior
successors. The possibilities offered by the inte-
gration of semiotic approaches and conventional
scientific points of view are at the heart of the
development of biosemiotics over a number of
decades. In this paper, we have attempted to
expand this development, by proposing a modifi-
cation in the way rationality and its complex
complement are applied to emerged and emerging
entities, in the absence of an initial distinction
between the animate and the inanimate. It is no
accident that not only definitions of complexity
but also semiotic interpretations of signs are inti-
mately coupled to the contexts within which they
are encountered.

This approach results naturally in the emer-
gence, and in establishment of the necessity, of a
unified complexly-coupled hierarchical structura-
tion within which, we believe, the elusive relation-
ships between different levels of biology may be
positioned in a coherent manner.

As a last comment, we should like to point out
that in digital computer systems the cross-scale
functionally-modulated application of common
resources is fraught with possible dangers. In the
case of an even partial degradation of functional
differentiation the result may be complete system
collapse, with little chance of determining at
which structural level the problem was initiated.
Is it possible that the otherwise advantageous
cross-scale semiotic integration of hierarchical lev-
els in biological organisms may also be a poten-
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tially destructive force related to the development
of some cancers?
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