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ABSTRACT

Ecological science addresses the relations between livings things and their
envimoments, and the study of human ecology addrcsses the particular case
of humans. However, there is an opposing tradition built into ihe founda-
tions of modem science, which separates living things and particularly
humans ftom their environments. This tradition, with its dualisms traceable
fiom Decartes through Kant into Darwinism with its gounding in Boltz-
mannian thermod)'namics, precludes a tIuly ecological science. A deeper
undefftanding of thermodynamic law and the principles of self-organizing
(autocatakinetic) systems provides the nomologrcal basis for dissolving
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Cartesian incommensurability, for puttiry evolution back in its universal
context, and for showing the reciprocal relation between living things and
their environnents, and thereby provides a principled foundation for eco-
logical science in geDeral and human ecology in particular.

INTRODUCTION

The word ecology was coined by Haeckel and used in his Generelle Mor-
phologie in 1866 to refer to the science of the relations between living
thiDgs and their environments (Bramwell 1989), aad by this general defi-
nition, human-environment relations constitute the central subject of
human ecology. The idea of the sepamtion of humans from their environ-
ments, however, is deeply embedded in the foundations of modem science.
Descartes, promoting a psychology versus physics dualism, where the
active, epistemic part of the world (human "mirds") was incornnensua-
bly sepamted from what was taken to be the dead, mechanical, physical
part of the wodd ("matter" or 'bther"), provided the world view that
became the basis of modem science and which, at the same time, supemat-
urally separated humans from the world (see also Dyke 1997, this volume).

Later, arguing that the active, end-directed striving of living things in
general could not be accounted for within the dead, mechanical world of
physics, Kant, calling for the autonomy of biology from physics, promoted
a second major dualism, between biology and physics, or between living
things in general (notjust human minds) and their environments (Swenson
and Turvey 1991). The Cartesian tradition was carried into evolutionary
iheory with the ascendalcy ofDarwinism which, making no use ofphysics
in its theory, Fovided an explanatory framework where "otganisms and
environments," ir Lewontin's (1992, p. 108) words, "were totally sepa-
rated." Suong apparent scientific justification for these postulates of
incommensurability came with Boltzmann's viow of the second law of
thermodynanics (the entropy law) as a law of disorder a hypothesis tlal
he developed duriog the last quarter ofthe last cenhrl/ in an attempt to save
the Cartesian, or mechanical, world view.

According to Boltzmann, physical systems arc expected to become
iDcreasingly disordered or run down with time, and the spo aneous trans-
fo.mation ofdisordered to ordered states is "infinitely improbable" (Bolt-
zmann 1974 [1886], p. 20). This view effectively set the active nature of
living things-as expressed, for example, in the fecundity principle, per-
haps the sine qua non ol Darwinian theory (the idea that life acts to produce
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as much biological order as it can), and in the progressive ordering that
characterizes the evolution of life on Earth as a whole (ftom bacterial eco-
systems some four billion yeals ago to the rise of civilizations and the glo-
bal proliferation of culture going on todayFagainst the apparent,
otherwise universal, laws ofphysics. The world, in this view, was supposed
to be running down according to the laws of physics, but biological and
cultural systems seemed to be about 'tunning up"-to be not about going
from morc orde y to less orderly states but about producing as much order
as possible. It is 'ho surpdse," under these circumstances, in the words of
Levins and Le\rontin (1985, p. l9),'that evolutionists lcame to] believe
organic evolution to be a negation of physical evolution." As Fisher (1958
tl930l, p. 39), one of the founders of neo-Darwinism, expressed it,
"entmpy changes lead to a progressive disorganization of the physical
world...while evolutionary changes [produce] progessively higher orga-
nization." This view is still at the foundations ofthe Darwinian view today,
as evidenced by Dennett's ( 1995, p. 69) definition of living things as things
that "defy" the second law of themodynamics.

Cartesian inconmensurability precludes an ecological science. Conse-
quendy, ecological science, if it is to be about what it purports to be
about-living thing/environment rclations-requires a theory that dis-
solves it. The postulates of incommensuability came into modem science
on the issue of the active, epistemic dimension of the world, and this is prc-
cisely the batdeground where they must be defeated. ID panicular, the con-
frontation must occur at the interface of physics, psychology, and biology,
and the distinguishing characteristic of this interface is that it is defrned by
intentional dynamics, the dynamics that, not coincidentally for ecological
science, distinguishes the living thing/envircnment relation. By intentional
dynamics, I refer to end-directed behavior prospectively contolled or
determined by meaning, or "nformation about" (of which "end-in-mind"

behavior is a lately evolved kind).
Rivers flowing down slopes or heat flowing down temperature $adients

from hot to cold, are examples of end-directed systems, but they arc not
examples of intentional dynamics because they do not require meaningful
rclations to detemine the paths to thei! ends. Their behavior is explicable
in terms of local energy potentials and fundamentil physical laws. In con-
ftast, when a bacterium swims up a concentatioD gradient, a bird flies
above the Earth or opens its wings to effect a landing on a branch, a human
ddves a car, or puts a satellite in orbit around the Earth, or moves some
food from her plate to her mouth, this behavior is seen to go in directions
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FiBurc 1. Ihe pfoduction of proSressively higher stat€s of order as a function of
increasing levek of atrnospheric 0, in geological time (PAL is present atmospheic
le!€|.) Atmospheic oxygen was put into the atmospherc by life and has been
maintained at peent lewls for some hund.eds of millions of yea6 by life at the
planeliry level. The transfomation of the Earth's atmospherc from orySenles to
ox)€en-rich, as well as the foms, including human cultulal systems, that have
ryrtematically arisen as a consequence of it, are measures of the teffeshial system's
departure from themodynamic equilibrium, or progrersive ordering. This run,
counter to the widspread conception of the second law of thermodynamics due to
Boltzmann, which predictr that th€ world should be becoming incrcasingly
disordered. Thi, has led evolutionists to believ€ that bioloeical and cultural evolution
dery or negate phy5,cal evolution-a bel,et In effed,;f tuo Incommensu,abte
"ri\€rs," the river of ph),sics whjch flows down to dirorder, and the river of biology,
psychology, and culturcwhich flows up.

that ale different, and often opposit€, fiom those that follow causally ftom
local physical potentials and laws. This kind of end-directed behavior, the
kind that is meani[gfully or epistemically determined with respect to non-
local potentials, characterizes intentional dynamics. Terrestrial evolution
shows the world to be in the order-prcduction business, characterized not
by progressive disordering to equilibrium but by the production of incroas-
i[gly higher states of order, aDd the way the production of this "river that
flows uphill" takes place-to use Calvin's (1986) felicitous phrase-is
through meaningful, or epistemic, rclations (see Figure 1).
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To continue the metaphor and summarize in different terms what has
been said above, ifecological science is to be ecological in more than name
only, it must provide a principled basis for unifying what arc otherwise
taken to be two incommensurable rive$: the river of physics that flows
downhill, and the river of biology, psychology, and culture that flows
uphill, The absence of such a principled account invites the otherwise
recurent problem of the pre-Socratic Parmenides, who had a fully coher-
ent theory of ihe world which, howevet could neither account fo. nor even
accommodate his own existence, Recent advances in the theory of thermo-
dynamics and seli-organizing systems provide the basis for dissolving the
postulates of incommensurability, by providing the nomological basis for
intention and intension in a physical world otherwise taken to be collaps-
ing to disorder and to be inherendy meaningless (defined exhaustively by
extension). Rather than being anomalous, with respect to somehow defy-
ing or going against universal laws, the intentional dynamics of living
things are seen to be a diect manifestation of them. This prcvides a prin-
cipled basis for setting the active ordering that characterizes the evolution
of life, from Archean prokaryotes to the present rapid globalization of cul-
tule in its universal context, and in so doing provides a principled founda-
tion for ecological science in general and human ecology in particular,

THE CARTESIAN CIRCTE AND THE FIRST POSTU1ATE
OF INCOMMENSURABITIW

The influence of Descaftes, whose ideas were built into modem science at
its origins, is hard to overestimate. Although the physics of Newton
eclipsed the physics of Descartes, it was the latter's dualistic metaphysics
that provided the ground on which the former was able to flourish; and,
because psychology and physics wore defined at their modem origins by
Descartes, he is often refered to not only as the father of modem philoso-
phy but as the father of modem psychology and physics as well. What Car-
lesianism effected with its dead, mechanical. or clockwork world view was
a means for the rcligious authodty of Descartes' time lo interpret science
within a context it could accept, and for humans to see themselves, in the
words of Descartes (1986 tl637l, p. 67), as "masters and possesson of
natule." Humans, as privileged creations on Earth, were taken to be sitting
dualistically outside the clocklike world, Ieaming the laws of physics in
order to manipulate them toward their own taken-to-be divine ends. ln this
vieq there was no iheory of cultural ordering, or of evolution in general,
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because humans ald ihe static mechanical physical world they were said to
inhabit were taken to have been created full blown by divine act.

Defining the Epistemic Dimension Out ofthe Physical World

A fundamental point to make with rcspect to the Cartesian world view is
that by defrning physics and psychology by their mutual exclusivity call
this the "fiIst postulate of incorffnensurability" (Swenson 1996)-it liter-
ally defined the active epistemic dimension out of the physical part of the
world altogether According to Descanes, the world was said to be divided
into an active, purposive, perceiving "mind" (the "free soul," "thinking I,"
"Cartesian ego," or "self') on the one hand (the psychological part), and
passive, "dead," puposeless "matter" (the physical part) on the other. The
physical part, defined exclusively by its extension in space and time, was
seen to consist of reversible, quality-less, inert particles govemed by deter-
ministic causal laws from which the striving mind, seen as active, bound-
less, and without spatial or temponl dimension, was said to be immune.
An immediate implication of this view was that spontaneous ordering in
general, and intentionality and meaning in particular, were thus eliminated
from the physical world by definition, and so needed to be extra-physically
imposed from the outside. For Newton, Boyle, and other believers in Des-
cartes' mechanical world view, who took the world to be extra-physically
ordered by God, this was not a problem. lt was a reaffirmation of their
belief.

The Problem of Dualist lnteractionism

Even if such a wo d were extra-physically given, there is an insumount-
able problem with respect to how such a system could ever possibly work.
This was recognized almost immediately by many of D€scartes' owd fol-
lowers in his own time. This is the problem of dualist inte$ctionism. In
particular, if psychology and physics ("mind" and "matier," or "self' alld
'bther") are dualistically defined the way Descanes did by thet mutual
exclusivity, then thero is no way in facl that they could ever intelact. I-eib-
niz recognized this cental problem of Cartesianism by anticipating the law
of energy conservation (the fust law of themodynamics). For one thing to
interact with another, he argued, requires something conserved over the
interaction, and if something is conserved over lhe two things or processes,
at some level they are part of the same thing. '"There must be something
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which changes, and something which remains unchanged," wrote Leibniz
(1953 lll l4), p,27)-aDticipating, it could be argued, the second law of
thermodynamics, too. Without some conseflation, the two would be tnrly
incommensulable-iwo sepa$te worlds without any possible relation or
causal connection,'

This separateness of the physical and mental was reinforced by Des-
cartes' theory of perception and his famous cogito ergo sum: that what is
known indubitably is the self-reffective mind perceiving itself. For Des-
cartes, the indubitability of matte! was not so clear. With mind ultimately
perceiving itself (and the physical world exhaustively defined by extension
and so excluded from the category of mental or meaningful things), Des-
cartes' stong claim as to what is lmown or what might exist thereforc did
not include an 'butside" world at all. The epistemic dimension ofthe world
on Cartesian principles, it was soon realized, became a closed "Cartesian

ci$le" with no way in or out. With irftraterial mind perceiving itself and
no grounds to assert meaningful rclations with, or even the exisierce of,
arything outside the individual self, ego, or self-motivating, self-rcflective
rmnd-in effect no environment at all, the active epistemic act, the subjec-
tive, was simply given. Such a view is clearly inimical to a theory of eco-
logical relations.

Closed-Circle Theory Cultural Ordering,
and the Epistemic Dimension

It is not surprising that post-Cartesian theories of kiowledge, intention-
ality, or meaning would become lhked, explicidy or not, with theories of
cultue and evolution. Culture is cleady an epistemic proc€ss effected by
mea.ningfirl rclations, and the epistemic process itself would cleady seem
!o be evolutionary. What is inieresthg, howevet is that post-Carlesian the-
ories of knowledge ate typically seen to be allied either with culh[al or
{ith evolutionary accounts as two competing paradigms-lhe work of the
later Wittgenstein, Kuhn, and others beilg exemplars of the first, and that
of Popper, Campbell, Irrenz, and others being exemplars of the second
(Munz 1985, 198?). Suppofiers ofthe first view (' closed-circle theoristd'),
who have wom itrcommensuability and relativism alnost as a kind of
badge of erlightenment, look to sociology or social psychology as the
basis for meaning and intentionality, while evolutionary epistemologists,
supporters of the second view, look to evolutionary theory or, more panic-
ularly, to Darwinian theory as the grouDd for the epistemic dimension. In
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this subsection, I bdefly review the former The latter is discussed in the
context of the next section, which deals specifically with evolution.

The roots of closed-circle theory can be found in Durkleim and Mali-
nowski, in the "sociology of knowledge" of Mannheim, in Marx and
Engels' earlier work on ideology, and in Sp€ncer's work before them. All
of these. howevet. should not be construed as closed-circle theorists in the
exfteme postmodem sense ofwittgenstein and Kuhn. The common tbrcad
that unites this Iineage is that cultural ordering is seen to detennine indi_
vidual action. This core idea was later associated with what came to be
known as functionalism, in contast to what is sometimes called Psychol-
ogism, ihe idea that cultural systems arc rational coDstructions of individ-
ual intentional agents. In the fomer view, mther than culture being taken
as the mtional construction of individuals, instead individuals are taken as
component prcductions of cultural systems. The contdbutions of the func-
tionalists werc substantial in that they rccognized cultural systems as self-
organizing systems. The problem, however, was that they had no theory of
self-organization.

Malinowski, in explicit reaction to psychologism as well as the then_
prevalent evolutionary views of history or culture, held that cultural sys-
tems were effectively closed circles where the parts all function lo main-
tain the whole. Given that, in this view, lhe circular relations that define the
system are seen to rcfer back to themselves-that the function of the sys-
tem is to maintain itself-"cultural systems werc said to exist sui Seneris.
Everything is thus explained with respect to something else that happens
intemal to the circular relations of the system. Here we see the beginnings
of the hansposition of the Cadesian circle from the individual to the cul-
tural or social psychological level.

Wittgenstein took this latent idea of cultural Cartesianism and made it
more explicit. The epistemic dimension of the world, rather ihan consti-
tuted through the self-referential circular rclations of the individual human
mind as it had been for Descartes, was satd to be constituted through the
intersubjective circular relations of humans within a cultulal system.
Meanings, said Wittgenstein, are formulated and stated in "language

games" consisting of a set of rules that constitute closed circleg of mean-
ings. There are no individual meanings because there is no individual lan-
guage, and because such systems are closed circles, there can be no
ostensive pointing or reference to anything outside the system (i.e., an
objective "world"). What is more, because meaning is entirely rclative to
the rules of each system and, thus, meaning invaiance across cultural sys-
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tems is denied, such circles of meaning are incommensumble wiih respect
to each other. Truth thus vanes from one closed circle to the next and can
only be measured with respect to the rules, or authority, of a particular
communrty,

In the influential history and philosophy of science of Kuhn, Wittgen-
stein's closed-circle language games were tumed into paradigms, and the
history of science was now seen as the shift from one paradigm to another
(scientific revolutions). Because reality, according to this vieq is taken to
be the ideal construction of human cognizels operating unde! particular
paradigms and since paradigms as closed circles are incommensurable with
each other, there is no way to talk of prcgress in science, a direction in time,
or advancement frcm one paradigm shift or revolution to the Dext. Without
meaning invariance there is no way to make a comparison. In this view, Ein-
stein's physics, for example, do not subsume or explain Newton's but are
simply different. Neither one is "truer" ihan the other. They are simply
incommensuable. Thepostmodem structuralism of Foucault and Derrida,
and the postmodem pragmatism of Rorty which in ei{ect uses Foucault to
justify Wittgenstein (Munz 1987), are all closed-circle theories that share
the common premises of the rclativity of meaning to circularly closed sys-
tems and the incormensuiability of such systems with rcspect to each other
and an extemal world. Closed-circle theory carries forward the anti-realist
position of positivism, but at the same time challenges its rationality.

While closed-circle theory is often given as a kind of enlightened alter-
native to modemism, it is itself modemism carried to a certain post-Humean,
post-Kantian, exueme conclusion. The Cartesian core is still there, only
wrapped in sociological packaging and uansposed ftom the individual to the
cultual level The most severe prcblems fall into three main arcas.

1. Closed-circle theory is anti-evolutionary.

Because closed circles are incommensuable with respect to each other,
there is no way to assert that they are part of aJl evolutionary process or that
any such process even exists, There is no way to provide an ordinal mea-
sure with rcspect to time. Closed-circle theory is time-symmetric. From
the view of closed-circle theory Einstein's theory could have preceded
Newton's; the theory of oxygen could have prcceded the theory of phlogis-
ton; the theory of heat and the conservation of energy could have preceded
the caloric; and the periodic table of elements might just as well have come
before the theory that earth, firc, air, and water constituted the basic ele-
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ments. Closed-circle theory thus fails (or does not care) to recognize or
account for evolutionary dynamics, and this includes the active and expan'
sive nature of the epistemic act, or epistemic dimension, itself. This anti-
evolutionary foundation is underpinned by the inte$ubjective idealism of
closed-circle theory, which extends to the exteme the Canesian-Kantian
anti-ecological tradition of effectively putting humans at the center of the
unlverse.

2. Closed-circle theory invokes an illegitimate teleology at its core.

By making the fundamental reality the circular rclations that define a
cultural system, closed-circle theory including its functionalist ancestors,
substitutes formal causality (the form or shape of a thing in this case, the
circular relations) for the efficient cause that constitutes the usual notion of
causality in modem science (e.g., such as that found in various bottom-up
mtionalist schemes such as "psychologism," or in billiad-ball mechanical
models in physics). Cultural systems arc seen to be self-organizing sys-
tems of sons which, in the production of their components or component
relations, function toward their own ends, in panicular, to maintain them-
selves. But at the grcund of modem science from which it stafis and for
which no replacement theory is offered, there is no principled basis pro-
vided for where such ends or end-directed behavior can come from. The
ends simply point back to themselves, and this is precisely ihe problem that
discredited virtually every one of closed-circle theory's functioDalist
ancestors before it (Swenson 1990; Tumer and Maiyanski 1979). The tele-
ology of closed-circle theory is thus more of a kind of religious than a sci-
entific asse(ion. It requires defeating some widely held scientific
assumptions but provides no principled basis for doing so.

Downward causality has haditionally been rejected by biology because
it does not fit into the explanatory fiamework of natural selection (dis-
cussed morc fully b€low), ard by physics because downward causality
constitutes macroscopic ordenng in a world which, according to the
received view of thermodynamics, should be collapsing to microscopic
disorder In addition, no matter how it is assumed that closed circles get
ordercd in the first place, the fact tlat they remain so sui generis, or without
outside relations or ostensive pointing, makes them ideal perpetual motion
machines of the second Knd a flight in the face of what many (e.g-,
Eddington 1928) have called the most fundamental and unbreakable of all
the laws ofohvsics.
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3. The intersubj€ctivity at the core ofclosed-circle theory begs the old
Cartesian questions and doubles the problem.

Briefly put, meanings for the closed circle theorist exist in the pe.sistent
and invariant relations constituted through the intersubjectivity that define
the closed circle. To each individual, however, this iequires persistent and
invariant relations with a world.Tlltrile herselfor himself, and that requiies
a non Caftesian theory of perception. ln sho(, the intersubjectivity of
closed-circle theory requires breaking the Cartesian circle at the individual
level, since the individual mind is no longer simply perceiving itselfbut is
perceiving something extemal, in rclation to which it comes to be detei-
mined or defined. This requires a commensurability between knower and
knovr'n which undercuts the ground of closed-circle theory. Once the indi
vidual Ca(esian circle is broken, there is no p.incipled basis to maintain
the cultural one (viz., once one has admitted the fundamental existence of
a self-other relation, there is no principled basis to confine this only to
otler humans).

EVOTUTTONARY EPTSTEMOTOCY ECOTOCTCAL SCttNCE,
AND THE PROBLEM(S) WITH DARWINISM

AS THE THEORY OF EVOLUTION

The Second Postulate of Incommensurability

As noted above, Cartesian metaphysics cane full-blown into modem
biology with Kant. who argued correctly that the active striving of living
things could not be fathomed as pan of a dead, reversible mechanical world.
Rather than questioning the impoverished physics. however, Kant pro-
moled a second major dualism, between biology and physics, or between
living things and their environments. Call this the "second postulate of
inconmensurability" (Swenson 1996). The argument, grounded on the
view of the incommensurability between the active, striving, intentional
dynamics of living things and their "dead" environments, is still prcmoted
today by leading proponents ofDarwinian theory (e.9., Mayr 1985). Bolt-
zmann's interprctation or hypothesis ofthe second law of thermodynamic s
has played acrucial role, as already noted, in giving apparent legitimacy to
lhe view that physics has nothing to say to biology-its principles being not
simply foreignbut hostil€ to it. Darwinian theory, from Darwin on, had little
us€ for physics in its theory. Darwin, in Lewontin's words, 'tomplerely
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rejected [the] world view...that what was outside and what was inside were
part of the same whole system" (1992, p. 108). This carried the allti-eco-
logical Caftesia[-Kantian postulates dilectly into evolutionary theory and
made the theory as inimical to ecological science as its ancestral relatives.

Evolutionary epistemologists, as noted in the preceding section, have a
view al,nost directly opposite to that of the closed-circle theorists (€.9., see
Callebaut and Pinxten 1987; Radnitzky and Bafiley 1987). wlereas
closed-circle theodsts such as Mttgenstein and Kuhn arc arch anti-evolu-
tionists, evolutionary epistemologists look to evolutionary theory in par-
ticular to Darwinial theory to provide an account of the epistemic
dimension. Evolution, on this view, is taken to be a continuous and pro-
gressive Icrowledge acquisition process following from natual selection,
in Popper's words, from amoeba to man. Every living thing, according to
this view, has knowledge in the expectations on which its intentional
behavior depends, and this k:rowledge, as a consequence of natuml selec_
tion, is taken to be (hypothetically) [ue, since if not true, to put it simply,
the tiving thing in question would be dead. While to the closed-circle the-
orist, true knowledge follows from cultural auihority under a particular
paradigm, to the evolutionary epistemologist it is determined with rcsPect
to the pedormance of an epistemic agent in the world. Scientific knowl-
edge is seen to be continuous with evoluton by natural selectlon, since it
too involves a tnal and error process of selection through the FoPosal and
retutation of falsifiable hypolheses (Campbell 1987).

The problem with evolutionary epistemology is its reliance on Darwin-
ian theory Darwirfsm's Cartesia[ postulates eliminate it a priori ftom the
task that evolutionary epistemologists would like to have it Pedorm. More
specifically, two irnnediate problems, either of which by itself would be
sufficient to disqualify Darwinian theory from providitrg an account of the
epistemic dlmension, can be quickly given. They are mentioned herc bul
are discussed iD more aletail with the other "big" prcblems of evolution
below The first is that Darwinian theory assumes intentional dynamics to
begin with, and this puls alr explanation of intentional dynamics outside its
theory The second is that the claim that evolution is a progrcssive knowl-
edge acquisition process is an assertion that can be neither made nor
explained on the grounds of Darwinian theory because the rclevant
observable (fitness) is relarivized to members of breeding populations
These and the other prcblems below can all be seen to follow from the
position evolutionary theory has backed itself into as a consequence of the
Cartesian Dostulates at its core.
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ceneral versLrs SDecific Theories of Evolution

The alream of uniting the two apparently opposing rivers, it should be
noied, did not escape Fisher who imagined that the two apparendy oppos-
ing dircctions of biology and physics "may ultimately be absorbed by a
more general principle" (1958 tl930l, p. 39). Lorenz, one ofthe founders
of evolutionary epistemology, wrote that the aspect of life "most in need of
explanation, is that, in apparent contradiction to the laws of Fobability, it
seems to develop from...the more probable to the less prcbable, ftom sys-
tems of lower order to systems ol higher order" (1973, p. 20). For Spencer
(e.9., 1852, 1862, 1892), who defiDed the term evolution and populadzed
lhe idea in numerous best-selling books prior to Darwin, biological evolu-
tion was part of a more general universal process of evolution. Spencer
defined evolution as a process of the tramformation of less-ordercd to
morc-ordercd states following ftom natural law (the "law of evolution").
Spencer was never able to supply the physical basis for his law of evolu-
tion. As a consequence of its asserted, if not demonstrated, nomological
continuity (viz-, biological ordering as a special case of universal order-
ing), Spercer's general theory of evolution was at least an attempt at a
commensuable mther than incortunensurable theory and stands now as an
early statement of evolution as a law-based self-organizing process.

With the ascendancy of Darwinism, evolution was taken out of its uni-
versal context, and the meaning of the term was reduced to biological evo-
lution alone (see also Swenson 1991b, 1992, 1996, In press-a, In press-b).
According to Malr ( 1980, p. l2), the "almost universally adopted definition
of evolution [today] is a change ofgene frequencies" following ftom natual
selectioil This was the "final implementation" ofthe basic Darwinian con-
cept, except that the focus was shifted by neo-Darwinism from organisms
to genes, It was with the rcduction ofthe meaning of the term evolution from
a universal to a biological process that the Caftesian-Kantian postulates were
built into the corc of evolutionary discoume, and with them the major anom-
alies of Darwinian theory. These are not simply the problems of evolution
but true anomalies with respect to Darwinian theory because, as will be seen,
they are problems that its core postulates preclude it ftom answering.

The Problem(s)with Darwinism as the Theory of Evolution

There are six main problems with Darwinism to be highlighted and dis-
cussed:
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1. Natuml selection requires the intentional dynamics of livirg things
in order to work, and this puts the intentional dynamics of living
things outside the explanatory framework of Darwinian theory.

The core explanatory concept of Darwinian theory in all its various
forms is natural selection (Depew and Weber 1995). Evolution, according
to Darwinism, follows irom natural selection, and natural selection is
entailed by a situational logic (Popper 1985): f certain conditions hold,
t e'? natural selection will necessadly follow These conditions arc: herita-
ble variation, finite resources, and the fecundity principle, a biological
p.inciple that captures the active striving of living things. Natural selec-
tion, said Darwin, follows ftom a populatioD of replicating or rcproducing
entities with variation "striving to seize on every unoccupied or less well
occupied space in the economy of nature" (1937 [1859], p. 152). Because
"every oryanic being" is "striving its utmost to incrcase, there is therefore
the strongest possible power tending to make each site support as much life
as possible" (DaMin 1937 t18591, p.266). Paraphrasing Darwin, the
fecundity principle, which refers to the intentional dynamics of living
things, thus says that nature acts in a way that "maximizes the arnount of
life per unit area" (Schweber 1985, p. 38) given the consuaints. But notice
that the situational logic ftom which natural selection follows nakes natu-
ml selection dependent on the intentioDal dynamics of living things. Natu-
lal selection does not explain the intentional dynamics; it is a consequence
ol them, and this puts intentional dynamics outside the explalatory fiame-
work of Darwinian theory.

2. Darwinism has no observables by which it can addrcss or account
for the dirccted natu& of evolution.

That evolution is a progressive or dirccted process (meaning, going in a
direction) is seen in the cited statements of Fisher and Lorenz and is evident
to anyone who looks at the planetary evolutionary rccord (e.9., see Figure
1). It is a core idea for evolutionary epistemology, which sees evolution as
a prcgressive knowledge acquisition process, as Popper put il, from
"amoeba to Einstein," where the knowledge a thing has is measued by its
"fitness." But Darwinism, in effect, is a time-symmetric theory and has no
observables that can be used to measure the direction of evolution at all,
especially fitness. Because fitness is relativized to members of breeding
populatioDs, the fitnesses of diferent kinds of things, as in the case with
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closed circles in closed-circle theory are incommensurable with respect to
each other and cannot be compaled (e.g., Fisher 1958 [ 1930] ; Sober 1984).
One zebra that runs faster than another, better avoids prcdato$ and thus
produces more offspdng, can be said to be more fit than the slower zebm,
but a zebm can not be compared on the same basis to a mouse or an
amoeba. Mice can only be judged more o! less fit thar other mice, and
amoebas with respect to other amoebas, and this makes fitness an incom-
mensurable observable with respect to evolution writ large. Darwiniad the-
ory has no grcund from which to measure or account for the directed natue
of evolution and, in pafiicular, no ground for evolutionary epistemology to
claim evolution as a progrcssive knowledge acquisition process. To justify
this claim would require evolution to be about something other than fitness.

3. Because natural seleciion works on a competitive population of
many, and the earth as a planetary system evolves as a population of
one, Darwinian theory can neither recogmze nor address this plane-
tary evolution.

One of the most important empirical facts that has come to be recognized
in recent decades is that the Barth at the planetary level evolves as a single
global entity (e.9., Cloud 1988; Margulis and Lovelock 1974; Schwanz-
man et al. 1994; Swenson and Turvey l99l;Vemadsky 1986 t19291). The
present oxygen-nch atmosphere, put in place and maintaired by life over
geological time, is perhaps the most obvious prima iacie evidence for the
existence and persistence of planetary evolution (see Figure 1). with lhe
shift ofthe Earth's redox state to oxidative some two billion years ago, evo-
lution undeniably became a cohelent planetary process. Because the evo-
lution, development, and persistence of all higher-order life has depended
and continues to depend on the prior existence and persistence of evolution
at the plaletary level, this single planetary system may well be considered
the fundamental unit of terestrial evolution. Without question, an under-
standing of planetary evolution is fundamental to evolutionary theory, to
ecological science, and to a theory of cultural evolutioD and human ecol-
ogy. Yet, this poses a major problem for Darwinian theory because the
planetary system as a whole cannot, by definition, be considered to be a
unit of Darwinian evolution (Dawkins 1982; Maynard Smith 1988). Dar-
winian theory, which defines evolution as the consequence ofnatural selec-
tion acting on a competitive replicating or rcproducing population of many,
calnot addrcss or even recognize planetary evolutron because therc is no
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replicating or reproducing population of competing Eafih systems on
which natural selection can act, The Eafth evolves as a population of one.
Natual selection is seen to be a pro€ess intemal !o the evolution of the
planetary system and, thus, rather than explaining terestrial evolution, nat-
ulal selection awaits an explanation of planetary evolution by which it, as
a madfestation, might be explained (Swenson 1991a).

4. Darvinian theory has no account of the insensifivity to initial condi-
tions (like consequents from unlike antecedents) requircd to account
for the reliability of intentional dynamics or the evolutionary record
writ large.

Contempomry Darwinian theory is characterized by a commitment to the
assumptions of gradualism, continuous chango, reductionism, and emcient
or mechanical cause. The dyDamics of its theory are based on the difncult
(if not impossible) marriage of a kind of Laplacean determinism, namely,
that like antecedents produce like consequents-that, for example, if the
initial conditions or microconditions are changed, the nacroscopic dynam-
ics will be different-and the belief at the same time that there exists a cer-
tain amount of microscopic randomness, variation, or "eror" in the world.
The latter is supported by the most widely held views of quantum mechan-
ics (viz., that probability is, in fact, objective). The consequence of these
assumptions with respect to tenestrial evolution writ large is that it is seen
as a process where, in effect, "arything goes." Given the condltion of
midoscopic randomness, if one rewound the tape of evolutionary history
back to some point in the distant past and played it again, it would tum out
"entirely different" every hme one rewound the tape (e.9., Gould 1989;
Williams 1992, p. 3). Yet, if such a micro-macro relation were uue, ifliving
things werc sensitive to initial conditions in this way, the characteristic
proporties of terrestrial evolution writ large and, in particular, the inten-
tional dynamics of living things, would be inconceivable. Real-world sys-
lems of this kind show a remarkable insensitivity to initial conditions: They
are "end-specific" not "start-specific," to use Dyke's (1997, this volume)
felicitous terms. They repeatedly produce the same end states from differ-
ent initial conditions, and they are requircd to do so in order to survive,
because, regardless of the ultimate facts of quantum mechanics, rcal-wo d
initial conditions arc never the same twice. This remarkable insensitivity to
initial conditions on which terrestrial evolution as we know it depends, is
umecognized and unaccounted for by Darwinian theory.
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5. The inconnnensuability between biology and physics assumed by
Darwinian theory provides no basis within the theory according to
which epistemic or meaningful relations between living things and
their environments can take place.

The fecundity pinciple on which the Darwinian view of evolution cru-
cially depends assumes the active intentional dynamics ol living things-
the meaningful determination ol their end-directed behavior However,
given the Cartesian psychology or theory of perception at the core of Dar-
winian theory the rejection by Darwinism that what is hside and outside
are part of the same whole system (Lewontin 1992), there is no principled
basis for meaningful relations to take place. The outside or physical world
is a world of extension, while the inside world, the biological or psycho-
logical part, is a world of intension. This re-creates the Cartesian problem
of dualist interactionism. An ecological science reqlrjd]es ut ecological evo-
lutionary theory and such a theory requires a non-Cartesian theory of per-
ception, or an ecological psychology, to show a pnncipled basis according
to which meaningful relations can take place. A theory such as Datwinism
that holds biology and physics, or living things and their environments, to
be inconunensuable ca rot proviale a principled basis for meaningful
relations; and, because the evolution of life is distinguished by intentional
dynamics or meaningful rclations, such a theory is deficient not only as an
evolutionary epistemology and an ecological science but as a theory ol
evolution in general, too.

6. Evolution according to Darwinism is defined as a change in gene
ftequencies, and this puts cultural evolution outside the reach of
Daryinian theory.

Clearly, as a consequence of the rate at which it is transforming the
planet, cultual evolution is of great import to those interest€d it terrestrial
evolution in goneral and ecological science in particular. For evolutionary
epistemologists, cultural evolutioD is pan of a continuous process of
knowledge acquisition, and for human ecology, cultual evolution is
clearly central to its subject matter By defining evolution as a change in
gene fiequencies, however, Darwinian theory can have little to say about
cultural evolution at all, which "is not really evolution at all" @awkins
1986, p. 216) under this definition. This is not a mere techrical point. The
interests of genes, and the interests of "memes" (rcughly speaking, the
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ideas that are replicated by cultural systems as their principle hereditary
component [Dawkins 1986; Dennett, 1995]) are incor[nensumble, and so
are biological and cultural evolution on this view

AUTOCATAKINETICS: A THEORY OF EMBEDDED CIRCLES

Symmetry Breaking and Symmetry Making: Autocatakinesis,
and the Ceneralized Metabolism of Dynamic Flow Structures

An ecological science requires a demonshation of why, conhary to what
most evolutionary theorists believe, biological aod cultual evolution arc
not a negation ofphysical evolution. It requires a principled basis for uniting
the two rivers, or otherwise apparendy two-directional unive$e, which
Fishe. and many othem have pointed out. It re4uires alNwering the Lorenz
questioD about why evolution as a whol€ appea$ to be a progressive process
that moves ftom more probable to inseasingly less probable states. It needs
to show why, if the tnnsition ftom disorder to order is infinitely improbable,
as Boltzmann argued, the world is in the ord€r-production business. Wltat
is more, it must show the basis for the meaningfirl relations by which the
intentional dynamics of biological and cultural ordering are distinguished.

ldentity through Flow

As noted bdefly above, part of the attmcflon of Descartes' passive,
"dead," quality-less world of physics was that it required extraphysical
ordering to get it ordercd. Tho mechanical world, maale of hert, reversible
particles incapable of ordering themselves---as Boyle (Lange 1950 [ 187?],
p. 255) pointed out, like the "ingenious clock of Strasburg Cathe&al"-
must have an intelligent artifrcer to account for it. In addition to Boyle, the
argument ftom design was made repeatedly throughout the rise of modem
science. Paley's famous venion about finding a watch on a beach and
knowing that it had to have had a watchmaker to design it, is the oDe Dar-
win is credited with undemining by using the idea ol natural selection-
ftom which came Dawkins' ( 1986) metaphor of the blind watchmaker. But
there is a serious category error in these arguments-Damelt that non-arti-
factual systems, such as livirg ones, are not the same kinds of things as
mechanical artifacts. In different terms, if you found a watch on a beach, or
wherever, it certainly would make sense to imagine that it had a$ artificer
to desigr it, because nothing like it has ever beeD found in the unive$e, as
far as anyone knows, that was not artifactually produced.
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Machines or artifacts are defined by static order Their identity is consti-
tuted and maintained by static components-the siune components, exter-
nal repairs excluded, in the same positions with rcspect to each other.
Living systems, from bacteria to cultural systems, as self-organizing or
spontareously ordered systems, are defined by dynamic order. Their iden-
tities are constituted thrcugh the incessant flux of their components, which
are continuously being replaced from raw materials in their environments
and being expelled in a morc dissipated form. Persistence (the form of the
thing) at one level (tle "macro" level) is constituted by change at the com,
ponent level (the "micro" level). In more techtical terms, living systems
are autocatakinetic systems while artifactual systems ate not. The class of
autocatakinetic systems includes more than just living systems, and this
immediately suggests a connection between living and nonliving things
tlat will become more apparent later.

Dust devils, hurricanes, and tomadoes, for example, are all autocataki-
netic flow structues whose identities are constituted in just this way: by
the incessant flux ofmatter and eneryy pulled in from, and then excreted or
expelled back into, their environments in a more degraded or dissipated
fbrm (see Figure 2). An autocatakinetic system is defined as one that

maintains its \elf'as an entity constituted by, aDd empirically traceable to, aserof
nonLined (cn ubrly causal) rehnons though ihe dissipadon or breakdown of neld
(envircnnental) potentials (or resources) in the continuous coordiDated motion of
its components (frcm autojself + carar'down ' + kinetic, "of rhe motion of mte-
rial bodies atrd rhe forces md energy asociated therewith,' from kidein, ro cause
1o move ') (swenson 1991a).

The imponance of understanding living systems as flow structures with
behavior generic to the class was emphasized in the lirst half of this century
by B€rtalanffy (e.9., 1952), and later by Sckiiedinger (1945), who popu-
lariz€d the ideaofliving things as streams oforder which,like flames, con-
stitute themselves by feeding off "negentropy" (energy potentials) in their
environments. Prigogine (e.g., 1978) called such systems dissipative struc-
tures. The root of the idea goes back at least to the pre-Socratic Heraclitus
(536 B.C.) who, in contmst to Parmenides, for whom trxe reality was
entirely static, characterized the world as a continual piocess of transfor-
mational flow, ard its objects as constituted by a generalized metabolism
or combustion- Centurieslater, in De A/rima, Aistotle, stressing the active
agency and generalized metabolism, consumption, growth, and decay of
such systems, said of fire that it "alone of the primary elements learth,
water, air, and firel is observed to feed and incrcase itself'(194?, p. 182).
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So!re: Photo outesy of the National 5*E storru LaboEto,/.

fiSrrr€ 2. A tornado is an example of an aulocatakinetic system, a dynamically
odercd flow structure whose identity in contEst to a machine or anifac! is
connituted not by a set of padculd componenE typically occupying fixed positions
with respe€t to each other, bot by the ordefed relation, maintained by the inc€ssnt
flow of its componentr. The dynamical order that detine the peEktence of an
autocatakinenc system as an object at the macro level is maintained through constant
change at the micro level. This incessant flux of componenb can b€ thought of as a
genemlized metabolism by which the s)6tem maintains iilelf by pulling environmental
potentials (or resourc€s) into its autcatakinesis, which it retums in a more d'ssipated
form. All living things frcm bacteria to human cultural $/rtems, as wel| as the planetary
s-ystem as a whole, which maintains a constant level oi oxyen bythh sane Senenlized
proc€ss, are members of the class ot autocatakinetic s)6tems.

In modem times, the idea was picked up by IribDiz who, following Hera-
cliur$, desdibed the dynamical persistences of the world as in a state of
"perpetual flux, like rivers lwhere] the parts are coDtilually entering in and
passing out" (Rescher 1967, p. 121). The idea was first used as part of a
general theory of evolution by Spencer (1852; swenson Ir prcss-b).

Figure 3 shows a schematic of a generalized autocetakinetic syslem.
Circular causality, as in closed-circle theory and its various relatives



Autacatakinetics, Evalution, and Entropy 21

sourc€: Adapredfrcmswenso.lr9S9b,p 19r).copyr8hror939byPe€adon.Adapredbypermhsion.

rArre 3. A Sene.dlized au,ocat linetic s)a en r'and r'r indrate a sour.e and a
sink with the difference between them constitltins a field Dotential witi a
rhemodyndmi.  ror .p.  l r  u  Brddipnr  or  d polpnr id l .  r }e magnirude or  wr i .h . '  r
measurc of the difference behveen them. ̂ fi is the energy flow at the input, the drain
on the potential which is transformed into entropy production As at the output. f"' is
the internal potential caified in thecircular relations thatdefine the srstem byvirtueof
ils d'stance from equilibrium that acts ba€k to amplii/ or maintain input duinggrowth
or non-g.owth phases rcspectivelywith an intema force f2

play a central role in autocatakinetic systems, but in contmst to the
autonomous circular relations of closed-circle theory which refer only
to themselves, the circularity that deines an autocatakinetic system
defines and maintains it in relation to its environmental sources. Auto-
catakinetic systems are embedded circles whose existence is inseparable
from their environments both in actuality and by definition. In contrast
to generalized Cartesian or closed circles, the circularity that defines the
existence of autocatakinetic systems refe$ to the autocatakinetic-envi
ronment relation. Tbere is no existence or self-reference for an autocata-
kinetic system independent of this relation. The rest of this section
sketches some of the important generic behavior of autocatakinetic sys-
tems, and the following section describes the nomological basis for this



22 ROD SWENSON

dynamical ordering and the way it is manifested in the intentional
dynamics of living things.

Order Produc:tion, Symmetry Breaking,
and Space-Time Dimensions

Simply put, symmetry is invariance over change. Something is symmeF
dc under certarn operations or transformations if those operations leave it
unchanged-if it remains the same or, put alifferendy, is conserved under
those operations. The greater the number of symmetry operations that can
be perfomed on a thing to which it is indifferent or remains unchanged,
tho greater its symmetry. With geometric objects, for example, a sphere has
greater symmetry than any other with rcspect to its rotational symmetry
group beqause it is Ieft invariant under arbitrary rotations around any axis
passing through its center. Because these rotations can take on any value,
the rotational symmetry grcup of a sphere is said to be continuous. In con-
trast, the symmetry group of a cube is discrcte mther than continuous, and
its syrnrnefry is considerably lower. It is syrnmetric only under rotations
around an axis thrcugh its face centers of 90 degrees, 180 degrees, 2?0
deg€es, and 360 degrees (fourfold rotations). As this example shows, dis-
continuities constitute a break or reduction in syrnmetry, and from this we
see that spontaneous order production-the appearance of an autocataki-
netic system where therc was none beforc---constitutes a s).rnmetry-break-
ing event. There is now an object wherc there was no object before, and
such an object constitutes a discontinuity in the field or environment ftom
which it arises. When a tomado comes into being in a sky where there pre-
viously was no tomado, it brcaks the symmetry ol the sky.

This is further illustmted with a classic labomtory example of spontane-
ous ordering, or self-oryanization, Ioown as the Bdnard experiment (see
Figure 4). Ir tllis experiment, a viscous fluid (silicone oil) is placed in a
dish and heated uniforr y ftom below. As a consequence of the diference
in temperatue, or gradient, between the hot bottom (source) and the cool
air on top (sink), a potential exists which results in a flow of energy as heat
from source to sink. Figure 4 shows two time slices from this experiment.
The left-hand photo shows the aLsordered or Boltzmann fegime where the
potential is below a minimal threshold, and the source-sink flow is pro-
duced by the mndom, or disordered, collisions of molecules. [r this
regime, the surface of the system is smooth, homogeneous, alrd symmetri-
cal. Any part can be exchanged wiih any other without changing the
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fSrre 4. Two time slices from the 86nad experiment. The firct tjme slice (eft)
shows the homogeneous, or disodercd, "BolEmann regime," wherc entropy is
produced by heat flow trom the disodered clllisions of the molecules (by
conduction), and the second (righo ,hows entropy production in the ordered regime.
Sponlaneous ods a ses when the field ootential is above a minimum critical
threshold, and stochasDc micrcscopic fluctuations are amplified to macrcscopic le!€ls
as hundrcds of million, of molecules begin moving in an ordedyfashion together.

appearance or dynamics of the system at all. WheD the potential is
incleased beyond the ffitical threshold, however, the situation changes dra-
matically as spontaneous order mises and the symmetry of the disordered
regime is brcken. The dynarnical ordeling of the system produces macm-
scopic discontinuities with distinct space-time odentations that make it no
longer possible to arbiharily exchange one part for another.

The relation betweetr order production, symmetry baeaking, and space-
time dimensions is an important one and can be brought further i-nto focus
by looking at the B6nard expedment in more detail. Figure 5 shows the
ordered autocatakinetic flow of molecules constituting an individual
B€nard cell. Here, by way of the stream lines, we can see in detail the way
the continuous flow of components at the microscopic level constitutes the
structure at the macrcscopic level. As this fgrrle helps visualize, because
the intrinsic space-time dimensions for any system or process arc alefined
by the pemistence of its component relations, the transformation ftom dis-
order to order increases its dimensions dramatically. Put in different terms,
the symmetry breakilg that occu$ in the prcduction of order ftom disordet
implies a dramatic indease u a system's space-time dimensions.

23
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figrre s. The autocatakinetic flow of the fluid constituting a B6nad cellis shown by
the smallarro$6.I -t 12 isthe heatgndient between the heatsource belowand the
sink above that constitutes the potential that motivates the flow Because denrity varies
inversely with temperature, there is also a density gEdient frcm bouom to toP Siving
groups of molecules ('parcels") that are displaced upwads by stochartic collisions an
upward buoyant force. It the potential is abo!€ the minimum thrcshold, parc€ls will
move upwad at a faster rate than their exc€ss heat can be dissipated to their
surrounds. At the same time, such an upward flow of heat will increase the
tempenturc ofthe upper sudace dircctly above iL crcatitrg a surface tension Sndient
13 --) Iawhich willactto fufther amplify the upwad flow by Pulling the hotter fluid to
tne cools surrounds. The uDward displacement of fluid creates a vacuum efiect
pulling more heated Iluid tom the bottom in behind it, which in tum makes room for
tie fluid which has been cooled by its movement acros, the top, to fall, be heated,
and carv the cvcleon, and autocatakinesit ha, been established.

In the ordercd rcgime of the B6nard experiment, the intrinsic sPace-time
dimensions are of the order of seconds and centimetors. It takes the fluid
some seconds to make an autocatakinetic cycle between source a$d sink,
and the distance covercd, or the dimensions of a single cell, such as that
shown in Figure 5, can be measured in centimeters. This is in stark contmst
to the disordercd rcgime wherc the intrinsic space-time dimensions alte
defrned by mean free-path distances and relaxation tlmes (the distances
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and times between random or disordered collisions) and are on ihe order of
l0 8 centimeten and 10_15 seconds. From this, it is seen that with the
breaking of symmetry in the production of spontaneous orde! the system
accesses and fills new dimensions of space-time beyond the reach of its
previous regime. The same generic dynamics can be seen with respect to
terrestrial evolution in Figlre 1 . Here, spontaneous ordedng occurs at sym-
metry-breaking events as minimal critical lhrcsholals of ahnospheric oxy-
gen are reached with the system! as a consequence progiessively filliltg
new dimensions of space-time and moving, contary to the Boltzmann
interpretation of the second law' increasingly further fmm thermodynamic
equilibdum. This rclationship between spoDtaneous ordenng and the fill-
ing or extension of space lime dimensions, as the final section of this paper
will show, provides an important piece to the apparent puzzle of the river
that flows uphill. From this, evolution on Earth can be seen as a process of
symmetry-breakhg events by which the terrestrial system as a whole
accesses new dimensions of space-time and moves progressively funher
from equilibrium. This proviales a set of observables that establishes the
direction or time-asymmetry of evolution.

lnsensitivity to lnitial Conditions, Downward Causation, or
Macrodeterminacy, and the Cenericity of Populations of One

The preceding sections dealing with closed-circle theory and Darwinism
as the theory of evolution showed a number of major problems or anoma-
lies that rcnder both of these apprcaches inimical to a comprehensive evo-
lutionary theory to an account of intentional dynamics, or to the active
epistemic dimension of the world. As a corsequence, the approaches arc
inimical to ecological theory. Given the anti-ecological Caitesian postu_
lales at each of their cores, this is inevitable- Neither prcposes a universal
embedding, by which I mean an embedding in a physical world that is
commensurable \rith the behavior the approaches would like to explicale.
By contrast, the shrdy of autocatakrnetic systems implies commensurabil-
ity. By their definition and by their behavior, they exist through, and as dif-
ferentiations of, the larger systems or world from $/hich they atise.

Living systoms arc a kind of autocatakinetic system. In particular, they
are autocatakinetic systems withreplicating components.Autocatakinesis,
self-oryanization, or spontaneous ordenng, howeve! is a unive$al prcp-
erty that is not dependent on, and thereforc is not explained by, replicating
components---{r, in alifferent terms, is not explained by biology or culture.
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It is the universality of spontaneous ordering, or autocatakinesis, that pro-
vides the basis for understanding the commensumbility of all self-organiz-
ing systems in Seneral. In this subsection, although it is unde$tood that the
fact of autocatakinetic systems (viz., the nomological basis for the dver
that flows uphill in relation to the river that flows down) remains to be
explained until the next section, it will be shown here that the major prob-
lems or anomalies of insensitivity to initial conditions, downward causa-
tion, and populations of one, are generic properties and behaviors-
everyday expected behavior-and are not anomalies or prcblems within
the context of autocatakiletic systems.

Real-world systems-particularly, but not by any means exclusively, liv-
ing things and the intentional dynamics that distinguish them-arc
remarkably insensitive to initial conditions. Because orthodox theory
adheres to an impovedshed causal description of the world-namely, that
it is essentially microdetermined-it has no basis to admit what amounts to
macroscopic causality or downward causality into its explanatory frame-
work. It is for this sarne reason that it cannot address the problem of the
population of one. Put in simple and blunt terms, it fails to recognize the
unive$ality of autocatakinesis, or self-organization, and assumes with its
Cartesian postulates and Boltzmannian themod),namics an incommensu-
ftble physics. Insensitivity to initial conditions, downward causality, and
macrodeterminism are generic properties of autocatakinetic systems. We
retum to the B€nard experiment agai!, in more detail, for an illustration.

Retuming to Figure 4, the right-hand photo shows the system filled with
Benard cells ofvariable size and shape shordy after the critical threshold has
been cmssed. As time continues, howevet a spontaneous process of selec-
tion occuls that includes the subsumption of smaller cells by larger ones, the
competitive exclusioD of smaller cells by larger ones, and the spontaneous
division, or fission, of larger cells to smaller ones (e.9., see Swenson 1989a,
1989b, 1992, In pless-c, for ihe time-series). The end rcsult is a regular array
ofhexagonal cells ofunilorm size and shape. Now, the point to make is that
the variability that is seen in Figure 4, which is at the beginning of the pro-
cess, is a consequence of the fact ihat order production is stochastically, or
randon y, seeded. The end state, however, is macrodetermined.

In particular, in the disordered regime the dynamics are characterized by
raldom collisions between microcomponents which constitute fluctua-
tions around an avemge state. When the critical threshold is qossed spon-
taneous order is seeded by any fluctuation anywhere in the fluid that is of
a minimal amplitude. Since the location and actual amplitude of such fluc-
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tualions are stochastically determined, the cells will form at differcnt
places in the fluid and will grow at different rates every time the experi-
ment is done. Seconds aft€r the critical threshold is crossed. the fluid ihus
fills with cells of variable size, but each and every time the experiment is
run, the variability ir the size and shape is progressively elimimted by a
process of selection to prcduce a final state of regularly arrayed hexagonal
cells of unifom size aitd shape. In a decidedly non-Laplacian fashion, dis-
similat micto-antecedents l€ad to similar maqoscopic consequences. Here
we see a process of "blind variation" in the stochasticity of the microcom-
ponents in the disordered regime, and a lawful process of selection leadiDg
to a macrodeterminate result. Random initial conditions at the micro level
do not mean that ihe evolution of the system is random or undetermined.
Initial conditions, which can vary dmmatically relative to their own ftalne
of rcference, need only meet some minimal genenl conditions, and the
laws of form do the rcst.

A number of other generic pmperties that can be observed in this exam-
ple bear poi ing out. wlen the critical threshold is rcached in the B6nard
cell experiment and the fluid fills with cells, every cell arises idtially as a
population of one. The population of one is not anomalous with respect to
autocatakinesis: Autocatakinetic systems a/e populations of one, and the
general conditions for the establishment of autocatakinetic systems are
generic acrcss scales. In each case, this involves; (1) stochasticity or "blind

vadation" at the micro level that "seeds" order at the macro level; (2) cir-
cular causality that amplifies the microscopic seeding to establish autocat-
akinesis at the new macroscopic level; and (3) a source-sink gndient above
some minimal critical level sufncient to pump up or 611 out the new dimen-
sions of space-time that the establishment and maintenance of autocataki-
nesis entails. The specific details of the establishment of macroscopic
order in the Bdnard experiment are discussed in the legend to Figure 5.

As the generic description implies, autocatakinetic systems are devia-
tion-amplifying systems, to use Maruyama's (1963) term. They come into
being as a consequence of positive feedback which acts to amplify small
deviations or displacements away ftom thermodynamic equilibdum.
Although negative feedback and homeostasis follow natrually from posi-
tive feedback as a consequence of various limits to growth or laws of foml
that follow ftom the finite nature of space-time, autocatakinetic systems
come into beilg and are characterized by growth and by the departure from
thermodynamic equilibdum. Typically, providing suf fi cient environmental
potential exists when the system reaches a limit (a critical minimal thresh-
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old), order production continues either hodzontally, by fissioning, or ver_
tically through the production of a new macroscopic level.

Because autocatakinetic systems are dependent on their surfaces for
pulling in environmental potential, and bocause in isometric growth sur-
faces incrcase as the square of a linear dimension while the volume
indeases as the cube, some form of surface-volume law, or related laws of
form, typically determines a minimum and a maximum size that a system
can be beforc fissioning. Again, fluctuations play an important role in the
symmety-brcalsng process. Below a cdtical threshold, they arc damp_
ened; and above it, they are amplified. This genedc order-prcducing
dynamic is seen from simple physical systems, such as the B€nard experi
ment (see Swenson 1989a, 1989c, 1992, for photos of issioning of Bdnard
cells) to bacteria, and through to the autocatakinesis of cultural ordering
and planetary autocatakinesis as a whole.

From early Paleolithic to early Neolithic times, to take a cultunl exam_
ple, the hominid population increased from some few tens of thousands to
something like 5-10 million, but not through a corr€sponding increase in
the size of autonomous communities (not by building new levels of order,
or vertical ordering or grou,th). Raiher, it was thrcugh the proliferation by
fissioning of the number of communities (i.e., by horizontal gowth), from
something like 1,500 at the beginning of the Paleolithic to some 75,000 or
so at the end (Cameim 198?). The fissioning of autonomous villages,
given a supply of initial conditions within tolerance limits, as with the
B6nard case, is a macrodeterminate prccess, Below a critical size or
threshold, social interactions which can be thought of as fluchralons or
deviations from the mean (e.9., adultery, theft, disharmonious acts of
witchcraft) are damped. When an autonomous unit exceeds a certain min-
imal size, however, these same microconditions arc amplified to macro-
scopic prcportions and fissioning occuls. This fissioaing was the almost
exclusive means of growth of human culture for some 99 percent of its
history until suddenly, and within a short period of time, aJter certain crit_
ical envimnmental thresholds were reached, vertical ordering occurred
when previously autonomous units were pulled into the emergence of
nation states, not once but repeatedly and independently, in numerous
sepa$te locations. As Cameirc has shown "[w]here the appropriate con-
ditions existed, the state emerged... [and, for example, in the Valley of
Mexico, Mesopotamia, the Nile Valley, and the Indus Valleyl the process
occurred in much the same way for essentially the same reasons" (1970,
D. 733).
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Spontaneous OrderinB Occurs Whenever lt Cets the Chance

Finally, let us retum to the B€nard experiment to emphasize perhaps the
most important point with respect to spontaneous order production. Here,
it can be seen that order arises, not infinitely improbably, but with a prcb-
ability ofone, which is to say it arises every time, and as soon as the critical
threshold is reached. Spontaneous ordering occurs, in other words, as soon
as the opportunity arises. This conforms with the biological extremum (the
fecundity principle) that takes the prcduction of as much biological order
as possible to be t}le "inierent property" of life, and the evolutionary
record writ large. It sugBests that the production of higher ordered fofms,
including the origin oflife itselfoccun€d, not as a rep€ated series of astro-
nomically improbable accidents (which certainly would be "infinitely

improbable"), but as soon as it had the chance-that the oigin of life on
Earth appear€d not after some long lifeless time but as soon as the Earth
was cool enough to support oceans, and that ihe higher-ordered forms
appeared as soon as minimal levels of atmospheric oxygen werc rcached
(Figure 1).

If the world in general produces as much order as it can, what is the
nomological basis?The answer is given in the next section, and it provides
the principled basis for unilying the two otherwise apparently incommen-
sunble rivers.

WHY THE WORTD IS IN THE ORDER-PRODUCTION
BUSINESS: THE NOMOLOCICAL BASIS

FOR INTENTIONAT DYNAMICS

Symmetry and Broken Symmetry ABain: The Classical Statements
of the First and Second Laws of Thermodynamics

The insistence of Heraclitus on the importance of persistence and
change, and his view of the world as an ongoing process of flow, would
certainly seem to qualify him as the foremost ancient progenitor of what
would become the science of thermodynamics. Leibniz's assertion that
therc must be something that changes and something that remains the
same, or something conserved, and his very aggressive work to identify the
conseryed and active quantities ofthe world, certainly qualify him as the
modem founder of thermodynamics. The work of Mayer and also Helmo-
holtz, who among others are credited with formulating the fiIst law, can be
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taced in a direct lineage to Leibniz. One may also locate legitimate roots
for the laws of themodynamics in those who searched for symmetry prin-
ciples, Parmenides among them, because the fiIst and second laws, under-
stood in the deepest sense, arc symmetry pdnciples. Eddington (1928) has
argued that the second law holds the supreme position among all the laws
ol nature, but it is probably more accurate to say that the first aid second
laws together hold the supreme positions among all the laws of nature,
because they are each dependen! in a cenain way upon the other

Following the oarlier work of Davy and Rumford, the fust law was fint
formulated by Mayer, then Joule, and later Helmoholtz in the first half of
the nineteenth century with various demonstatioN of the equivalence of
heat and other foms of enelgy. The law was completed in this century with
Einstein's demonstration that matter is also a form of energy. With ils rec-
ognition that all natual processes can be understood as flows or hansfor-
mations of differcnt forms of energy, and that the total qua$tity of energy
always remains the same, or is consewed, the fitst law provided the basis
for unirying all natural processes ihmugh the recognition of their underly-
ing time-translation symmetry. The fiIst law, in other words, expresses
what remains the same thrcugh all natural processes, regardless which way
one goes in time. This presumably would have made Parmenides happy
because as far as the first law goes, nothing changes or, in other words,
therc is no time. When the potential energy of an elevated body of water is,
by its fall, tumed into mechanical energy to drive a mill wheel, and the
mechanical energy in tum is dissipated into the surounds as heat from the
ftiction of the millstone, the total amount of energy is consefled, or has
remained unchanged, and that is what the first law says (that energy is
never crcated or destoyed is, thus, another statement of the frrst law).

Until Clausius and Thomson (who later became Lord Kelvin) came
along, there was nevertheless some confusion and doubt about this law.
This was because, as Joule's expedment (see Figure 6) demonsfating the
conservation of eneryy unintentionally showed, there is a broken s'.rnme_
t4/ to natural processes, a one-way flow of things that, in conhast to the
first law, establishes the notion of time, or a difference between past,
present, and future. The same is easily seen with the example of the mill
wheel. It was the relation between the symmety on the one hand, and brc-
ken symmery on the othe!, that Clausius and Thomson showed with their
fornulaflon of the second law in the 1850s. The work of Camot, some 25
years earliet brought the problem to a head. Camot had observed that, like
the fall of a strea$ that tums a mill wheel, it was the "fall" of heat from
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figure 6. Expeiment devised by loule to show the conservation of energy. When a
constaint is rcmoved, potentialene€y in the fom ofasuspended weightis convened
into the mechanical or kinetic energy of a moving paddle wheel in an eneryy-tight
conLainer of water, heating the water by an amount conskt€nt with the amount of
potentialene€y lost by tne fallingweight.

higher to lower temperatules that motivated a steam engine. That this work
showed an irreversible destuction of "motive force," or potential for pro-
ducing change, suggested to Clausius and Thomson that if the fust law was
true, then contrary to popular misconception energy could not be the
motive force for change. Recognizing in this way that the active pdrciple
and the conserved quantity could not be the same, they rcalized that there
must be a second law involved. Clausius coined the word entopy to refer
to the dissipated potential, and the second law states that all natural pro-
cesses proceed so as to maximize the entropy (or, equivalendy, minimize
or dissipate the potential), while at the same time energy is ontirely con-
served. The balance equation of the second law' exprcssed as

as>0

says that in all realworld processes. entropy always increases.2 3

The active nature of the second law is intuitively easy to grasp and
empirically easy to demonsfate. Figue ? shows a glass of hot liquid
placed in a rcom at a cooler temperature. The difference in iemperatures in
the glass-room system constitutes a potential, and a flow of energy in the
form of heat-a "drain" on the potential-is produced ftom the glass
(source) to the room (sink) until the potential is minimized (the entropy
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figrre 7. A Slass of liquid at temperature y' is placed in a room at tempeEture ldr
such thati > y''. rhe disequilib um prcduces afield potentialthat rcsultr in aflow of
energy in the folm of heat AQI from the Slass to the room so as to drain the potential
untl it is minimized (the entropy G maximized), at which time themodynamic
equilibrium is reached and all flows stop. aal = ^Qg refers to the conservation of
ene€y in thatthe flow frcm the glass equals the tlow of heat into the rcom

maximized) and the liquid and ihe room are at the same tempemtuie. At
this point, all flows and, thus, all entropy ploduction stop, and the system
is at themodynamic equilibrium. The same PrinciPle applies to any system
wherc any form of energy is out of equilibrium with its surrounds (e.g.,
mechanical, chemical, electrical, or energy in the form of heat), a potential
that real-world processes act spontaneously to minimize.

The Second Law as a Law of Disorder

The active macroscopic nature of the second law presented a dircct chal-
lenge to the "dead" mechadical world view. Boltzmann tded to meet the
challenge by rcducing the Iaw to a statement ofprobability following upon
the random collisions of mechanical particles. Following Maxwell, and
modeling gas molecules as colliding billiard balls in a box, Bollzmann
noted that widr each collision, nonequilibrium velocity distdbutions
(groups of molecules moving at the same speed and in the same dircction)

-LO'" = LO';
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would become increasingly disordered, leading to a final state of macro-
scopic uniformity and maximum miqoscopic disorder: the state of maxi-
mum enhopy (wherc the macmscopic uniformity corresponds to the
obliteration of all field potentials). The second law, Boltzmann argued, was
thus simply the result of the fact that in a world of mechanically colliding
palticles, disordered states are the most probable. Because there arc so
many more possible disordered states than ordered ones, a system will
almost always be found either in the state ofmaximum disorder-the mac-
rostate with the greatest number of accessible microstates, such as a gas in
a box at equilibrium-or movirg toward it. A dynamically ordered state,
one with molecules moving "at the same speed and in the same direction,"
Boltzmann concluded, is thus "the most improbable case conceivable...an
infinitely improbable configuation of energy" (1974 [1886], p. 20).

Boltzmann himself ackrowledged that his hypothesis of the second law
had only been demonstated for the case of a gas in a box near equilibrium,
but the science ofhis time (and up until quite recendy) was dominated by
linear, near-equilibrium, or equilibrium thinking, and this view of the sec-
ond law. as a law of disorder. became widely accepted. The world. how-
ever, is not a linear, near-equilibrium system like a gas irl a box, buf instead
is nonlinear and far from equilibrium, and the secoDd law is not reducible
to a stochastic collision function. As the next subsection oudines, rather
tian being infinitely improbable, we now can see that spontaneous order-
ing is the expected consequence of natural law.

Why the World ls in the Order-Production Business

The idea that living things violate the second law of thermodynamics
was temporarily deflected in the middle of this centuy when Bertalanffy
showed that "spontaneous order...can appear in [open] systems" (1952, p.
145)-that is, systems with energy flows running through them-by virtue
of their ability to build their oder by dissipatiDg potentials in their envi-
ronments. As briefly noted above, along the same 1ines, pointing to the bal-
ance equation of the second law, Schrijedinger ( 1945) popularized the idea
ol living things as streams of order which like flames are permitted to exist
away ftom equilibrium because they feed on "negentropy" (potentials) in
thef enviFnme4ts. These ideas were further popularized by Prigogine
(e.9., 1978).

Schiidhger's important point was that as long as living things like
flames (and all autocatakinetic systems) produce entropy (or minimize
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potentials) at a sufncient mte to compensate for thei own intemal ordering
or entropy rcduction (the ordered departure and persistence away lrom
equilibrium), theD the balance equation of the second lau which simply
says that entiopy must increase in all natural processes, would not be vio-
lated. According to the Befialanffy-Schitedinger-Prigogine view, order
car1 arise spontaneously, and living things are thus permitted to exist, as it
became popular to say, so long as they "pay their entropy debt." wlile this
made an important contribution to the discouse and worked for the classi-
cal statement of the second law per Clausius and Thomson, in Boltzmann's
view such "debt payers" wero still infinitely improbable. Living things
\rere still infinitely imprcbable states struggling or fighting against the
laws of physics. The urgency toward existence captured in the fecundity
pdnciple and the intentional dynamics it entails, as well as planetary evo-
lution as a whole, werc still entirely anomalous on this view with respect to
universal law. What is more, as the B6nard experiment shows, simple phys-
ical systems also falsify the Bolgmann hypothesis. Order is seen to arise,
not infinitely improbably, but with a Fobability of one, thal is, whenever,
and as soon as it gets the chance. The nomological basis for this opportu-
nistic ordering was still a mystery a point emphasized by Bertalanffy him-
self, who suspected there might be another thermodynamic principle that
would account for this "build-upism" (Koestler 1969, p. 52) or, in the terms
we have been using, the dver that flows uphill.

space-Time Relations, Order Production, and
a Return to the Balance Eouation of the Second Law

There are two key pieces to solvhg the puzzle or problem of the two
incommensurable rivers. The first is discovercd by retuming to the balance
equation of the second law. As discussed above and illustrated in Figure 5,
tansformations from disorder to order dramatically increase the space-
time dimensions of a system. What Bertalanffy and Schldedinger empha-
sized was that as long as an autocatakinetic system produces entropy fast
enough lo compensate for its development and maintenance away from
equilibrium (its owD intemal enfopy reduction or increase in spacetime
dimensions), it is permitted to exist. Ordered flow' in other words, to come
into being or exist must function to increase the mte of entropy prcduction
of the system plus environment at a sufficient rate-it must pull in suffi-
cient resources and dissipate them-to satisfy the balance equation of the
second law. This implicitly makes an important point, which was not spe-
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figure 8. The disconnnuous increase in th€ 6re of heat transood that fo om frcm
the d'sordeFto-orde. transinon in a simple fuild expe menr simital ro that shown in
ligurc 4. The,ate olheaL transpon in rhe disoidered reBime i5siven by [E and k( - a
is thc heartranspod In t le ordercd rcgime D.l .roaarcatxim-r, secrrt

cifically noted by Bertalanfry or Schroedinger and which caJl now be stated
expliaitlyt Ordercd fow must be more efrcient at dissipatihg potentials
than disordered fow. Figure 5 shows exactly how this works in a simple
physical system. Figure 8 5hows the dramatic increase in the rate ofheat
transport from souce to sink that occurs in the uansformation ftom the
disordered to ordered state. Given the balance equation of the second law,
the superior dissipative emciency of ordered flow could not be otherwise.
This impofiant point brings us to the second and final piece of the puzzle.

The Law of Maximum Entropv Prcduction

The crucial final piece to the puzzle of the two rivers, the one that pro-
vides the nomological basis for dissolving the postulates of inconmensu-

.75.5.25

disorder
to order
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ftbility, is the answer to a question that classical thermodynamics never
asked. The classical statement of the second law says that enuopy will be
maximized, or polentials minimized, but it does not ask or answer the ques-
tion of which of the available paths a system will take to accomplish this
end. The answer to the question is that tfte tyrten \9iII select the path, or
assehbly of paths oat of otherwise arailable paths, that minimizes the
potential or nrLtimizes the entropy at the fastest rate Siven the constraints.
This is a statement of the law of maximum entroPy Production and is the
physical principle that provides the nomological basis, as will be seen
below, for why the world is in the order-production business (Swenson
1988,1989d, 1991a, r99lb, 1992, 1996; Swenson and Turvey 1991) Note
that the law of maximum enFopy production is in ddd;tion to the second
law. The second law says only that enfiopy is maximized, while the law of
maximum entropy production says it is maximized (potentials minimized)
at the fastest rate given the constraints. These ale two separate laws becaqse
the second, in pdnciple, could be falsified without changing the first Like
the active nature of the second law' however, the law of maximum entropy
production is intuitively easy to grasp ard empirically demonstmte.

Consider the example of the warm mountain cabin sittiFg in cold, snow-
covered woods (Swenson and Tuvey 1991). The differenie in temperaturc
between the cabin and the woods constitutes a potential, and as a conse-
quence, the cabin/woods system will produce flows of energy as heat flom
the cabin to the woods so as to minimize the potential. Initially, s}pposing
the cabin is tight, the heat will be flowing to the outside primadly by con-
duction tbrough the walls. Now imagine opering a window or a door and
thus removing a constraint on the late of dissipation. What we know intu-
itively, and can confirm by experiment, is that whenever a constmint is
removed and a new paih or drain is provided that increases the mte at
which the potential is minimized, the system will seize the opPorhrnity.
Futhermore, since the opened window will not instantaneously alrain all
the potential, some heat will still be allocated to conduction through the
walls. Bach path will dlain all that it can, the fastest (in this case, the open
vdndow) Focuring the greatest amount with the rcmainder going to the
slower paths (in this case, cotduction thrcugh the walls). In other words,
regardless of the specific conditions or the number of paths or dmlns, the
system will automatically select the assembly of paths from among those
otherwise available so as to get the system to the final state, to minimize or
drain tlle potential, at the faltest raie given the constmints. This is the
essence of the law of maximum entropy production. Now, what does this
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have to do with spontaneous ordering, with the Flling of dimensions of
space-time?

Given the preceding, the reader may have already leaped to the correct
conclusion. fthe world selects those dynamics that minimize potentials at
the fastest rate given the constraints (the law ofmaximum entropy produc
tion), afid r/ordercd flow is morc emcient at reducing potentials than dis-
ordered flow (derivation from tlle balance equation of the second law), tften
the world can be expected to produce order whenever it gets the chance,
The world is in the orderproduction business because ordered fo\| pro-
duces entrcpy faster than disordered fow (Swenson 1988, 1991, 1992,
1996; Swenson and Turvey 1991). Contrary to the older Boltzmann view
where the prcduction of order is seen as infinitely improbable, given this
new understanding, the worldcan be expected to produce as much order as
it can, which is to say, to expand space-time dimensions whenever the
oppoftunity arises. Autocatakinetic systems. in other words, are self-
amplirying sinks that pull potentials or resources into their own develoP-
ment and persist away from equilibrium by extending the space{iriie
dimensions of tle fields (system plus environment) from which they
emerge, and thereby increase the dissipative rate. The law of maximum
entropy production, when coupled with the balance equation of the second
law, provides thenomological basis fordissolving th€ postulaies ofincom-
mensurability, and unifying living things with their environments-for
unifying the two otherwise apparently incommensurable dvels that flow
up and downhill, respectively. Rather than an incommensurable, inexplica-
ble, and infinitely improbable anomaly-the river that flows uphill-the
active ordering that characterizes terestdal evolution, of which biological
and cultural evolution are components, is seen to be an €xpected manifes-
tation ofunive$allaw

End-directed Behavior Dependent on Meaning

There is an extlemely impoitant propefty of the intentional dynamics of
living things, or of the river that flows uphill, tlat rcmains to be addressed.
At the beginning of this paper, intentional dynamics were defined as end-
directed behavior prospectively controlled or determined by meaning, or
information about paths to ends, and this was contrasted with end-directed
behavior which can be understood as detemined by local potentials and
fundamental laws. Examples of the latter were a river flowing down a slope
or heat flowing down a gradient. We can elaborate this discussion, given
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what we have covered in the interceding pages, by including examples of
autocatakinetic systems such as the Bdnard experiment, tomadoes, and
dust devils, systems that we call self-organizing but do not say are chamc-
terized by intentional dynamics. The autocatakinesis of such systems,
which breaks symmetry with previously disordered regimes to access and
dynamically fiIl higher-ordercd dimensions of space-time, is still deter-
mined with respect to local potentials with which they typically remain
pemanently connected. The autocatakinesis ofliving things, in contrast, is
maintained with respect to nonlocal potentials, potentials discontinuously
locatedin space-fime towhich they are not permanently corurected (Swen-
son l99lb, In press-a; Swenson and Turvey 1991).

If we understand from universal principles that the world acts, in effect,
to maximize its extension into space-time, or to produce as much order as
possible, we can see immediately what intentional dynamics provide. By
providing the means for linking together or accesslng and dissipating dis-
continuously located, or nonlocal, potentials in the building of order,
intentional dynamics provide access lo vasl regions of space-time that are
otherwise inaccessible. Just as there is a qualitative leap in the tmnsforma-
tion of disorder to ordet with respect lo the polentially accessible dimen-
sions of space-time it offen, intentional dynamics constitute a syrnmetry-
brcaking or qualitative leap in terestrial order production. Likewise, the
odgin of human cultural systems which with highly developed symbolic
langauge that may be thought of as intentional dynamics about intentional
dynamics, provides dramatic access to new dimensions of space-time-
also a terrestrial symmetry-breaking event (see Dyke's u997, this volumel
discussion on the increase of space lime dimensions in human cultural
systems).

In the section on evolution, it was shown that the assertion of evolutionary
epistemologists that evolution constitutes a progressive knowledge-acqui
sition prccess from amoeba lo Einstein, was an assertion that could notbe
made (nor accounted for) on the grounds of Darwinian theory. According
to Darwinian theory, amoebae and Einsteins arc incommensurable and
heDce,like Kuhnian paradigms or generic closed-circles, aie incompamble.
It was pointed out that evolution would have to be about something other
than fitness to make the assertion that evolutionary epistemologists would
like to make. Our understanding that from a universal standpoint, tenestrial
evolution is a planetary process about entropy production maximization,
and as a consequence the filling of space-time dimensions, provides the
principled basis to make the assertion. Terestdal evolution is indeed a pro-
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gressive knowledge-acquisition process from amoeba to Einstein (more
appropriately, from Archean prokaryotes to the contemporary globalization
ofhuman culture) thrcugh which the systemleams, ineffect, to access new,
otherwise inaccessible, space-time dimensions.

But now' the part that still needs explaining: If intentional dynamics are
not determined by local potentials, then how are they determined? To sim-
ply say they are meaningfully determined, at this point, begs the question.
Autocatakinetics has the property of insensitivity to initial conditions, or
the prcperty of macrcdeterminacy, but what is the basis for the maclod€-
terminacy of intentional systems if not local potentials? The B6nard con-
vection, which in effect "solves the packing prcblem" by producing a
regular array of hexagonal cells dudng the cou$e of its evolution or
developmenl, can be understood in terms of the system's proximal rela-
tion to, or embeddedness within, a field of local potentials. But, how is
intentional behavior determined with respect to non-local or distal poten-
tials? How does it solve the packing prcblem with respect to nonlocal
potentials? What is the physical basis for the epistemic rcIations by which
the accessibility of new space-time levels of order are effectively opened
up? How, in other words, does one get from an otherwise meaningless
world of extension, or usual physical description, to a meaningful world
ofintension?

From Extension to lntension

We retum to our first principles-in particular, fi$tlaw syrnmetry sec-
ond-law broken symmetry and the law ofmaximum entropy production as
ordering principle-for immediate clues. First, we rccogdze that, consis-
tent with themodynamic inquiry, the seatch here is for macroscopic
observables. Autocatakinetic systems are macroscopic systems, embedded
in maqoscopic flow' and the search is thus Dot for "meanirg" in individlal
particles but for macroscopic flow variables that capture invariant proper-
ties with relevance to intentional ends. Following the sane methodology
suggests, further, that the search for macroscopic observables involves a
search for syrnmetry and broken symmetry-for observables that captue
the nomological relation between persistence and change of the distal
obj€cts of intention with respect to the prcximal or local space-time posi-
tion of the epistemic subject.It tums out this is exactly the insight of Gib-
son's (1986; Swenson and Turvey 1991; Turvey and Shaw 1995)
ecological conception of information. The idea developed by Gibson with
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respect to animals and their environments has now been extended to life in
general and embedded in auniversal thermodynamic context by "neo-Gib-

sonians" ard "third-wave Gibsonians" (e.9., Peck In press; Swenson In
press-at Swenson and Turvey l99l;Turvey and Shaw 1995). The core idea
is deceivingly simple but has profound explanatory consequences.

Living things are embedded in ambient energy flows (e.9., optical,
mechanical, chemical) for which the mean eneryycontentis extremely low
rclative to the energy used by living things from their on-board potentials
to power their intentional acts. As a consequence of fi$t-law symmetry
lawful or invariant relations exist between the macroscopic properties of
such ambient energy distributions and their sources, with the funher con-
sequence that the former can be used in the prospective control of inten-
tional ends to specify or detemine the latter. A chemical gradient that
lawfully specifios the source of their food can be used by bacteria, diffu
sion fields of diffusing volatiles that lawfully specify the sources of their
intentional ends may be used by animals, and fields of mechanical waves
and optical fields can be used in similar ways.

A particularly crucial and widespread rcquirement for the intentional
dynamics ofmany living things is the ability to effect controlled collisions.
Examples include soft collisions with little or no momentum exchange. as
in a bird tanding on a hanch; hard collisions with substantial momentum
exchange, as when a pr€dator attacks a prey; and collision avoidance,
where the ends of an intentional agent require that it not collide witl par-
ticular things. The fact of fiIst law symmetry m€ans tlat "information

about" such collisions is lawfully carried in the ambient eneryy field (the
"optical flow field") that transfonns itself as a living thing moves through
it. Just as in the B6nard case, where local potentials and laws of folm spec-
ify the origin, production, and development of order, so too it is with non-
local potentials and the invariant or epistemic prcperties ofambient energy
flows with respect to intentional dynamics.

Following the case of controlled collisions futhet the time to_contact
(r) as shown in Figure 9 is determin€d by the invene of the rclative rate of
expansion of the optical flow field, and the infomation about whether a
coltision will be hard or soft is given by the rime derivative or rate of
change of the relative rate ofexpansion (t) (L€e 1980; Kim et al- 1993).
ln the case ofa bird landing on a branch and requiring a soft collision, for
example, the rate of change must be

(n) > .5.
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FiSute 9. Ime-to contact, t, 's determined by the inveEe of the relative hte
ofexpansion ofthe opticalflow tield, A.

This example shows how a single macroscopic variable nomologically car-
ried ir the optic flow caJI precisely detemine the intentional dynamics of
living things-in this exarnple, when a particular bird must open its wings
to decelemte now so that it does not, in effect, qash into a branch later This
deceptively simple understanding exposes the fact that not only are the
shapes and forms things assume nomologically determined by laws of form
(e.9., there is, within tolerance, a requisite ratio between flight muscle
weight and body weight, or between wing span and body weight, or between
brain weight and body weight [e.9., Alexander 1971]) but that information
about, or meaning, carried in macroscopic flow variables, nomologically
detemines the behavio! of things toward their inientional ends.

coNct ustoN

Ecological science addresses the relations of living things to their environ-
ments, and the study of human ecology addresses the particular case of
humans. There is an opposing tradition built into the foundations of mod-
em science of separating living things and, in particular, humans iiom their

t o  t t
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environments. Beginning with Descartes' dualistic world view, this tradi-
tion found its way into biology by way of Kant, and into evolutionary the-
ory through Darwin, and it manifests itself in two main postulates of
incommensurability: the incommensumbility between psychology and
physics (the "first postulate of incommensurability") and that between
biology and physics (the "second postulale of incommensurabiliiy").

The idea of the incommensurability between living things and their envi-
ronments gained what seemed strong scientific backing with Boltzmann's
view of the second law of thermodynamics as a law of disorder, according
to which the transformation of disorder to order was said to be infinitely
improbable. Ifthis weie true, and until very recently it was taken to be so,
then the whole of life and its evolution becomes one improbable event after
another. The laws of physics, in this view, predict a world that should be
becoming more disordered, while terrestdal evolution is characterized by
active order production. The world, in this view seemed to consist of two
incommensunble or opposing "ivers," the river of physics which flow€d
down to disorder, and the dver ofbiology, psychology, and culture, which
"flowed up," seemingly working to produce as much order as possible.

As a consequence of Boltzmann's view ofihe second law, evolutionary
theorists up to present times have held onto the beliefthat "organic evolu-
tion was a negation ofphysical evolution" (Levins and Lewontin 1985, p.
69) and that biology and culturc work somehow to "defy" the laws ofphys-
ics (Dennett 1995). With its definition ofevolution as an exclusively bio
logical process, Darwinism separates both biology and culture from their
universal, orecological, contexts and advertises the Cartesian postulates of
incornmensurability at its core. These postulates are inimical to the idea of
ecological science. An ecological science, by definition, assumes contex-
tualization or embeddedness, and its first line ofbusiness must be to under-
stand the nature of embeddedness. This requires a universal or general
theory of evolution that can uncover and explicate the relationship between
the two otherwise incommensurable dvers, and put the active ordering of
biological and cultural systems, of terresrial evolution as a time-asynrmet-
ic process back inro the world.

The law of maximum entropy production, when coupled with the bal-
ance €quation ofthe second law and the genenl facts of autocatakinetics,
provides the nomological basis for such a theory. Together, they show why,
rather than living in a world where order production is infinitely improba
ble, we live in and are products of a world that can be expected to produce
as much order as it can. Together rhey show how the two otherwise incom-
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mensurable riven physics on the one hand, and biology, psychology, and
culture on the other-are part ol the same universal process. They show
how the fecundity principle and the intentional dynamics it entails are spe-
cial cases of an active, end-directed world opportunistically filling dynam-
ical dimensions of space-time as a consequence of universal law The
epistemic dimension-the urgency toward existence, in Leibniz's terms-
that charactedzes the intontional dynamics of living things and is
expressed in the fecundity pdnciple, and the process ofevolution writ large
as a single planetary process, are thus not only commensurable with first,
or universal, principles, are a dircct madfestation of them.

The view presented here thus prcvides a principled basis for putting liv-
ing things, including humans, back in the world and recognizing living
things and their environments as single irreducible systems. It provides the
basis for contextualizing the deep and difncult questions conceming the
place of humans, as both productions and producers of an active and
dynamic process of terestdal evolution, which as a consequence of tle
present globalization of culture is changing the face of the plan€t at a rate
which seems to be without precedent over geological time. Of course,
answers to questions such as tlese always lead to more questions, but such
is the nature of the eDistemic Drocess we calllife.
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NOTES

L In fact, Descanes (1644/1975), €cognizing the necesity ofaconservation principle
for a law based physical world, proposed the consenation of modon," which he thoughr
would slill allow him 10 8el dound the problen of inreractionism. He thoughr "mind" could
inbract wilh "matler" by changing i$ direcrion blt nol the qudtiry ofnorion. Motion. as
Leibniz (1696/1925), poinled out. however, is not a.onseped quanrity. Il is momentum
which is conseaed, and moDentum is a vector the consedatio. of which. like rhe conseF
vation of enerSy, would be violaled by exogenous interaction.
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2- It wd Thit wlo ist pointed out how counterintuitive it was to rcfer to th€ dissipalive
potertial of a sysbm as a quantity that increased, and he proposed reversing tle sign so it
would be possibl€ io ialk about entropy (as the polential for change) thus being minimized.
Mdwell picked up oD this, bul it never caqght on. Because the idea of enlropy incr€ase is
oftentimes hdd to conceive, in this t€xt I will oflen use "minjmize the potenial" in addition
to or insiead of "maximize th€ entropy." They should be lalen as eq val€nt expressions.

3. Sinc€ ib coinage by Clausius io refer to the dlssipated potenlial in a syslem the word
"enhopy" ha! talen on numerous, dd non'equiv.lent memings. It is often used to Efer to
non-physical, d well a subjective, or obseNeEdependent qumtities (e.9., Shmnon\ infor
manon "entropy") where the "entropy ' of a system dep€nds on what m individual knows
aboul it. The rcader should be awre that son€ authors iU€gitinat€ly connae th€se meu-
itrgs. In the presedt paper. to be cled, the word enFopy is used in its physical themody-
nmic seNe as denned.

RTFIRTNCES

Aldddea R. 1971- Si?c ard Snap?. Irndon: Willim Clowes & Son.
tuisrode. 1947. "De adnal' Pp. 163-329 iD Intrcduction b Ansone. edit d by R.

McKeotr. New York: Randon House.
Bql'I nt, L. \on�1952. Prcblens oJ Life. \f�ndon: w^fts.
Boltzmann, L. 1974 u 8861. '"Ihe SecoDd t2w of Themodynmlcs:' Pp. t3-32 in Theoret

ical Phrsics and Philosophical Pnrlea, tEns. by S.G- Brush. Boston: D. Reidel
Publishin8.

Brmweu, A. 1989. E rlrp in the 2qth Century: History. New Haven, CT. Yale University

Cnllebaut. W., ud R. Pinxten. eAs. 198'1. Erolutioaary Episte@loEy: A Mubiparddisn
Prc8lan. Dordre€hr D. Reidel Publhhing.

Cal\i,n, W. 1946. The Rieet md Fb\|s Uphi|: A Joumey futu th. Big Bang to the Big
,tuh. Nw York Macmillm.

Cmpbell. D.r 1987. Evotutiomry bpistemology Pp 47-aein tuotutionart Episkn;t-
oEy, Rationality, ad the Sociolost oJ Kno||ledqe, ediredby C. Radnitzry and w.w.
Brdey, IIL La Satle,IL: Open Coun.

Cam€iro, R. 1970. A Theory of lhe Origin of the Stale-" Science 169:733-734.
............_ . 1987. "Village Splilting as a Fmction of Populatim Size:' Pp. 94-124 in Thenes

in Ethnolog! atul Cultuft History: Essays in Honot ofDaeid F Abe e, edire.dby L.
Donald. Meerut: Archda Publications.

Cloud, P 1988- Oasir D Space: Eorth Historylrcn the Be8nrn8. New York; Nonon.
Darwin, C. 1937 t 18591. O, ,h e On8tu ofspecies b! MeoN oJNaturcl Selection or the Prcs-

enatior of Favore.l Races tu thz StruEqle fot Life. Newyolk: D. Applebn-Cetrttnf.
D^wkias, R. 1982. Th. E tendzd Prerctpe. San Francisco: Freeman.

1986. Thz Blind wotchdake. New York: Freeman-
Dennen, D. 1995. Dotuint DNBercw ldea. New Yorh Simon & Schster
DeFqw' D., and B. weber. 1995. Darwi is Erobihg. Cambridge, MA: MIT PEss.
Descartes, R. 1975 [ 1644]. 'CccconsedatioD of Quetity of Motlon:' Pp. 23+266 in Ehery!:

Hi$oncal D.v.loryent ofthe Concept, eAil@dby R. Lildsay. Benchmark Pap€rs On
Energy. Vol- l� Stroudsbug. PA: Dowden, Hutchinson & Ross.



York: Macmillar.
Dyke. C. 1997. The Heuristics of EcoloSical I!te@tion." Pp. 49-97 in Advuces in

HuMn Ecolost, Vol. 6. Gerenwich, CT: JAI Pres.
Eddington, A. 1928. ZT|le Na.urc OfThe Phlsical World. Aan Arboa Ml Am &bor Pap€F

Fisher, R.A. 1958 tl930l. flre G.neticd meory oJ Natwal "tek.rirr. New York; Dover.
Gibson, LL D,9a6. The Ecologicol Apptoa.h to Wual Perceprbr. Hilhdale, NJ: Lawrcn@

Erlbaum.
GNld, S.l. 9J9a9. Wddeful Life: The Burqess Shale dnd the Ndture of His|ory. Nq York:

Kim, N., M.T. Turv€y, and C. Carello. 1993. "Optical InJomation About the Severity of
Upcoming Coltisionsl Jouual oJ Expentu.ntdl Psycholog 19(1): 179- 193.

Koestler. A., and J.A. Snyrhes, eds. 1969. B.yotul Reducno4iw: New Perspectives in the
Lrle Satercei New York Macmilld.

t ange, F r 950 [ 1877]. ?rc Hir tory of Materialisn. Ne\e Yorkr T]e Humanities Pr€ss-
tre, D. 1980- '!\ Theory ofvisual Control of Braking Based on Infomation about Tine-

to-Collision. Perception 5: 437 459.
lcibniz, G.W 1925 [ 1696]. 'Explanation of the New System of Comunicatior Belween

Substdces, by Way of Reply to What is said about il in the Joumal of September 12.
1695:' Pp. 319-330 in The Mobdologt dnd other Philowh,c4l lO t irSr, trans. R.
Larla. t ondon: Oxford Unive6ny Pres.

AutoGtakneri.t, Evolu on, and Ennapy

. l9E6 11637l. Discourse o" Method dkd Meditdtions, rrbs. L. Lafleu, trms. New

. 1953 [17l4l. 
'MolodoloSy:' Pp.249-nZ i,n lzibniz, dans. G. Montgonery ti

Salle, IL: Open Court Publishing.
kvins, R., dd R. lf,wonrin. R. j9A5. The Dialecncal BioloSirt. Cmbridge, MA: Hadd

UriveBity PEss.
Lewontin, R. 1992. Aolosr a s ldeolo4r: Th. Docd^. of DNA. New York riarper Collins.
Lotenz,K. 1973. Behin.l the Mirtut: A Sedrhlor a Naturol History d flM Knodedse.

New Yorkr Harcoun Bnce Jovmovich.
Margulis, L., md J- Lovelock. 1974. "The Biota as Anciert and Modm Modulator of the

E ith's Atmospherel' Zellus 26r I-10.
M@yam. M. 1963. 'The Second Cybemetics: Deviation-Amp!rying Mutual Causal Prc-

' .esses;' Anetican Scientistslt 164-179.
Maynard Smith. J. 1988. "Evolutionary Proeress dd Lvels of Selection." Pp. 219-230 in

Evolutionary Prusless, ediied by M. Nilecki. Chicago: UniveBity of Chicago

Mayr, E. 1980. Prologue: Some Thoughts on the History ofthe Evolutionary Synthesisl'
Pp. l-48 in me EeolLtiddry Syrrrer4, €dited by E. Mayr and W.B. Provine. Cm'
bridge, MA: Hddd Unive6ity Press.

_ . 1985. 'fiow Biology Differs fiom the Physical Sciences:' Pp. 43-63 in E olatiat
at a Cassmdds, editedby D. Depew and B. Weber. Cambridge, MA: MIT Press.

MwWJfrZ,P. 1985. Ow KnowledSe oJ the Gruwth o! KnowledEe: Poppet or Wttse8tein? Lon
don: RoudedSe & Kegd Paul.

'-.--'-------_ . 198?. "Philosophy and the Mirror of Rortyl' Pp. 345-381 ia bohnotury Episre-
nolost, Rotionalirr, a the Sociolog, of KnNledge, edited by G. Radnitzt y and
w.w. Betley, IlI. l,a Salle, lL: Open CoDn.



P@k, A.J. In Press. "Hydrodynmics, Reactive Forc€s, and the Autocatatinetics of Hed-
ia9:' E.olo gical P stcholo g!.

Poppq.K.1985. UnekdedQuesl: AhIhte ectual Autobios.a/ry. La Salle, IL: Open Court.
Prigogine, 1 1978. 'nme, Structurc, ad Fluctualion!-" Sc ieace 20lt 777-785.
Radnitzky, C., and WW. Bartley, m, eds. l9a7 . E olatioaary Epistenolosr, Rationolity,

and the Sociolog! of KwwledSe. La Salle, IL: Open CoDn.
Rescher, N. 1967. ne Prilorophy of kibniz. Engl*ood Clitrs, NJ: Prcntice-Hall.
ScbrijstinSer, E. 1945. M8r ts l,rJ."? New York Macmillatr.
Schwanzmd, D., S. Shorc, T. Volk, md M. McMenamin. 1994. "SeU Orgmiation of the

Earth'N Biosph@-G@chemicar or Geophysiological?" orisins of Life and Evotl-
tion oJ the Biospherc 24: 435-450.

Schweber, S. 1985. "The Wider British Context of DNin\ Theorizingl Pp. 35-69 itr ft"
DaNirian Heritage, e.dibdby D. Kohn. Piinceton, NJ: P.incelon Univenity Prcs.

Sobet E. 1984. me Naturc of Sekcnon: Evolutiondry Theory ii Philosophicol Focus.
Cambridge, MA: Bmdford Books.

Spencer, H. 1852 [1857]. 
"The Social Organism.' Werhirstet Reriew 571468 5Ol.

.lA62. Fint Pdn iples. London: Williams and Norgate.
_. 1892 [ 1857]. "Progess, Ils Law md Causel' Pp. 8 -38 in EssaJs: Sciennfc, Polit-

i.ol, and Spe.ulattue. Nee Yolkr D. Appleton md Company.
Swenson, R.1988. Ernergence and the Principle of Mdjhum Entropy Produclion: Mulli-

Lv€l Systen Theory Evolution, and Non-E4uilibrium Tbemodyndics." PaS€ 32
in Ptuc.e.lings of the 32d AnauaL Meetins of the Interutional Societ Jor Genelal
EstewResearch.-

ROD sWTNsON

. l9E9a. 'Engineering Initial Conditions in a Self-Prcducing Environment." Pp. 68-

1989b. "Emergent Evolution md the Global Afuacror; The Evolutionary Episte-

. 1989c- "Emergenl Attraclors and lhe Law of Maxinum Entropy Prcducnon." S)J,
t n Res.arch 6:|a7- \987
. 1989d. "Caus-in-a-Bor: \ailinS Doqn the Firsr kincipler ofAcrion; P?r.iv-

. 1900. 'Evolutonary Sys@mr and SGiery: world Frr!/pr 30: || |6.
199Ia. "End-Directed Physics atrd Evolutioney o.dering: obviannS the Prcblem

l99lb. "Oraler, Evotution, atrd Natural Law: Fundmental Relalions in Complex

. 1992. 'Autocatokinedcs. Yes-Auropo'es$. No: Sreps Tow&dr a Unj lied Theor)

73 inA Deli.4te Bolance: Techrics, Culturc and Co$equeh.cr, edited by M. Rogen
and N. Wden. (IEEE Catalog No. 89CH2931-4). Los Argeles: Inslitute of Electri,
cal dd Electrcnic Bngineen-

mology of Entropy Prcduction Mt'imlztnon:' Prcceedings oJ the 33.d Aanuol
Meetinq of the Intewtitual Societt for the Systeb Scien .r 33(3): 46-53.

irg-Acting Wo*shop Review (Technical Repon of the Center for the Ecological
Study of Perc€ption and Action) 5: 60 63.

of the Poputatiotr of Onel' Pp.4l-60 in The Crbenetics oJ Conplet Syste6: SeA,
Oryonizanon, bolution, and Socidl Chanse, edlredby F. Geye. Salinas, CA: InteF

System Theory." Pp. 125-l4a iL Clbemetics dkd Applie'l Slstenr, edired by C.
Necoila. New York Mffcet Dekkei

of Evolutiondy Ordsingl' /rtem@tional Joumol of Genercl Ststeru 2l(2), 207
228.



Aulocatal/inetics, Evolution, znd Enttow

|996. "IhlmodFmics dd Evolurioa:' li Itu En rclopedia oj Conparutiv.
Psyholosy e.Ail€dby G. &eenberg and M. Hamway. New York Gadand.

b Press-a. Spo aneous Order. Evolution. and Autocarakinetics: The Nomolog-

In Pr€ss-b. "Evolulionary 'nEory Developins: Ir'e Probld(s) with 'Ddin\

Da gptc,ds ldea: " EcoloSi.al PsrcholoSt.
ln Pr€ss-c. Spontm.oB Or.La EvolutioL and Ndtutul IN: Aa Irttuductiot to

47

ical Basis for the Einergence ofMenine:'la Evolaionory Srstens, edit€d by G. van
de \4jver, S. Salthe, and M. D€lpos.

th. Physi.at Basisfora EcolosicaiPrrcn rosl. Hitlsdale, NJ: Lawrence Erlbauin.
Swdson, R., ard M.T. TuNey, M.T. 1991. 'Thermodlmanic ReasoN for Perc€ption-

Acrion cycbs t' Eco|oIical Psleholog 3(4)t 3l1 -348.
TuEer, J., edA. lr[alyanski. 1979. FwtioMliw.MealoPa*" CA: Benjamin/Cunminss.
Ttrey. M.T., and Rr. Shaw. 1995. '"rowa{ds a! F.rlogical Physics and a Physical Psy-

chology." Pp. 144-169 in Trre kienc. d the Mikd: z(nl and BeyonA, edibdby R.
Solso and D. Mass€.o. Oxford: Oxford Uniissity Prcss.

Vemadsky, Y 1986 [l929l. 7h' tr'dpn'E. Londoft Syn€rgetic Pr€ss.
William, G. 19q2. ,Van /aJ ,Sdlrc,ior. Oxford: Oxford Univ€rsity Pr€$.


