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Abstract I distinguish Nature from the World. I also distinguish development from
evolution. Development is progressive change and can be modeled as part of Nature, using a
specification hierarchy. I have proposed a ‘canonical developmental trajectory’ of dissipative
structures with the stages defined thermodynamically and informationally. I consider some
thermodynamic aspects of the Big Bang, leading to a proposal for reviving final cause. This
model imposes a ‘hylozooic’ kind of interpretation upon Nature, as all emergent features
at higher levels would have been vaguely and episodically present primitively in the lower
integrative levels, and were stabilized materially with the developmental emergence of new
levels. The specification hierarchy’s form is that of a tree, with its trunk in its lowest level,
and so this hierarchy is appropriate for modeling an expanding system like the Universe. It is
consistent with this model of differentiation during Big Bang development to view emerging
branch tips as having been entrained by multiple finalities because of the top-down integration
of the various levels of organization by the higher levels.

Keywords Big Bang · Causality · Development · Multiple worlds · Nature ·
Specification hierarchy · Thermodynamics · Vagueness

1 Introduction

In this paper I attempt a summary of a developmental perspective I have been constructing for
two decades as a kind of ‘treaty’ among several disciplines. Beginning with some conceptual
clarifications, I distinguish ‘Nature’, our scientific construct, from the World. Nature is our
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358 S. N. Salthe

map or operating manual for the World. Nature embodies logic as its basic framework, and its
embodiments are typically found in, e.g., inscriptions, diagrams, tables, models, equations,
laws, universal constants and classifications. Nature is the subject of studies in the philoso-
phy of nature (natural philosophy), as in this paper. It is mediated by languages, while the
World is mediated to us through (what in Nature we know as) our biology (Uexküll 1926).
The World is experienced and phenomenal, but is not ‘known’ (Snowdon 2008). My favorite
example of this is that, while we may ride a bicycle, we do not ‘know’ (cannot describe) how
we do it. I will as well propose a logically founded model in set theory format of ‘general
development’, which is posited to be universal for dissipative structures as they are conceived
in Nature. Of course, set theory cannot model dynamical change. I use this format to parse
sequences of developmental stages, following the usage (as Normentafeln) in biology. I will
also, in this way of describing stages of development, outline a ‘canonical developmental
trajectory’ characteristic of dissipative structures. I acknowledge evolution in passing. As a
cue to the reader, I note that my perspective is that of natural philosophy as developed out
of beginnings made by the early Friedrich Wilhelm Joseph Schelling (e.g., Esposito 1977;
Salthe 1993). What is relevant here is that Schelling first proposed a developmental view of
the natural world.

2 Modes of Change

Generalized from their long usage in biology, I distinguish development from evolution, as
general modes of change (Salthe 1993). Development is progressive change, while evolu-
tion is expressed in the effects of accumulating marks acquired from contingent encounters.
Developments, interpreted as constitutive of the kinds of systems showing them, can be mod-
eled as parts of Nature. Well known examples that I would place as developments are the
‘main sequence’ of stars, embryonic development, and ecological succession. Developments
are like Goodman’s (1976) ‘scripts’, but inferred from scientific investigations rather than
by creative action. Evolution (more generally, individuation) occurs continually during the
development of any material system, building in historically acquired information, leading
to increasing dimensions of uniqueness in particular phenomena. One very important kind of
particular phenomenon in science is the biological species. A species’ storage of historically
acquired information is held in the genomes of the cells of its parts, as well as in material
configurations in cell structures. At its own scale each species is unique; while at their scales,
its parts (e.g., organisms) differentiate increasingly as they recover from perturbations during
development, becoming ever more intensively unique.

With regard to evolution, given the need perceived in Nature for systemic mutual fitting-
ness, some phenomena will inevitably not be as well suited to persist in their surround-
ings as others, and these get recycled more rapidly than those more ‘fitting’ or ‘better
adapted’. This fact of differential persistence has been elaborately constructed as compe-
tition in our Western cultural ideology, and is highly developed in neoDarwinian evolu-
tionary biology, where it plays out as competition between genotypes for representation
in future generations of a population (e.g., Ewens 2004). But this is a small aspect of the
‘big picture’ of change in Nature. A simplest kind of example of selection would be the
self-organizing choice of a drainage channel from among several possibilities by a high alti-
tude water reservoir as it develops from glacier to lake (Salthe and Fuhrman 2005). All actual
phenomena have been individuated by evolution. This paper, however, is concerned with
development.
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3 Development

Development proceeds from relatively vague beginnings toward ever more specified
particulars. It is logically a process of refinement via the differential promotion of poten-
tial informational constraints, followed by the subsequent fixation of some of them. Infor-
mational constraints are sites or regions that might assume more than one configuration.
After choosing among possibilities, they express information. As development continues, an
early informational constraint can become the site for the emergence of others. Stages of
development can be conveniently represented using set theoretic format, as:

{stage 1 {stage 2 {stage 3}}}
Stage 2 develops out of Stage 1, and Stage 3 from Stage 2. Stage 2 is necessarily immanent,
along with other possibilities, in Stage 1. More developed stages are in this model logically
refinements of earlier stages, by way of having acquired further information. That is, an early
stage anlagen will be only roughly—vaguely—adumbrated. It will be preserved in develop-
ment, but increasingly altered downstream in a way that would require more information to
describe.

Guidance by this hierarchical format (see details below) imposes a certain logical structure
upon development which helps to guide our thinking about it. An important example of this
guidance is the stricture that nothing totally new appears during development; instead some
of the vague tendencies in a given stage become ever more definitely embodied in further
stages, emerging ever more definitively. This perspective runs counter to the currently favored
perspective that genuinely new things do appear in the world. Novelty in the present view can
be initiated by way of perturbations from outside, or by internal excursions, during a devel-
oping system’s individuation. These may become integrated into an emerging system during
its development and homeostasis. For example, in the development of an organism, congen-
ital perturbations of an embryo can result in abnormalities that become smoothly integrated
into the living individual (Reid 2007). These individuating modifications of a developmental
trajectory are almost always of minor import compared with typical developmental patterns.
When they are more important, the developing system is likely to fail. Historical impacts
always do frequently perturb a surviving developing system to some, relatively minor, degree.

The imposition of this model upon development, including its broader application to the
development of the universe, is a major departure of this paper. The logic is developed thus:
the quintessential example of development can be found in embryonic development. What
I have said above can be derived from observing this particular case. The extension of this
model to dissipative structures in general is effected by looking for more generally applicable
descriptors, like thermodynamic and information theoretic ones. There are few developmen-
tal tendencies that can be said to be universal. As an example, I have proposed (Salthe 1993)
a ‘canonical developmental trajectory’ of dissipative structures running from immaturity
through maturity (in more well integrated systems) to senescence, with these stages defined
thermodynamically and Informationally, as shown in Table 1. Extension further to the uni-
verse as a whole is of course speculative, but is encouraged by the developmental sequences
of, for example, stars (e.g., Chaisson 2001).

A developing system builds in informational constraints, and fixes many of them in the
manifest information of definite form, upon which further constraints may emerge (Brooks
and Wiley 1988). Abiotic developments (as in tornadoes) never get to be very highly speci-
fied; internally stored informational constraints, such as are held in the genetic apparatus of
living systems, is required for that. I would suggest that, if we propose a system that does not
develop from immaturity to senescence, that this would not be a bonafide material system,
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360 S. N. Salthe

Table 1 Thermodynamic and informational criteria of the developmental stages of dissipative structures.
See Salthe (1989, 1993) for more details and citations

IMMATURE STAGE
Relatively high energy density (per unit mass) flow rate

Relatively small size and/or gross mattergy throughput

Rate of acquisition of informational constraints relatively high, along with high growth rate

Internal stability relatively low (it is changing fast), but dynamical stability (persistence) is high

Homeorhetic stability to same-scale perturbations relatively high

MATURE STAGE (only in relatively very stable systems)

Declining energy density flow rate is still sufficient for recovery from perturbations

Size and gross throughput is typical for the kind of system

Form is definitive for the kind of system

Internal stability adequate for system persistence

Homeostatic stability to same-scale perturbations adequate for recovery

SENESCENT STAGE

Energy density flow rate gradually dropping below functional requirements

Gross mattergy throughput high but its increase is decelerating

Form increasingly accumulates deforming marks as a result of encounters, as part of individuation

Internal stability of system becoming high to the point of inflexibility

Homeostatic stability to same-scale perturbations declining

but possibly part of one instead. Thus, for example, the biological population might better be
viewed as part of an ecosystem (Damuth 1985), where development has been successfully
proposed as the process of ecological succession (Holling, e.g., 1986; Ulanowicz, e.g., 1997).
The same may be said of the biological species (Simpson 1953), except that the larger scale
material dissipative structure that it would be part of has not, I think, yet been identified, since
a species’ areographic extent, or the migrations of its parts, could place it as a component of
more than one biome.

4 Development of the Universe

I make a materialist interpretation of the Big Bang theory (e.g., Chaisson 2001; Turner 2007;
Lineweaver and Egan 2008). Accelerated Universal expansion of space leads to the precipi-
tation of matter, which initiates gravitation and the clumping of masses. Based on Einstein’s
physical intuition that led to the ‘equivalence principle’ (Einstein 1907), gravitation can be
postulated to be a kind of obverse of accelerated expansion, leaving matter ‘behind’ as space-
time expands. Acceleration is required here in order to understand why matter was unable
to stay in equilibrium with expanding space (Nicolis 1986). Assuming that the universe is a
thermodynamically isolated system, my own further interpretation follows. The process of
expansion continues to produce an increasingly disequilibrated universe, wherein develop,
from the masses in some locales, forms, and from the forms in yet fewer places, organiza-
tions, moving the Universe ever further from thermodynamic equilibrium. I conjecture that
continued development of increasingly complicated systems depends upon the continuation
of Universal expansion. In an ‘equal and opposite’ reaction to these disequilibrating pro-
cesses, the Second Law of thermodynamics emerges globally, scaled to the rate of Universal
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Development (and Evolution) of the Universe 361

expansion. At present this imposes locally the necessity for significant entropy production
in connection with any energy dissipation (Prigogine 1955). Consequently, when dissipation
is harnessed to effective work, that work is rarely better than around 50% energy efficient
(Odum 1983; Turner 2000). Urgency, striving and haste make work even less energy efficient
(Carnot 1824). These facts can lead to a resuscitation of final cause in physics since entropy
production is the way that non-equilibrium locales can promote Universal thermodynamic
equilibration.

4.1 Causality

I have proposed reviving the Aristotelian causal analysis (e.g., Matthen 1989) as being help-
ful for dealing with complex systems (e.g., Salthe 1985, 1993; Salthe and Fuhrman 2005).
Complexity involves a number of factors, including local interactions and transactions of
numerous differently capable elements of varying kind and scale as components of a system
(e.g., Salthe 2006b), as well as historicity and vagueness. The Aristotelian causal categories
help somewhat to tease apart some of this complexity by allocating different modes of cau-
sation. In my analysis (2006a), material cause is susceptibility; formal cause is the ‘set-up’.
Susceptibility refers to the readiness of a locale or a material to undergo the kind of change
being modeled, while the set-up refers to the organization of initial and boundary conditions
impinging upon that locale or material. Together these synchronic categories establish the
locale of relevant or investigated events, as well as the propensities (Popper 1990) of occur-
rences of various events. Efficient cause is a forcing or push, getting the change going; final
cause is the pull of ‘why’ anything happens. A lightning strike makes a convenient example,
with a local buildup of electrical energy gradient as charge separation between clouds or
between clouds and the ground, based on the formal cause of large scale local dynamical
and structural configurations, with the push given by some perturbation after the system has
reached a threshold of instability, and with finality found in the pull of the Second Law of
thermodynamics (again, assuming that the universe is a thermodynamically isolated system).

Of course, finality has been banished from natural science for some centuries now (e.g.,
Weber 1908), largely I believe because of that discourse’s entrainment by pragmatic appli-
cations, where human intentionality trumps other possible entrainments. To enforce this
interdiction, finality has usually been said to imply forbidden religious connotations. The
science informed by this opinion was/is a science of conceptually simple, if technically com-
plicated, experimental constructions. These are focused upon setting up formal arrangements
that could produce desired kinds of results when initiated by an experimenter’s—or some
‘natural’—forcing. But now that we are becoming buried in complexity, we may need any
tool we can find. Ecologists have already begun tentatively using these causal categories
(e.g., Patten et al. 1976; Ulanowicz 1997). Computer simulations would be an ideal medium
for exploring the relations between the Aristotelian causal categories in various applications.

I use final causation in order to explain a major factor in our lives and economy—the
relatively poor energy efficiency of effective work—otherwise left unexplained as to ‘why’
it must be the case. To understand this one needs to understand that the Second Law of
thermodynamics is a final cause of all events and occasions insofar as they are mediated by
energy flows. Whatever happens, including work, happens as an aspect of the dissipation of
metastable energy gradients (e.g., Schneider and Kay 1994) in a universe far from thermody-
namic equilibrium. Work is linked to this dissipation of energy gradients, and mediates some
relatively small portion of that energy (the ‘exergy’) into action and/or products of lesser
energy amount than that dissipated from the tapped gradients. Because the energy efficiency
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of work is so poor, it is possible to see that any work is undertaken in order to move the
universe closer to thermodynamic equilibrium. If work efficiency could be much greater, this
view would be untenable. Since it cannot (Odum 1983), this understanding seems obligatory,
even if not fully explanatory regarding any given work done, which would be associated with
various biological, personal and sociocultural finalities. I feel that denying this surprising
view would be tantamount to claiming omniscience—that is to say, claiming to know of a
counter example hidden away in some obscure corner of the universe. In order to explore this
further I will parse finality throughout Nature, for which I need to use a hierarchy format.

4.2 Synoptic View of Embodiment within Universal Development

I use the Specification Hierarchy format (Salthe 1993, 2002, 2006b) to make a fully global
representation of any unique particular. For example:

{physical dynamics {material connectivities {biological activities

{individual action {sociopolitical projects}}}}}
with {lower level {higher level}} and {more generally distributed {more particular}}; the
brackets have the same meaning as in set theory

Thus:

{dissipative structure {living system {animal {human {myself}}}}}
(I do not here distinguish natural kinds from individuals, as natural kinds are categories
resulting from unrelated analysis)

The levels here are ‘integrative levels’ (Salthe 1988), or ontological levels (Poli 1998).
They have been constructed during the progress of Western science, as the subjects of dif-
ferent investigations. As noted already in the ‘unity of the sciences’ perspective (Neurath et
al. 1955–1969) lower levels give rise to and subsume all higher ones, but as well, we now
realize that higher ones integrate and harness all lower ones under their own rules locally.
Thus, consider:

{entropy production{free energy decline {work}}}
Here each level entrains at least one finality, with lower level, physical, finalities present as
relatively weak entrainments locally compared to higher-level ones. But they are continu-
ously in place, whereas higher level entrainments are episodic, and different ones may cancel
each other out. As an example of the pervasiveness of the Second Law in our own lives,
we might note our tendency to fidget in many ways when more important work is not at
hand. Thus, activity of any kind in the non-equilibrium situation is (whatever else of greater
import to us it might be) a local contribution to Second Law finality—in the service of the
equilibration of our thermodynamically isolated, currently disequilibrated Universe.

As I mentioned earlier, another aspect of this hierarchical model is that it can have a
diachronic interpretation as development (Salthe 1993). This is based on the fact that higher
levels are logically refinements of lower level possibilities, with the general developmental
process then being:

{vaguer -> {more definite -> {more mechanistic}}}(the arrows representing change)

For the earth, this could be represented as (Vernadsky 1944, 1986)

{geosphere -> {biosphere -> {noosphere}}}
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In application to the Universe, this pattern would proceed at different rates in the different
ontological levels. Thus, the material/chemical level would have reached a mechanistic stage
with the establishment of the relations shown in the Periodic Table, while the biological level
did not reach that stage until much later, with the genetic code and associated apparatus.
Continuing this trend, some believe that we are engaged in constructing a noosphere, which
would be the mechanization of human culture.

One way of imagining this developmental process is to focus on the lowest physical level,
the quark-gluon plasma. In the early universe there would have been a virtually unlimited
number of degrees of freedom for any particle in regard to its position and momentum.
After the origin of atoms, many degrees of freedom for many of these particles would have
become frozen out. With the further emergence of molecules, the degrees of freedom of these
same fundamental particles would have become even further restricted, and so on (Salthe
2009).

This model imposes a ‘hylozooic’ kind of interpretation upon Nature, somewhat like that
of Charles Peirce (1938–1951, CP 6.32–6.33). Nothing totally new can appear after the ini-
tial expansion of the primal singularity. And so all emergent features that appear later at
higher integrative levels would have been implicit during earlier developmental stages. One
could say that these later emergents are somewhat like the ‘high grade actual occasions’
of Whitehead (1929), precipitating within the local society of ‘actual occasions’, thereby
pointing to another ‘take’ on development as here understood. In this view the past is present
in any current individual or occasion. In the present interpretation, these would initially have
been only vaguely and episodically present as sketched in the lower integrative levels, but
would have become stabilized materially with the developmental emergence of higher inte-
grative levels. This would have occurred globally during development of the earth, but is also
repeated locally during the development of, e.g., a living thing like myself. In this develop-
ment, particles that had become ‘captured’ by atoms, became / become further restricted in
their motions when these atoms are incorporated into molecules which are parts of cells, most
of whose physical degrees of freedom are almost reduced to nothing within an organism.
Their ‘universal’ degrees of freedom have then become restricted to being consequences of
organismic motion (if any).

Thus, the configuration of fundamental particles within my body at this moment will have
occurred transiently many times in the primal quark-gluon plasma after it had reached a cer-
tain volume. More colorfully, I will have had a ‘ghostly’ presence almost since the beginning
of the universe, and have been ‘lucky’ to have become embodied at last! There is thus, in
this sense, ‘nothing new under the sun’, but some things have become increasingly more
definite as the universe continued to expand. This is a weakly deterministic philosophical
position. On the one hand, our ‘ghostly’ representation in the quark-gluon plasma will have
been unstable, episodic, and without the higher level details that would need to be acquired
through historical adventures as the universe developed. On the other hand, those historical
adventures might have eliminated the possibility of continued materialization of any par-
ticulate lower level template. Thus, while nothing completely new—i.e., not fostered by an
ancestral particulate template—can appear, not all such potential templates get to be fostered
by any given unfolding history.

Some will argue that a new species of sparrow, a new crime, or a new poem are examples
of genuine newness. Note that I hold that all possibilities for any potential universal devel-
opment to have been present in vague form initially, and that only some get to become more
definite during universal development. This ‘becoming more definite’ involves what many
take to be genuinely new things. Each new species or poem may seem ‘new’ before our eyes,
but this level of newness is trivial in the universal—and in the developmental—perspective.
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364 S. N. Salthe

Each is developmentally a restriction on what was possible before that emergence. Consider
language. Having chosen English we can say an unlimited number of things, but we cannot
express certain larger moods accessible, say, in French (Salthe 2000) and which may have
been conveyable in the ancestral common language.

The above perspective can be played off against the idea emphasizing that every actual
occasion would be unique in the higher integrative levels, signaling a radical indeterminacy
in the world (Elsasser 1969; Ulanowicz 2007). Anticipating the future, as in the predictive
mode of science, there would seem to be an immense number of different higher level con-
figurations potentially emergent at any future locale in a future moment. Thus, whatever
happens at these higher integrative levels (biological, sociocultural) would be something
completely new, and emergent at these levels. But at the lower, physico-chemical levels,
any configuration whatever will have been rehearsed many times. Looking the other way,
back from what has occurred, historicity, even at the higher levels, will have narrowed the
possibilities gradually, by way of concatenated contingencies as the present moment was
unfolding. Whatever actually occurs will have been prefigured at the lower integrative levels
and gradually prepared for at the higher levels. Present configurations at the higher integra-
tive levels therefore imply—that is, material implication or conceptual subordination—that
which gave rise to them. This looking backward (note also the ‘anthropic principle’, whether
‘strong’ or ‘weak’) is a mode of finality, and narrates how I, the current observer, came to be
here in this world.

4.3 The Logic of Multiple Worlds

Multiple worlds are implicit in the specification hierarchy model because its form is that of a
tree, with its trunk in its lowest level—in the present application that would be the physical
integrative level. Inasmuch as I am here assuming that this refers to our known physics, I am
not appealing here to particular models of ‘multiple universes’ imagined by some cosmol-
ogists. A subsumptive hierarchy is plainly appropriate for modeling an expanding system
like the Universe, which, in the developmental model used here, then can become occupied
by ever more, ever more definite, locales. Even if no new matter continues to appear in the
expanding universe, the continual incorporation of historical information at every gravitating
material locale would result in the emergence of increasingly more individuated phenomena.
Every emerging locale acquires its own unique configurations and conformational possibil-
ities. Shown in the hierarchies above are only single branches of this hierarchy, where the
lower levels would be shared by increasingly more possible branch tips that are not being
represented. Thus. e.g., there could logically be some other kinds of dissipative structures
coordinate with living ones. These would not be abiotic ones like eddies and tornadoes
because those represent the grounds from which living dissipative structures emerged, and
so they are relatively lower level, and therefore not coordinate with the living. Other possibil-
ities would also not be mechanical ones like automated factories, because these are fostered
by socioeconomic systems and so are relatively higher level to, and so again not coordinate
with, the living.

It seems most likely that in any given world only a few of the immense number of vague
tendencies in the primal quark-gluon plasma would get to become stabilized in that world.
This would be especially true of those entrained into the highly individuated systems emer-
gent in the highest integrative levels. It would be consistent with this model of differentiation
during the development of the Big Bang to view emerging branch tips in the hierarchy as
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having been entrained by multiple finalities. That is, we might reasonably consider every
actual occasion to be the locus of several finalities.

4.4 Integration

I think it important to end this essay by emphasizing the top-down integration of the vari-
ous levels of organization (e.g., Greenberg and Tobach 1988) in the specification hierarchy
model. This aspect is perhaps the major message, as yet little noted, from the continuing
development of the unity of the sciences perspective. On the template of:

{physical universe{material locales {biological forms {sociocultural organizations}}}}
We can consider the relations among:

{dynamics {location{form {functional individuality}}}}
Consider the interpenetration of these levels in any high enough grade of actual occasion.
There can be no activity at any level that is not actually physical dynamics fostered by entropy
production. And there can be no location that is not mediated by gravitating matter and chem-
ical affordances. As well, all human inventions are ‘inhabited’ by the human form, as, e.g.,
a pile driver represents the human arm. For a currently actively pursued example, biological
form and function is largely constrained by scale (Bonner 2006; Brown and West 2000; Sims
et al. 2008; West et al. 2001). Nevertheless, as long as they exist, individual higher level enti-
ties, each instituting their own formal and final causes, harness all lower levels locally into
colluding to promote them by way of providing material causes for them from one moment to
the next. Individuals continually integrate all of nature into their own embodiment (Polanyi
1968) until they disperse, when they are recycled. As a thought experiment, we might try
to imagine a world without particular, history-mediated individual phenomena. We find, I
think, that we must go back to something like the primal quark-gluon plasma before this
becomes possible. From a ‘pansemiotic’ perspective (Salthe 2008), the emergence of higher
integrative levels can be seen to have pulled the universe into ever more particular meanings.

5 Conclusion

This developmental perspective is advanced in order to be posed against the currently fashion-
able pan-historicism, and yet historicity does play a role. One take-home message would be
that if we are to try to anticipate newly emerging events and occasions, we need to develop
techniques to assess vague tendencies while they are becoming liminal and beginning to
emerge (Salthe 2004). In connection with this, acting on Charles Peirce’s (1905) suggestion
to develop a ‘logic of vagueness’, is long overdue.
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