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INTRODUCTION

Autopoiesis (meaning'sel f_producl ion' ,  $as l iar corned and rnlroduced inlo lhe

lirera'rure by Marurani and varela "i with lhe claim lhal il bolh defined the nec-

essary and-sufficient organization of living systems and explained them -The term

tras e-ained a number ofitrong proponents over the years, but almost all of tbe most

ororiinent proponents ha"e usea ir in a "ay inconsrslent wilh lhe claims and staled

lnr.ruion. df tri. orieinul aulhors b) Seneralizine rt lo nonliving andlor cultural (here

-"1"1"" t" .*  sociaU sy,rem,. i  !  . lanrscnr 'zeteny." aid Lunmann 
q'o since

the way- lhe second generalr t)  r lhe cuhural l  rs usual ly achieved is in a way wh'ch

atso admir.  r t re f i rsLi lhe nonl iv ingr.  lhe effecl  of  both general iTat ions i \  lhe same:

it rmmediately fal\ifiee rhe claims ot rhe original authors by destroling their argu-

menl or .uf f ic iency. v iz. .  ; f  nonl iv ing slstems are auloporelrc then autoporesrr rs

in"um"a*,o a.f." dt" Iving These generalizations are particularlv enigmatic since
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by thc necessity of lirst demonstrating the failure of the term 1o perform as claimcd,
it is unclear what the secondary authors are generalizing. Despite this slate of affairs,
lhe original aulhors have repeatedly avoided oppoflunities to refute these arguments
or reformulate their position, ' Ieaving the term they coined to becomc more and

Recently, in rn allcmpt to climinxtc tbc ambiguity of the original fbrmulationG).
Fleischakcr'' has argued thal the sufficiency argumenl can be recovered if (and orly
i0 autopoietic criteria are amended so as to be limired lo nembranc bounded chcm
ical systems whose dynamics are generated by energy throughput rt the lnolecular
scale. The Zeleni and Hufford'_paper which is the "fbcal paper for this present
volume. in contrast. carries the tradition forward by seeking to exploit the ambiguiry
in the originai fonnulation(s) and cxtend the application of the term aulopoiesis to
nonliving and cultural systems. The mrjor problcm in addressing their work is that
it is not clcar, as with earlier papers in a relxted !cin, what explanalory value they
claim or hope to have by ihis move. In earlier work. poinring to rhe hist$y of the
idea of 'self- production '. Zeleni' takes autopioesis as an old idea wilh its i(N1s in
social systems analysis. On this line of argument, Maturana s and Varch s forrnu-
lation becomes just one particular " scnse " of aubpo ies is . B ut autopoiesis was coined
by ihem and cannot be separatcd from the content oftheir writing or what they claim

While I support the interest ofZeleni and Huftbrd in sponlaneous social o.dcring,
I reject the use of the term autopoiesis not simply because it lrcks explanatory value
but because behind it. in its original forln, is a noxious and reprehensible episte-
mological doctrine. By contrast, acco.ding to the view I will present here, we are
ourselves ordered states in a sponlancous evolutionary ordering process by which
order acts back upon order in the production of nrore order. Until recendy this fact
was unaccountable on a physical view of nahrc, bLu this is no longer rhe case. In
this paper, I will address the problem of autopoiesis and indicatc some ofthe insights
into a creative and purposive physical view of the world gained from thc pcrpcclive
of ecological physics.

OBSCURANTIST BAGGAGE

Thc obvious musr be said at once: the generic properiies thal disringuish Iiving from
nonliving order production cannot. by definition. be the same gcncric propcrlies
common to all spontancous order ptuducrn)r or scli organization.'' whether living
or not. Using the sanrc word indiscriminatcly for both sets of properties obfuscates
the differencc rnd m sl be immediately reiected, whatevcr thc word. When Jantsch."'
for example, simply equates sell-organization with auopoicsis hc does violeDsc to
both ternrs; in particular, to self-organization. The lact that nn)st. if not all, self
organizing systems, living or nonliv'ng, cellular or cultural, cm bc shown to Drccl
r h e  d e r r n i r r o n ' \ ,  o I  0 u l o p o r c { .  r , , r i g r n r l l y  d e l n e d  o r  c \ ( n  r h e  m o r c  . p r . r l r .
c n r e f l a  ' r r l r h o u g h n , ' r  F l e i - h r t . ' . ' r J e p e n , l i I t s ' r r  r h e w r )  r h e t e r m s  . o m p o n e n t
production" and "boundary' are deiincd mcrcly points to the ambiguity and lailure
of lhe autopoictic modcl. Certainly lr.!oes not ,nnenLt ||holesal( utloptitrt of the
t.,7 as Jrrllsch. Zeleni, Luhmann. Zeleni and Hufford and othcrs would like to do.
Not only does the conception add nothing to the explication or undcrstaDding of
sponlaneous ordering. but it obfuscates such an e bn with obscuranrist ftchphysical
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baggagc which when unpacked rcvcals a ser of ontobgical and cpistemological claims

and assumptions not merely so unfounded in tact as to be absurd on their facc but

with rcgard to social praxis. arc nol harnless in thcir consequences
That most who use the term rutopoiesis tend !o ignorc the bulk of the contrived

and txutological scheme lo which it is attached is not surprising Only a fcw typical

cases thal capture thc llavor of thc general morass can bc given here For cxample.
whercas to Zeienis and a preponderance ofothers iD thc liierature autopoietic syslems

arc self-organizinS.'5 Matu.rna " says he would never use the notion of selforga
nization, because it cannot be the case i l  is  impossib le.  That  is ,  i f  the ofga
nization changes, the thing changes." 'Scli organization cann(n occur fbr Maturana
because autorniesis is maintained only if thc organization of a syskm remains invarianr';
Maturana's sleight of hand, required ft)r sucb a conservation of 'organization" ro

obtain, is 1o reducc organization 10 the internal rclalions that dcfine
a system's membership in a class.'" Given this redcfinition, lhe organizatn)n dur-

ins the srowth of an rcorn into a full size oak tree rcDrains the sameL5 In another

; " .  -h-*"  Kl i r 'has refened ro autopoiet ic  systcms as "goal 'or ientcd (an ap

Darcntl! unconlenlious chanct€rization. given that Maturana and Varcla dcscribe thenr
ias horneostatjc systems "n t' tt thal "subordinrtc all changes to the D intenance oi

their own organization 
'r), Malurana and Varcla characterize lhem as \yslems with

out purpose, ain, or function.''" Wheteas Zeleni says that srcial synems are NU

topoietic and 1(r study thcm as mechanisms is 'bound to be misplaced, ' Maturana
says thar providing a scicntific explanattun r€quires proposing a rnecbanism and an

autopojet ic  system is ,  mechanist ic  system. 'whereas 1o Luhnnnn autopoie l ic  sys-

tems do not create a material world of their own They presuppose other lcvcls of

reality,":'according to Maturana's 'bringing fonh cpislernology. reality is invented

This kind of solipsistic prochmriion, that evcrything is the invenlnrn of the ob

seners. that 'what we do nor see does not ex;st, '" is grounded on N miracubus

di \u\ \ocratron r r .m lhe ph) . i rd l  qor ld br i l l  Jccpl )  In lo lhe loundr l i 'n : r l  l i ler r l . r rc

o f r u r o p o l e ' i . T h e c l a r m r h r l l u r d u t o p o r e r i . ' ) s l < m ' r h e - o n ) P i \ l u . l i ' l h e m s e l t e ' -
is a claim for a Demetual motion machine oi ihe second kind a denial of the second

1aw of therrnorlynamics.:3 The autonomy of an autopoieric system, perhaps the core

\onceDr or  durooore ' ' . ,  
'  

r .  pre 'enlcd s i lh  rhe del inr t i ' rn  ur  dn autonor '  ' iu \ ' )nem

,.  oni  rh, '  can.peci f r  i r '  own ld$. . -  lhr .  rmpove i .hc, l  onro lo l rcr l  JnJ epi \ -

lemologic.tl framework (what Zolo, rcltrring to Maturan:l s lvork, has callcd a "des

olate rheolopy ot  te tcrr r r !e  aul r . rn $hich proceeJ '  b\  vru len.e o[  ' ) r ' rJ \  rnd uu

rolo l l i , r l  r rerauon o) 'onl"minJr(s rh(  rernt  ru l " l , ' i i . is .  refard le*  o i Ih i  rnrenl ion '

or c;nccptions ol those who would want to use it or redefine it to thc contrarv

To de;y an indcpendent rcaliry is to deny the laws or invarianccs of nature Yct

no "observer" has ever been able to define. coflsiruct, of inveDt these invariances

in or out of exislence. The denial of the cxislence of such invariances. whether a

docdne of acadcnic dilettantism. of a fanalicist cuh, or the rcsult of pure naivete
(ignorance), is pemicious with respect to evolutionary conrpetency The proofof this

ftct is seen by asking tbe would-be invcnlor of reality" to go down to thc local

interstate highway and stand in the path of a fast-moving lruck lf the invenlor re-

fuses. or agrees but thcn runs beforc being hit by the truck, you are dealing wilh a

dilettante whose beliefs are nol evolutionaril] competent because G)he runs from

these beliefs. lf on the other hand the inventor gocs out onto the highway but does

not run. ls)he will be kjlled and the beliefs are no1 competcnr' Whatever the con-

struction whetber the inventor calls the moving vchicle a iruck or a lorry, or covers
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her eyes and ears, or imagines a bird instead of a truck or a sphere instead of a large
rectangle dilating in her optic field-(s)he will be killed by the truck if she does not
get out of the way-

SOME BACKCROUND

As Kenny and Gardner have noted, Gaines has criticized the claim to novelry in the
original papers on autopoiesis and the "unlonunare Lendency of Malurana nor lo lisr
any relerencer orher rhan himself.''r tn facr Z€leni 3r:r3 has provided some ex
cellent short historical reviews of seminal work on what has variously been called
self Foducing or self-organizing systems. He notes that Trentowski used concepts
ofautonomy, circularity, and spontaneous self-organization in the middle ofthe l9th
century in hrs work with biological and sociocultural systems.') credrLs Menger in
1883 with being first to use the term "spontaneous organization"r (although Spencer
certainly popularized the idea much earlier, see below), and notes that Bogdanov in
l9l2 saw living systems as not only self-regulating and self-maintaining but also
self producing." Introducing "holism" in 1926, Smuts" saw living systems as ir
reducible wholes in continuous auta8?r€rir, and unable to explain the spontaneous
functioning of prEviously incoherent "parts" to create and maintain new wholes which
he took to b€ the "vera causa" of cosmic evolution, Smuts remarked that it was 'as

i f  the Creat Creat ive Spinr hath sard: Behold. I  make lhing. whole.-r '  whhin two
years, Morgan'o published his work on emergent evolution and Wheelet'? prrblished
his on emergent evolution and the development of societies (see Swenson'").

It is remarkable that in his histori-cal surveys dealing with spontaneous social order,
7-Eleni does not mention Spencea' whose "law of evolution" the 'instability of
the homogeneous" or the "transformation of the incoherent into th€ coherent (which)
holds uniformly . . from the earliest traceable cosmical changes down to th€ latest
results of civilization"'"-was not only the first general theory of evolution but one
founded on spontaneous ordering as a property of natural law. In his paper, "The

Social Organism," Spencer"' speaks of both organisms and sociocultural systems as
being characterized by "a perpetual removal and replacement of parts, joined in a
continued integrity of the whole.""' "The whole," said Spencer elsewhere," "has

an ongoing unity and nature, though the units change.""" Zelent's and Hufford's
sratemenl lhal -all biological (living) \]stems are socral systems " follow\ Spencer's
remark that not only are social systems organisms, but organisms are social systems
r"socier ies'r .  roq. l  Beginning in rhe Iq20 s and lor nearly half  a century. Weis" ' !3
and Benalanffy"" studied rhe generalized behavior ot livrng slskms as self-pro-
ducing, self'oryanizing paltems of flow. Living systems, said Bertalanffy, "arc the
expression of a perpetual stream of matter and energy which passes the organism
and at the same time constitutes it . . a continuous building-up and breaking down
of the comoonent materials."5l

Weiss advocated study of rhe "hard scientific core (ol) emergent collective order,"
attacking both "micromechanical reductionism" and the "bogus literary versions""
of holistic thinking. Among his most important ideas were the necessity for field
descriptions in understanding spo,ntaneous order, the relation between macrodeter-
minacy and micrcnordeterminacy"' (his pdnciple of the "conservation of overall pat-
tem by the coordioation of the erratic flux of component elements"""), continuum
vs. discontinuum (the ern€rgence of new levels of order), and pmgressive mecha-
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losical dualisn tha! has persistcd in the fabric of lcicntific inquiry to rhe present

tirier lTth-century mechanisrns need makers'r'{"r''r''
Bv the middle of thc lg th ccntury,  empir ica l  ev iden.c n1ade the not ion that  thc

worirt was ordered (thc "clock was ptoduced) in a single crealion evcnt no longer

tenable." wirhin a tcn year time span. Spcncer'" proDounced his law of evolutnrn. 
'

D a r w l n  t L b l . ' h e J  h : s O a  1 1 "  O ' i t i \  ' r l \ r " , i  ^ r  i 4 , ' h t  t  \ t r " t L I  \ t l " t i ' r ' r t

r h l  P ' \ \ e r \ , t ! i o r  " l  r " \ , + " t  R . " 1  '  t \  t t \ ' 5 ! t r t l t !  r ; '  / i r '  J a J  c  l u n u '  " n d

Thomsonr5 formulxted thc second hw of thennodvnamics Spcncer published vo

luminously on evolulion which he dclined as ihe produclion of increasingly higher

states of  i rder .  whi le  Darwin nevcr  even uscd the wo|d cvolut ion 'unt i l  the s 'x th

edition of Ori(i,.?" lt is rcmarkablc 1o nole that DarwiD ncvcr put fbrwNrd a 'lheorv

of evolution".rl lt was only 1a1er thal "evolution first $'idcly introduced bv Spenccr

as a theory of spontancous ordcring from lbe nonliving through thc cullural was

reduced t; nxtu;al scleclion (a particular facet of bbcvoluion) The socidogv of

knowledge that accounts for this reductbn is clearlv bevond the scope of thjt paper'

\,ct thai-Darwinian theory, groundcd on a gencralization of Malthus lhcory of
'oooulation?' 

and Hobbes law of bcllum omnium contra omncs, is incNpable of

i iu in"  ro ro ' , .  n ' " - .nr  n '1.  . r .  I r '  rhro 'yo l  ev" l  r r r "n 'n  'u lJ  l - {  "b\  '

o '  r t i . i * r  p t . . ; ' . ' r  $ h a r  : r  c . ' n , p r c h e n ' r \ e . '  l u r r o n r r )  r h . o r v  n u J l d  " r h ( r $ ' *

More preciscly. according t{) neo-Darwinian onhodoxv, evolution is taken ro be

the rcsuli of natural scleciion acting on populations oi replicating or reproducrng

entiries showing random va.ialion and competirg for fixed resourccs (the struggle

for lile'). Bri ihis drr!nes rtPlicativ oklerinS ot 'th? stnqql? lbt li.lb to b?gitt-

wil?.65r'ir'r Evoluti{)n did nor come ink) the world wilh life: lifc was the p()duct of

i l .  ln .Jd i r ion,  i r  i .  n .$ $c l l - rec. ' fn i /ed thrr  lhc hdr lh \ ) \ r (nr  i r l  r l l  h : tshetr  le \ ' l

h J r  e v o l \ . d .  l u n , r i n n ' .  - f d  . '  e \ ' , l . r n ,  , .  J  ' i n e l e  r l o n J l  ( n r i r ! .  h r r r  b e c J U ' c

there is no competinS poPulation ol Earth syslems on which nalural scleclion can

r . t .  rhur  r ' .  6c. , i2 . ,  th t  Pt '1 ,  1!  l  " '  t l t  : . , '1 .  \ '  t '  "  l " l r th t t " r  u t  uk,  nr^_DJrqinr tm

c " n n . , r  a d L l r c "  I h r .  ! l ' , b a l  e \ " l u r r , { i  
'  " " ' a n o  

i n  l . r . r  d < n : e \  r r  
- ' \ r n ' "  

n J l u r a l

selecrion cannot lhus uccounl for lbe spoDraneous and aclive produclbn of replicative

order out of a "dead . purposeless. or aimless world of phvsics which ir requires

f i rs t  to  act .  and s ince i r  cannol  expla in g lobal  evolu l ion i tse l f .  i t  is  o lerr  lhat  cvolut ion

is not reducible to nrturrl selcction ln |lct Darwinian cvoluli()n or natural selection

can only bc ! proccss iniernal to a more general clolutionary process which is thc

o ' . .d . ,c i  ' t  '  nr { r  I r l l r , l - l  rnr :  I  l r " r '  t r l r  o t  \ ' t i '  t ' rn  t l t ' t t  I ru  t  t  \ ' \ t '1 '  t r  I  h t \ t " l
j . ' r . ' , n . . ' r  n | n r r p l c " l  \ " ( c r r " 1  J o e '  n " r  i n \ '  r \ (  " n ' l ' r r n c r < f l i ' J r i n c " r " t r ' '

aucing cnrrties ir cannot be ,nrlr8ir d1) r'i6r'$ N" Selecti()n in this casc and thuscon_
p c r r r r . i r  r u r r h . , u r  . n , p y i n l  c n J  ' n  l I r r d r  ' - r r . l  \ e  h r r $ u . n . , r ! ' r , '  " r  o r d e r ' J  d n d

. r c r "  o r  d r ' u r J c r . J  n " , , 1 J  
'  

B r r  \ ' \ c I  B " l r l  r r n n  '  ( l x r r r r  I J r  a c ' o r J i n i  r "  r h e

second law of thcrlnodynalnics ordered statcs are "inlinitelv improbable 
"" how can

rhis  possib ly  bc l
K;cstler ;nderscorcd the problenr durnrg ihe Alpbach Svmlosium of 1968 (whosc

oarticiDants included Bertalanfly. Waddington. and Weiss) when he naicd that thc

" " ' , t " i ' . " .  h r : h ' 1  t r n J  I  i .  h e r  ' r -  .  '  u r  o r d e r  i r c \ " l u r r " n  e ' r f l : r s r r h e ' c  ' r d

i . , "  o ,  r h c ' " " . a i '  , . ' . c '  B e r r a  - n l r \  n J J  , l r r - d )  ' n u q l  r a  h  '  $ ' r k  " n  " l e n  ' \  ' -

tems that "spontaneous order. and cven .D increasc in the degrcc ofordcr. can appear

in such sys lcms' !u as long as lhcy compensrnr  tbr  thei r  own increasc in  order '  vrz  '

intemrl cntrorJv can dccrcase rs long as an equivalcn( amount of enkopy is produccd

r(, satisi! the s;cond law 
"L But the tict thrt ordercd nr(es are ,"rt'iltizl t() cxisl as



I

qury to rhe present

rnc notron rhat the
ion event no longcr_law 

ofe\ 'o lur ion."
atunl S.l"cri.r1, ot
rd Clausiusr3 r '  and

increasingly higher

. The socrdogy of

ng or reproducing

,"  
' r  

bur  because

AUTOCATAKINITICS.  YES ] I ]

;Eit#*ffird!tir$r#*d;lr{:'.,,w�
itir,r,, t*tlii,..'...,'x,f{if*liiil*t*:*ii:j:.l**

mtrrfifin'*fffi'*ffi
frtlfi jlr:;ffi1;-*;l*$fft lll*l|i:1llm
FIRST PRINCIPLES OF FLOW

llffi tltl#,i'lfff ** L:fr *it:ru,i,l**l
r**tr.txnfiffiflffiffii
tjf,i:q|,ffi*j:lffitrffiltl*-u,1'r*ffi*ll
:i, r+if*3*1;l g-[[ -fi i r+q+H:



1t4 ROD SWENSON

T '>T"

-AQ' = AQ"

Fis{re I 'the diveend-dnect€d natue ofthe second law.nd rh€ rellrnrn between cnkopy and enersy
can be illusrared with ! ghs\ of liquid !t remp€rurure ?' placed in a box ar remperdrure T" slch lhat
r' > I'. The box has bccn scalcd againn cncrg! llow fi{'m rhe ourside such nd eivcn rhc linr law of
thcrnodyn.mics. rhe amouni olener-qy in lhe box k conscrvcd. The enrne interior ofrhc box coninutes
a l,sr.l/- and rhe direEnce in Ienrperrrure between the liquid in rhc aldss lnd rhe rir in rhe box
.onniues r nonunilbnn diiflburio. ol cncrgy wh{h pnJdlces ! li€ld prrc'idl lhc porcntial sporta-
neously drives a now of enersy in the lbmr of heai liom rhc glass t. rhe box - JOi thrt drains the
poiential unril it is minimized (.r. equiralently. rhe ent.opy is maximizcd) ar which rine rhermodyn!mic
equil,briun is hieled (I' = I") and all lloss st)p Nore thlr since rhe cnere! hrs rcnrrin un.hrnged
rhruughour n is only irs dist.ibution rhrouahout rhc licld. d meNutu ol lhc enrropy of the synem. ihat
deiemrines wheder any change is pruduced. This was lhc pmfaund insight ol Clausius and Thomson.
Ii energy is conserved ir .rnnd nsell be rhe .duse of change *hich G inncad rhe spontaneous ,cri.n
.f n ure ro mdnnizc rhc cnrropy. Notc lunhcr thi the synem can be preparcd so rhd rhc cncrey is
distiburcd in .ny nunb€r of w.ys- e -!.. r' < /. in which cdse hcar would now from the an to rhe
liquid. Resardless ol how it is ptutar€d. howsv€r. lhe final nare will bc prcciscly rhe same; il is com
Flelely detemined by rhc symncrry .ondnion slc.ified by lhe second law Fronr rhis n can bc sccn
what cntropt maximizalion (or field potential or.vailabilit)', b use Crrnot s ternr. nrinimiz.rion) ns
,,./.d!& nreans: vhen rhe enhJpv is haxioized the€ is no nr$roscopic chdnge: when lhe enropt
is ndt n.xihi2ed the appropridc dy.amics rre li,,nz,E,rs^ ,rrrd!.?/ as drains unril ir is Adaprcd
tiln R. S*c.son, _Order, Eloluiion. a|rd Natural Law: Fu.d,nental Relarions in ComDlex Slstem
Theory," in C. Nesoita (ed.) Crr./,..(r d,d Arpli.tl s\!.,^ Ncq York: Delk€r. pp 125 148). O
1991 Nt!rcel Dekker. Inc Adrfl€d bt Frmissn,n

namic equilibrium. Note that when entropy is maxim;zcd, all field potentiais are
minimizedi thus the second law can be equivalently expressed as entnpr naimi
zatiotl or field potential hlinimization. Both are expressions of the same symmetry
(see Figure l). The preceding makcs a powerful and imporiant point: rhe f;st and
second laws of thermodynamics are not ordinary laws of physics: they sir above the
,rd ind 'J  la t r .  a ,  laws abour law. .  e(prc. , in ts  rhe L lynumrra l  s lmmer)  o l  rhe laq.
o l  ph) , ic .  rhemcelve, . " '  

' "  
lhe con,ervarron pr in( i f le  de$f lbed b)  rhe , r rsr  ld$ e\ -

presses the time-translation symmetry of physical law. and the symmeiry expressed
by lhe second law is likewise a symmelry that governs all the other laws but in a
completely unique and fundamental way. While the lirst law is a 1aw of equivalence,
the second law, in ficlds with nonuniform distributions of conservcd quantities. ex
p.esses a J)-,,e/rt, !n rlr11ed, and it is precisely this unfulfilled synmelry thal un
dcrlies lhe "preference" ofPlanck, the striving" ofClausius. and the "motive force"
of Clausius which motivates and directs the dvnamics of the natural world.61 63 36
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Whilc ckssical lhermodynamics tel1s us thal alldynanrical pfocesses are produced
so as Lo nraximize the entropy at equilibrium, iL lclls us nothing about which dy,
namical processes. which pathways. will be choscn to get there. lf we borrow some
oflhc tools oflhe classical lhermodynamicisls a monatonric gas placed in an adi
abaticrlly sealed box (one closed to lhe flow of hcrt) divided into two compaf,
mcnts and add some devices lhat allow the addition and rcDn)val of constraints. a
po$'erful principle is demonstrated"': the system as a wholc, whcn srarled lrcnr a
nonequilibrium condition regardless ofthe way it is set up. will allocalc i1s rcsourccs,
or select the palhways from avrilablc pathways. so as to bring itself ro equilibriun1.
viz.. minimize its ficld potenlial or maxinriTc its entropy at the fastest possible rale
gl \en rhe cun.r r r inr r  l . ,  c  F igu 'c  2, . " " " 'Thi '  ln \  " j  ta iv 'nhta dnuT]  po. thd;- , t
r M L P r  

" "  " " ' " "  "  '  
l c d J \  r m l r J i J r c l )  r .  . , n  J n J e r . r J l d r n !  o l  $ h )  r h u  $ o r l ' l  r .  I n

the orde. producttun business: aftl"r protlu.?s "tnnpf Jastcr th.ut lisotuler. Macto
is sclcctcd irom micro precisely lre.a,r" sponlaneous ordcr incrcases the mte of
entropy producrion of rhe fietd liom which it emerges (scc Figurcs 3, 4. 5. 6).

The world is not reducible to the aimless local collisions ol-.t set of elementary"
prr l ic les lo  a s tochast ic  co l l is ion funct ion or  any other  k ind of  I incar .  summarivc.
purposeless behavior. Whereas the state of thermodynamic equilibriunr Duy bc thc
state of maximum disorder. thc path of choice in a world where the polcnlials are
strong enough !o support it is not thc liDear, suDnrative. and inefticienr kinelics of
disordered collisions blt rhc aub(dtaki,teti.s"" of selt'orsanizing states of macro-
scopic order (scc Figure 7). Under these conditions. rhe most direct path ro equilib-
r ium is  not  a s t r r ight  l ine but  a c i rc le. ' "  Aulocr tak inc i ics def ines the min imal  and
thercforc the mosl generalized description of a spontancously ordered or self orga
niz ing system. An autocatak inel ic  system mainta ins i ts  sc l f . "  .onst i tu ted and enr
pirically traceable b! a sel of nonlinear ("circular") relalions, through the dilsipation
or brcakdown of field potentials in the continuous coordinated or ordered motioD of
i ls  components l . l l r ro ' ,  se l f "  +. . / i . r ,  "down + t i r?r i . .  "of the nDt ion of  mNtcr ia l
bodies and lhe forces and energy associated thercwith lrom ktr.i'r, '1o ca{se to
rnove l. No cla'n is made conccning componentsi in fact it is purposely atoided.
Thus dust  devi ls ,  tornadocs,  Banard cc l ls .  bacte. ia .  ecosystems,  c iv i l iza i ions.  and
the global Earth systcm as .t whole rre all cxaDplcs of autocatakinetic syslems. The
dissjpative dynamics of a tocalakinelics, both motivatcd and explicated by MEP.
powerfully capturcs nder a sinele lerm thc gcncral phenomenology of "open sys
tems" ln rerrx Bertalanffy. the "systemlheor6tique" of Wciss, and the lawof evo
lutioD" oi Spcncer, e.g.. equifinality, progressive mechanizatn)n (progressive dcter
minism), nrcrodelerminacy and micronondeterminacy, conlinuunr v. discontinuum
(he instability of the homogeneous. or the transformaiion of rhe incohcrcnt into the
coherenl, viz., disorder to order or micro ro nracro). The ierm autocatakinctics is
baggage-tiee and suggests precisely what it is supposed to mean.

BUILDING AN ECOLOGICAL PHYSICS BY HOOKING
AUTOCATAKINETICS ONTO KINEMATIC FIELDS

The coupling of aulocatakinetics and MEP produces a reDrarkable repenoire of
purposive, opponunistic, level-independent behavior rhat accouDts by natural law for
much of  $har  wa.  once rhoughr ro be .pcc. f ic  ra l rhuugh in. \ t l i .ub ler  ro rhe l i \
r n g  ' [ r m u { b e r e m e m b e r e d . h o w e \ e r . r h a r r h e p a n i c u l d r l i n , l ' , f J u r u , J r u l r n c r ' . '



ditrerenl dividhS
(ftont view)

l m l
t l

(b)

Fielre 2 An a{iiabatically saled chamber is divided wilh an adiabatic vall into rwo eqnal comparr
n;rs, €ach holdins equal quantnies of ! monatomic sas such lhat /'> Z'. prcducine a field porential
wnb torce F. lf a s;cdon oflhe adiabatic seal is stripped ori th€ dividi.e wall (a), a now or encrgv in
rhe lom of heat (a drain) is spontaneously produced iron I to ll until lhe pole.tial is ninimized Che
enropy is maximi4d) given rhe consrainls. The r.t of the €nlrcpv production is givcn bv

( j )

whete dd /dt and (t/T' l//') are the fow and rorce respecrively Equation (l) shows innediatelv
ceki piribus rhzr rhe are of entrcPt produclion is detemined bv the coefficient of conductivilv of
lhe wall. In (b) a se.o.d ponio. of rhe adiabalic seal is sriPPed off, bur lhe w.ll undernealh rs composed
oaa different nalenal *ith a difierent coeffi.ienr of conductility h is easy io se€ that ii rhe rate of z
relative ro ihe rale ot I is sufficient ro drai. some quantny of rhe pot€nlial before I drains it all then
r h a l q u r n r r y i : a u r o m d i ! a l l ) a * ' g n e d r o 2 l t . q r h d ' l r c E n r r e l d u v e . e r r r . ' e n r ' . 2 . a n d r a i n a l l r h e
mrenirdl belure I cdl drain Jnv, Inen rhe enuF qurnrnJ F d"isneJ ro 2 -nd I geL none ll more drdin'

;re added (c) rhc b€halior is prccisly the sanc: tegardless of lhe Particulan of tb€ ststem, not onlv
(as in Figur€ I) will the syslen produ.e rbc aPPropriat€ dynanics to 8el it lo lhe same 6nal slale blt
ir will *led rhe assembly of pathwats or drains anongi rhe available dvnamics ir will allocate ns
Esources-so as !o set to the nn.l srate (minini& the field potential or maximize rhe entropv) al |xe
Lstesr mssible mte siven the co.stFin$. This nniveBal selecrion pnn iple rhe law ol n^iduh enhop]

,rad!.ii"n (MED, ;rovides a physical basis ior lhe inexorabilily of evolutionarv ordering Frcm R'Swensoh. "Oder. Evolurion, and Naiural Lawr Fu.dane.ral R€lalions in Codpler svstem Theott " in
C Nesona (ed.) C)r.r"erici zd ApPiEd S)5.?,s, New Yorki Dekk€r, pp ! 25- 148 @ l99l Mdel
Del(ker, Inc. Reprinted by pcrmssion

enrailed depends upon the pan;culdr level-dependenr substrate on $hich the level-

independeni taw. operare. 
" ttre jou of building a general rheory ol evolulionary

ordering. ot .ponraniou" order producrron. is lhe job ot building an ecological Phvs-
ics,6.dd.ro.'0r that is. the physics dealing with the emergerce of autocatakinetic
levels and their operation with respect to the level-independent and level_dePendent
laws that govem. This is an expanded view of physics. one taking the position that
phenomena oursrde of physical rheory are oulsrde onl] becau\e curent physical,the-
orv rs incomplete, nol becau.e lhete i' none that can addre:s the phenomena " -' lt
is'also a decidedly non-reductionislic conception since it says that level-dependent



vhich the level-

:cological phys-

.he position that
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Figure 3 ln !n c\pernnenr fi6r dcvised by B[ndrd in 1900. a riscous lluid (siliconc oil. in lbe case

DiroeraDhed hcre)is h€l.t in , circular conunrr bct*een a lrutu€ (h.ar supplicdunitbnnlv rronbclow),
i'. amt a"in* tcooter rempcranrc or f rbolc). r". prcducins a potcnrial Nilh a iorce F- thc magnitude
o l  Rh1.h  is  de te ln r incd  by  the  d i l l$cDce bcween rhed ( l /T '  t / i " ) l s in ( t )  I .  1 . ) ,whereFN
belo$ a crilicdl nr.gnilude- rhe llow is prcducdd b! th. disordeEd (incohcicno collisions oi lhe mol_
ccules. and dc fluid apF.rs .rucroscopicrlly honroaeneous Wh€n F is inct.sed above r criricdl nrin
inrum- howcver, rlo.h,sicnies lhar e.ic prcliously damPen€d aic insread ampliled !s snontaneous order
(b),s produced rrom the previousl! disordercd llow and hundrcds oinrillnrns ol dolcculcs exhibit ma'_
G.o;icallv .oordinared behlvior 

'lhere i\ notrnng imptubable. siven MEP (Figurc 2). aboul thn tan'
snion lion d n o r d e r l o o r d e r - i r is! lxwrul opponunistic conscqucn.c ol/ s exceedins a minnn.l lelel
Oder is sDontaneorslv scleded frdm disorder as lDn r\ rhc licld porential is sttung cnoogh to supnoi
n, dnd rh; Ble ol entopy pmduciion increa\es dr mtic.llv (see Fisure'1) ordcr Producti(in is thus

iu$ anolher drd. or Dalh (llbcii with a 'ich and qualnalilely dirrerent repcnoic oi behlvntr) bv qhlch

ihe field acts ro nrininizc ns porenrirls. a drain thar be.omcs discontiDuouslv avai!!ble onlt ri cenarn
levels of t. Order ,ncrcases the entopy pRxluction of r llcld bv increating i( sFccrinrc dnncnsrJns
dnd lhus its dnsiparive surli.ts by ordcrs or nag.nud. WhereJs in the d(ordered rcAime (t) thc in-
rrinsic units of si.ce aid rime ari mean ticcpatir Aisran.e\ and r.lrxarior iinres of rh€ ordcr of l0 '

cmand lo  rsec- in thcorderedres in 'c (6 ) these inc .ea \eroccntnne lebandseconds whr th$enrerged
in rhis fluid arc.rdcred nats reldive ro lhe scale ol nic moleculet lhll il s.alcd to a hunran berng
{ould conslilure a nracrcnru.turc many linrds greater than rhe circunrrerencc of$e Eanh and Pesisnng
olefrinrc s.alcs grerler rhr rhc lull4.5 billdr i-cah ofllobalerolurnr. FronR Swenvn. -EmcGent

ArtDcr{n ard lhi Llq oi Mlrinrunr Entopy Producli,)n: F.undations lo a Theor} or Gendal Evolu
rn,n. Slrernr RlJ?d./,, vol 6-no.3. 1989.p 192 iO 1939 Pergamon Press R.pflnrcd bv pemnsron

law.  " re erergenr.  inc, lu . rb.e.  rn, l 'pc. r l r .  ro  rhe e( ' ,1 ' ,grcal  lere l  r r  $hich rhev

.oerdLe.  Inreracl iun\  belween h ' tshc ' -ordered enrrr rcs.  a '  Ro'en"  hr \  Nin 'ed out

in \or \e , l i l rerenr  ' ,b .ervable.  hur  ob 'ervable.  rhrr  arc iu ' r  a '  p , ) r i .d /  n, 'nethele 's

The ecological physics of evolutionary orderiDg seeks to identify both the level

indepcndenl laws and the level dependent substrales on which they ope.atc that bring

about the sponuneous ordering of the naiural world.
Despite thc remarkably gcneric behavbr of autocatakinetics, the slriking differ

ence bllween living and nonliving order production. given thc autocaiakinetic anal-

vsis which Davs close attenlion to sourccs and sinks, is immcdiateiy apparenl: the

iett-producing non living ate slaws to theb local Sradients ||hile the liring are not

That is, wilh respect to sysiems like tomadoes. dust devils, and B6nard cells. if the

local polential is removed (e.g.. ii the heat in the Binard experiment is turned ott).
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Fisue 4 Thc fiSure sho{s rhe disconrinuous increase in the r.te of bear transPon (ficld polenlial

.iniri,aionl ltot o""uo ^ th€ resulr of the disorde o ordei transition in a sinPle nuid experimcnt
sinilar ro rhat in Figute 3. The rarc of heat ltunspon in the disodered regime (or Bohznann icAne)
, \ s r v e n b \  l .  u h i l e  ( t  I  r F  h  e  t  a  I  e  o  I  h  r  r  |  |  |  d  n  '  p  o  n  i  n  I  h  e  '  "  d  e  m  d  r  c  g  n  I  e  t  t  I  l 0  & I ' d l  . m
. e . - . , , ' ' B e , , u . e o r . i e , p r o d u l e . e n " n p ) f d ' r e r r h a r J F . ' J o r ' r r r s \ D o n k n e u u / ! d c c r c d a s l u J n a !
F leaches rhe mininun lclel lhar {ill suPpon it From R Swenson _Engineei,ng lnitial Condnions in

a Serl-Producing En!'rcnmenr," in M Rogeis and N \Nanea (eds ) A Dzli.ate Balarce: Terhntcs

Culturc and Cols.que".es,IEEE cal.log no 89CH293l4 Los Anseles: Institute of Elcctrical and
Elecrron,. Engin€ers. p. ?0. @ 1989 IEEE Repnnted bv pcrmission.

rhe ordered state "dies." This is not the case even with the sirnplest bacteria: when
their potentials are removed or dissipated (when they .un out of fbod)' their activitv
often increases. The autocatdkinetics of lfiine systens are coortlin(ted with respect
to nd,tor.optc v iobte\ tn kin?naln ttcus Ihtl! pernt lh?n tu \kat. a' tu\: lo'al
Dotcnl ia l t  and d.ccss ht |ha uder '  , ' l  J t ' \Qat i r? ' fa t  P 

' - '  ' '  lha l  i i .  where in  lhe

nonliving the autocatakinetics are govemed by local field potentials with dimensions

of mass, length, and time ("mass-based" fields), the autocatakinetics of the living

are governed by nonlocal potentials specified by observables wilh dimensions of

lenst"h and tim; (kinematicor information fieldt."'r Living syslems hook $cir in-

tem;l polentials (see Figure 7) onto kinemalic invariants to search out potentials

discontinuously located in space and time Bacteria. for example. are able to move

away from harmful substances and find dcsirable resources not onlv bv acting on

lhe molecules they consume but by perceiving and acting with respect to molecular

sradients that afford the discovery of the molecules they do consume and avoidance

af ftose that are harmful-gradients (hat provide rhem inJbrmation about highet

order-field potentials.65 61 63

The abiliiy to act a.bitrarily with respect to local potenlials, and thus the facility

ro bui ld  h iBher ' tare '  o f  order  b\  d 'cesnng h igher-order  d is ' ip-ar ive 'pa.e.  i '  the

h a l l m a r k o i r h e / r p l r i d l i r P o & l e r l n r r h a r c h a t a L t e r r / e \ r h e l i t i n g " ' R e p l i c a r i t e o F
der ing is  rhe par( icu lar  f lnd of  auto.a ldk iner ics lhat  enla i l \  Ihc Internal  p lo, l  c l ion

o,  .o i "pun.nr '  by repl rcal ion and rs hken to be defrnr t ional  ot  Ihe l iv ing 
' '  "  "

The deip relation between MEP, the progressive emergence of more highlv-ordered

states of mater in evolution, replicative ordering. and the evolution of perceiving

acting cycles, that through their ability to hook end'directed dissipative dvnamics

onto kinematic invariants and thus provide access 1o otherwise inaccessibie dimen_

sions of aissipative space, is seen in the primitives oi replicative ordering itself 6?

As part of id constitutive relations, replicative ordering requires a set of internal
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fieur€ 5 Io rhcs. th.()Eaph\. r*o lnrer rinr. dices in r BJnafd ccll e\pcflnrenr \ho* lurrher lslcc$

.i_tr," ,l.l trturl,,-r t"r'1n,. lhar lblL.* lrom lhe Phlsics oi sNnrancous ordcri'g I lhe syncn bv

prosesivcll.. 5elc.rnrr l;.n{niniD!) th. .lc8rccs of INed.nr or (s conrP'nc'6 (rhcrebv rcdrcnr8 th'
'nu',lcr 

oi a.ccsinte -,crovale\). converads on irs rinrd ind'pen(Gnr drd n{e (linnt {r or dta'tor)

.:;dflcrerttd by ! !.itornr rfu! of hexxgoDal cell\ Thc prosresnlc {tcrerini'n (lron no'hasBlre!

anrplilicd d rbovc criricrl rlnshold ro !n unchangnr-! end {atc ol hexx-qo'rl cclls) ob\cr!'d in thc

e , l r . n " n  L . l  ' p r " r ' . l  . " J f  d e n r l ' ' t r " \ v r  " l L "  l r "  ' l {

.  ' l  r  '  ' . " p '  . ' 1  r  l J  r 1  n '  1 v ' l h  ' r " '  r J  " - '

i"irr".. *-a..#.iui. n,"tLxrion\ xDd irs exrldt.rion bv mxcrodclerrninnri' las vi/ Ml]P) and

home.drsis (in r\ linnl (xrc). Like{ac rhe reurio. berrecn " pcrition (bcNvccn &cesiblc conr|r.ncnr

micronatcs rr thc le!el .l nroleculcs !od th. lcvcl ol cells) xnd co'n'ra!on (collecriv' bchr!k)r lnter

!.J iNr! .lllulrO !r. sc.n r\ rq. side\ of rlrc sam' orJcrire tru'*s Selednm 'an b' secn to op* e

xr (wo levcls: (i) hy cach ccll ot (he d.grces of li.cdonr of n: Ddlcnrllr (uttoD'ntr: rnJ (ir) b-v rhc

' , . " , . , . ' "  '  n ' r '  o p l J '  ' '  r e l l  . {  l  |  |  " J  l r

n r r ' '  r '  '  u \ . 1  {  ! r '  I J  '  ' ' r ' r  '  l r

,  , . , . .  , , . ,  "  .  .  '  .1 ,  ! i  l r "_  _ '  l  {  hJ  I

; . i  ' .  ' , . i i .  "  r ! . c r '  " \ , e  . r ' o '  o r ' 1
J r - ,  u " r l ,  l r ' t h  , ' p . r ' t  \ . '  r ' '  '  " l l  c l l ' )  |  1 r ' a ' h r L ' r e | k  I u

P  \ . r ' "  l r '  r ' ' . , t : , ' "  "  t  l  v  V  \ r r L a  '  o l t  P ' a r ' '  ' :  f 1 r J J ' ' r "

ir,-,ri nr Cor*,j Eiot,ri,.._ s\'tr.,n R.J.rf., vol. 6 no r' 1989- t 19r '! 1989 Pcrganron Press

Rcpnnrcd br'd tcmrsio.

conslrainls thal ffe discrele. sequential. rnd rate independent rchtive to the rest ol

rhe aurocatakinetic cycle."" The order of lhe sequcnces. likc the words on this page

o r  r h r . c r u c r . (  o t  . i , c  p r i r , ' n  r  l , N A . r r . r : .  J t <  r n e n  a ' J ) n a m r c !  )  " b i r r ' r )  v  r h

r e ) n . c r  r o  l h c  r x l e  a l  $ h i . h  l h e )  J .  _ s r . l l " n  : ' n d  r c : ' l  
-  

l l  i s  p r e c i \ ' \  b )

exriloitjns rhis arbitrariness that rcPlicative or.lering. through thc interplav (rf mi

c"inonaeicrmina.y and macrodetcnninacv. aftbrds thc constfuction of perceiving

actins svstems lh;l in thcir arbilrariness 1o local potcnlials arc rble io coordinatc

hishi livets of dissipatile ordcr wrth respect to information lawlullv spccified by

ki;emaric fields (new higher or.ler macroscopic invariants or observablcs)

ln the largcr evolutionary context. lcarning is induced by probleDs and the prob-

lem ironr th; physicrl point oi !iew is the disequilibrium rt the -qeo cosmic intcriace'

Gbb.ri evoltrtion crn be sccn as an epistemic process by which the global synenr'

as rn autocilakinelic system thftugb thc prcduction rnd selection ol ils own tntenral

nicrostalcs. leams to mtxnnizc fie extension of its dissipahvc surlaces so as to

lood) ,  thei r  acr iv i ty

rls with dimensions

wi th d imensions o i

,nd thus the tacility

nore highly-ordered
rtion of perceiving-

re ordering itself.r'r
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Figur€ 6 T{. Bdn.rd.ell\ rc seen t) c'.erye sponlaneously t4rldr, d,,. (rhcru re no
' r rc r . t r r i vn .  mr$ccn hcnr , i  . r ' c r r ) .  ' r ' r ' n . l  l r l J  rh ' ( , \u .J  r .s  bcen cd .hd  prur
toF isure3(b)  Thener inence. .e ,c f i ra , ibA. isdcpendcnton lyonthc la . r rh , r .  e rcd  (mrc( t  n r )des
atu sclccred inicad of dnord-.d {nicn, nod. bd.ause lhey drain field poicnlal (nonlinerrly pull €
sources into then owr ordered or collecrile dynanc) hst$ than rhc micrc nule ftonr which rhcr
emerge. Frcm R S*enson. -E.r€rgenr A(r ros and rhc Lrw ol Maxnnum Entn)ty P(nluclion: Foun
drtn)ns tJ ! Theory ot Genetul Evolorbn. .$y1,^ Rz\?arlr. rol. 6. no 3. 1989. p l9:l () 1989
Pcrgamon Press. Reprinred by pcmnsion.

Gener.lized AnlocaL!kinelics

Figu.c 7 The ligure :hows a lev€l n cpend€nl schcnrdic oi I nrininrt rtrbcxrxtrindric \y{.m lnd rh.
gencrdlzcd rcldions d n c[r1ls: rhc our$ pcrnnob ol rhe daw]nA indicdes rhc D..cssn! ol a fictd
d.scription. t'and a'indicate a source ani sink wirh rhe di ircnce bcl*€en rhenr coninurine I po-
Ential wnh a fi€ld brce F . ltl/lr,ndicle\ lhe drain on lhe p.rcDral (cn€rgy flow) conslituted by rhe
ord€ed mornhs ol rhc aurocarikinclc !,r.,l5ll, = /E'l.r(l ) wherc r/s/., is rhc dnkop, pnducrn,n.
E"' is rhc i.rcm porcnti.l ctricd in nrc potcnrirl xDd klnctic cndrs), enrbodicd in thc r.lard)s of thc
odered (aurcllakineric) \,nem. rnd Fr is rhe lnrcmal tbrcc catr1cd bt rhc inr€nal porenrial rhar leeds
back ro .npliry (or at thc Innn,  arnraio /t//a lthe u\e It order lor rhe piodu.rnh ol nuc oftlcr)
As a resuh of then intemal anrplifiea. aurocarakineri. s!!.n* An)* rs seLfrnrplilyiDg siNs by cr-
Iending the inlinsic spce timc dnnensn)n\ or rhe lields lionr which thcj" cmcrse

The undersranding rhl rubcdtukinc!. s)'n.ms lre producc(|. biluEatc. or sponheously fis\r]n. lre
subsunrd. subsumc, and bcconrc conrponcnrs in highcr.rder ruk)clrakineric syicns h rhc ..mcxr ol
nelds actine io*ards ihen o*n ends. obvides dualnnr in a pi(tnund *ny: luk,cahkineric srrsr.nN xre
hjghe! order \ymnerry lrr€s (t Ihc field ns€lf in ils own elolurion.
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rr ,,/ ,,1 (rhcr. arc .o
r nis becn .cxchcd pri.r
to eul (mx.rc) nnnle5
rnr (nontiner ," prll ro
nrodc rroDr rhich rhcv
rn)p) Pi{!ttr.rion: Ii)un,
193r .  p  t9 .1  . r  t98q

nph l ) in !  s r [ :  b )  . r

reduce thc gco-cosDic porcnlial ar the frltesr possibte fure givcn thc constrainrs.,r,rLikc the pn)ducrlon of retticativc ordcr fiom the nonrcptja ive. rhc producttun ofcuuurat ordcr throush rhe aurocarlkinelic hrncsri"g "r ri"g";"" *r,ri-i"i" ,ii"".-tJ ,  t ,1,  t  l t r ,  ' t . , "c '  pr, 'Ju.c, i  i  . rep uncri , ,n In rhe .  ' r t , "  , , . . "  ,u . , . i r" , , . - , ,. r n e l n r  o n  h r r r h .  A u r u c l J t i n c r h ,  w r r , r  , e c , , r . J - r J e r  k i r , e r r r , r r .  r r  r , ^ e n  r iI ' e d r t l i r , o r . r t  , o r . L l r L r a t  , ) . r e n . , r h e f J  r . . r t J r ^ i q d , , ,  " u , , , . , , " r i , . , , . . . n i " , r . , t
In rnerr \elFpr,rJuctron)

CONCLUSION

Zelcni and Huftord seek Lo idenrif, gcncral !,rrcrpres rnrr arc comDron k) alt sDon-l J n < . , u , o r d ( r . ( u l l i n g r h J r  , , J c r \ \ i r l . , r d J u r . , t , , r c r i . . t A . n r r r r i r r t c r c t  _ n , t c o e n i . . rh e h " v i , .  r , : r . . , m l , e n d u b , e  p r o i e c ,  t J r r r . u t , r t \  $  , t , , " ; , r . t . , i r , . : . , . , _ , , . , " " i ,  . . -
F r e n c c  u r  o u r  ! o c r J t  t r J r r !  " . . r  i , . r c e r n .  J . ( r t c r i r . n g  p t , , 1 J t  , { d (  n !  $ h ; , h .  r \R . ' b b  h r ,  r r . e d  r , , . h o $ .  I  I  r .  r n r . , i h i r e  r , , , , , i l . , o L , ,  , h .  " ; ; ; ; , i , ; : i ; ; "  " ; ;d r p i i c d ' i ' , n  o r  . u , h  o ' , r . i p t e ,  t h (  r \ r e n r  r , ,  q t - i . h  s c  c d n  : " . i r " . ' , , r i i  " " , i r r " ig l ' , \ J l l r " . e n a r n l )  r e o , r i r e '  r h r r  q e  \ c {  r . , , r n d ( r " r r n d  J .  " r , * " , r ,  " , , 1 " , " t r . , r , "e\ , ' lur ion:.y ndrulc or pt , ,nr l  rrrnsu Our ."gn,, ," . .  , , i .1", .  " , ' , , , ; .1.- ; ; i ; ; ; j ; :p o r n r \  u s  t i ,  l h e  t d f r  l h a t  r h c  t u r . I e  o r  r h <  r , t i , b 1 ,  \ ) \ l e n  r .  n , r t  . r r r r t l  , t ,  r e n n i n c . t
bur will expbit toca y nondetemrinistic act;ns a, .iiti.or ,rr.""t nta. ,.,'o.Ju.. JiiLo ,nuir i+, iJrse Inc\e^,hle m:rr , , , .cor ic chrnr. ,  ."  , , ,  .*- , .  "pi .  "r i f  1. . , . rrn, .r( f lc D(nr\ror th. \  (JI  ont)  nr( \ \  rh( , .np,rrrnce or indrrrdu:t  acl l ,n i

lh.  rr , ( , r t  hJrtdin!  r  Je\. t  Indr lendJnl.  t . \er.Jcpcndenr lnror\  , , r  .DonrJneou,
o r o e r  r \  l n e  t J . (  u r  i ' u t / d r n g  r n  r . , , l n r , i . r ,  p h \ , r ! , .  n c t u J , n f  . n  e . , , t " r , . "  o r r -(nojol)  whrtc den'rryrnF rhc nhen, l lqnr Jnd hur,drnB rh( rneorr r .  "r  rhe creJre,r|nporrni  e.  Inc tcrm! {e u\.  Jr(  j , . ,eqt-Jr Jrbi , .J4 Lr. lhoJrh i fer ."nn"i  r , .  . , -t - i r r a r y $ r h r r . r e . r r o r h e r r . , . n , n u n , r e . n i n c " . r h e r , i . . , t " " , , " i . j i , , i r , . _ , - r
hJ\e u,ed d,trr , t tort ' t^,  n Jcr ine r t-e ,( \ . t  in. t(pcndinr b.h"; , ; ; ; , i , ; , " , i : ; : " , :
ordcrjng (those properies and taws lhat are inrarianr unrlcr transfom,",i"'"., .i r.r[and that arc common to spontancous order in gencral, rcgardlcss of how il is insrantiated). rcptetitc o../"/rra ro deftnc the paricular kinJot .rutoclrakinerics char
d . l i r i . r r c  o l  l h e l l v l n ! . a n J a p r , 1 r l l , , r . d , t i , q \ t ! 1 , \ \ , r t J o t , t , , { _ ; . , ; ; r - , ; J ;
I r n l a ( u l u r a i r h u m a n { \ , a l ) \ ) \ r e m .  W r h r e , p c . l r o u . r n . , r h e s o r J . . o c r J t  . o r d t l
'u .  h  bchJvro '  ,equ, \  J lcnr  ro \ r )  Inr  - - l  : l r rncar :k inerrc .y . i .  m,  . , . "  , *  " r  . * , .  . ,  

: i .
'  

i .  l ' "  
. ! ' .  $hat   .  

qoJtd hL)  r \ .cp '  r , ,  enrphJ.r /c  rhe conrmon narur< ur  at l
rL ' Ie-r r \c  phenrnenr.  Ih i .  .  qe 

 

Jnd ! . , .d  e\ .ept  rhur  rh i .  con,mor n i rurc r ru\ r
dnJ lhr .  c{erc. \c  pJr .ufJ  a,  I  havf  Jonc in  th i ,  prpcr  wrr \  rer : lJ  lor n m e  K e y J i \ r i n ( 1 r , i n \ .  r , , J r n r n g u i . l  h c r q r r n  w n d r  i \ e c r e r a J  z n d u t r . u r .  r r r o i . , o e

crr r !  f ie lhudolngrcal l ) .  r l .e  ecul , ,cr .d l  n  rd)  o l  ,p , ,nrancou. , , rder  ,eek.  r ,u ,1. '16\quee/e rne Inon '  \p tanat 'D poqer oJ '  o t  rhe  r " r  gencrut  taq.  wt_ i te rc . . ,Ln; , , inr
Ine e\ rsref l ie  ot  h\et -depcndent  t rw. . ,n  whhh rn i  tev<t  inocncnden,  .a"r  "cr  rur iwhich are n l r  redu.  ib te r , '  rhe pcnera,  t rq, , .  Tnu.  lan , , i , r , i  i " "  i r  i .  . , r .  1 , , '
un i r 'on\ .  a therr  a5 pdFrmunioun) r .  po\ . rb, .

Wirh respect ro thc authors.use of thc word aulopoiesis.. I rejecl jt. Thc word
doei  nul  rerer  lo  rhe Benef lc  or  nr . r , , r .cJt  notrun ot  ,c t iproJucl i , ,n  o,  .oon,r" .ou.
o r { j e r  h u l  l o  r n  e D i , t e m u l o e r c r t  d o . r , i n e  l t - J r  r .  i n  t d . r  i n r m i ( u t  , , , , p " " ; r " . " " - ; ; _
J e n n g .  n o r  o n l )  r n  r r , , ' b , . u r a n r i . m  b r t  I n  r h e  ,  t J s  t u  \  ,  i r p , ^ , , U f "  o n , " ' o . . ,  , f , r i i ,
lomu,gJre,. wirh re.pecr ro rhe broJder que,rr.n orrcri t  r.r i .  ""a ei iu, i  , , j-
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dering, ahe doctrine of autopoiesis is horrendousr it puts us out in the middle of the
highway denying the reality of high-speeding tmcks The claim that "what we do
not see does not exist" permits the denying of all atrocities and robs other beings of
their existence including their dignity. pain, and joy. On the ecological view es-
poused here, we are productions (order) of a world that by its productions (order)
produces more order (productions). Whereas it has produced and exploits intentions
in its order production, the world is purposive but unintended. While its order pro-
duction is an active inexorable process flowing from the symmetries of natural law,
tbe world is not strictly determined. Clobal evolution is an epistemic process by
which new order is produced by hooking dissipative dynamics onto new higher'order
macroscopic invanants. Controversies conceming observer-subiecr duali'm\ a-re ac-
ademic: al l  ordered. lales are neces.ar i ly and ldwful l )  coupled ro lheir  f ie lds" ' -
they are higher-order symmetry states of them. In ahis sense there is no "us" vs the
"world": we dr.e the world opportunistically searching for ways to bring itself further
into being under the directive of natural law

APPENDIX

Fron Micro To Macrc I The Rina Fluid

Unlike the well-known fluid experim€nt designed later by Lord Rayleigh which in-
volves only buoyancy (see Swenson'"), the mechanism for the Benard expeiment
invoives surface tension and has a much richer phenomenology which is why it was
chosen for the photos here. Since surface tension tike density varies inversely with
temperature. any temperature gradient across the surface of the fluid results in a
sLrrface+emperature gradient as well. Any statistical fluctuation (stochasticity) that
results in the upward displacement of a warm "parcel" of fluid (meaning a number
of molecules are displaced by random collisions as a group), whether or not it is
dampened by buoyant forces, will necessarily mise the surface tempemture and lessen
the surface tension in the area directly above it. ln the disordered regime. the po-
tentialcarried in the embodied energy ofthe parcel, E"'(as in Figure 7), is dissipated
by !rscous drag and di f lusron through disordered col l i . ion\ f rom.unounding mol-
ecules and Ihe slolhastrcrry is dampened rhas no apparenl macroscopic effecr):  the
f luid remains macro.coprcal ly homogeneou. (Figure 3{d'r '  Beyond lhe cr i l ical  f ie ld
rhreshold, however.  the polenl ial  of  the rur lace len. ion Sradrenl belween E " and E '

(in this case the cold upper surface) exceeds the minimum necessary for force Fz
delivered by the potential to amplify the notion of the parcel, dnving the bulk fluid
into the region of lower temperature and greater surface tension and pulling more
warm fluid up behind it *hile the cooler fluid in front begins to sink: an autocata-
kinetic cycle is complel€ and macroscopic order is established, increasing the flow
of heat from source to sink dramatically. lt should be pointed out that beyond the
critical field threshold, fluctuations or stochasticities above a minimum instability
amplitude are ubiquitous; thus not one, but a speciation event occurs and a whole
population emerges almost simultaneously, at which point competition and selection
ensues between the cells (Figure 5). It is also of $eat interest to note that precisely
because stochasticities are ubiquitious when the minimal threshold is crossed, and
because nonlinear effects amplify small differ€nces in amplitude as well as order of
appearance (those cells emerging first grow faster). the iime dependent behavior in
tie experiment (e.g., precisely where the first cells emerge (Figure 6) or what the



AUTOCATAKINEIICS. YES 223

of the

beings of

(order)

pm-

D 
Ntd Erl

process by

felds"o-

fufther

which in-
expenmenl

with
frrsults in a

mat

not it is
and lessen

the po-
dissipated

mol-
bffeco; the

ical field

system will look like while iL is "youn8" (Figure J(b)) is hiehly variable reladve to
lhe scale of lhe molecules. The finai state is always hexagonal cells ol a Particular
size determined by the slmmetry conditions of the field. The generic Point wonh
doting is that thel€ are times when small differ€nce can make big differences, viz.,
times when the system is very creativ€, and other times wh€n it is completely in-
sensitive to microscopic input.
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vidut nnnDoned\ which sdc .onrinuounv rc produced and rcplrc'Ll (e a - n'w 'ellin 'rgan_

nN !.d n;s humans anl.o'rtrrodnies in so.l.cuhuru! svdcn*) lt i\ " thc 'onilnr rclarLons

amon! ns nlns (rhd) mrkc n an onrni" rhe aercr.l DersLnenc' ol thc aftngcn'cdrs lmong

rh.nrihroushour rhe xaa occuPicd (p l0:). said spcneer. s(h 'tsnrd !r horb organrns lnd

$crocunrrar s!srtf,rs
.15  zc lcn i  rnd  Hutbd-  1991.  p  1 '17 .  p  156
.16 Spcnccr. lri?6. P l09
17 P. Weiss. i/;/r.5.n1r.. d 1-l. htrrurx PublLslrirs ComprD! Ncs Yorl. l97l

4 l t  P . W e n \ . _ l  1 1 1 2 ( W h e n o 0 . p l u s . n . J o c s n o r e q u r l r w . )  l n  / } .  N / ! ' r ' ! n ' ( ' \ i  " 1  l r r ^

P.,,rrar,- (; Quanon. cdn.d hyT Melnechuk rDd l Schmirt. Rocl'lcller tlnivc'sirv Pres\' Nc{

York ,  1967-  lP  80 l  3 l l
19 L. von B.ntrllnl]i.6.x.ttl S\n.oTlturr Gcorlc Brazlllcr' Ne* York. 1968

50 L. lon Bcn.lanlfy. P.rrldnr iy' ay'? Wr(s & Co - L'ntton. 1952
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/irhio which lhe a nctor
lh6 prcduction of a new
0 n* entily Gee funhe.

.294.
t .

:t927.

973.

,1968.

5 1 .
52.
53.

55.

59.
60.

62.
63.

65_

58.

vor Benalanffy, 1952, p. I24.

weissoriginall) lkd "microudekmrnacy.- 
bur I have,!bsnrured -mrcrc,,nd.teminacv- 

so asro renaer nr memrng moE precjr. rn 'he reN. ofrheir use roday, rder.minacv c.n d r ro ai
obseryer\ ,enorace everuh€r. j cylem b micrcn(hanic,u, *"^.r,ii" *r,.i. vjtiil:.,.#
a oorNeFhoependerr. ror wer\. macrcdereminey -can demonsrEbl' €rq on a hiqher levelwtrnour k'ng b.*d on any (omlsr.d microdereminacy on rhe nexr lowe, te"et.-,Tii" iu.d,-
medar poinr. Ar iat b w.Ns , dBunenl agarnj mech,ni(ic erpl.n.r,onj, atso hotds lhe kevwn{eDr {trhd\trcrnes pro\ jde seed. ar criricat thEshold( for.ymm€by bea*rie ever6 jtualn;
rhe discontinuous emerserce oa neq tcvets ot orde, ,new higr,i, o.d.ia "G""ii"r
Weiss. 1973. D 52
hheEnr ir 'he deE oi setf orSmizauon. md Mogniad b, Spencer and alio bv Ben.lanftt. -orc_
gF<rve m4h4rzanon Ere6 b the po8resr^e toss or -fEezrnC out- ofdeB;ees of tEed;m rharo(cu6, dlrins .ponraneous o'dering rhe bids€ berwe;n .,".;"a;;*i"".y- ""J

Fmergerce.nd ;l|{Gdidalion enrqit fie pogressne dddrron ot con{cints on Deviounv di!-oroers or ress+deed componenh ro poduce moR-highty.odercd {ares. Ar rhe final sraie uruetorr. .osdaink de nd-inal and rhe ,nlemat degrs or freedon de mrnrmat. -The diEc-xveners. s.ro Benalm t.'- 
"whnh is so chamcrenric ot ti(e proc.sses rhar rr qas consrdeEdrbe very esen e of lire, expricabre only i. vitarisric tems, r, ;"*"";,.y ..,iir,iiir,. p!"iii"i

sysEm-nare of lNinc orgsn$ms. namely. rhar rhey e open slskm5 -
with rne e.ognnion or equilin.liry, br qhich open (Jrehc converee on ,he sane end jares

'aon. wirhin some rd8e of innrat condilons. viz, rhe -basrn ola(racron. nomeorbsN. e'r posEs've mechan,zalion r$hich I wi[ cql -prosE,s^e dekrmm.
is_). end_di*cred beha!ior a rne ,pom-eou" *surr oi a",tp".. fl*. ;;;;i;.;;;;J;
prayrng a tonoamentor rcte in rhe prodwtion of tirins order
wdddrngton larer hr'od!red rhe km homeoEheqs , ft1ejs irom rhe CEek -,hein- ro now) qhrch

trle  rracrordrnmic5 a eqJitrn.tny I C waddr.eron. -.lhe lheon
or evolullon rod.'. h a.lond R.auctionkn.N"w p{:p^ti6 n thp L{" S.iences,.diied tr7
A Koesder od J. smythies, The Macnilm Compmy, i{ew york, tqOq. pp. :jz +iot.'''- 

-,

Maturda .  l9?5 .  b .3 l?

68.

Maturana and Ve€la. 1973. D. 78.
H. Marurea. -Biology of tm8uaee: The eprsremotog, ol E,tiy , tn psr, holon and Biotopv duneuda. and t houqnt. en\Gd by c. Mille' md L. Lenn.ber s. A. ad.mic Ee.s New yo, t, irt?s-,

B Rrrl. Hisba ol w^t.m phito:ophr. c,erye Atten & Unwin Lrd., London, 196t.
ree. e g dacon s dsdarntut enur{ rhar "inqu,ry inro nnal cause! n derite. dd. l*e s virum
consecELed ro cod. poduces norhinc- la. woodiRtd. rpleolosr. canhidE uniu.*,ry e,.i,,

Th. consFainr oI sunmalvi'] er!tdder co ecnve behavror, lhe con"rEinr ot analflka v contrn
uous-runcrioi: sctuds.dis@nMuous ,rhu! cre.river behav.-. *a ,*.^iu,r,,y i*"i"i.i e."i

i;f l"T?i; t*!;:t\1"t1:;:: #:#il"iil#:!: i f "?:nn;y,Tt: *:: #",m,
rer8., eoneo Dy F. oeter. in'ftsy\kms plblicafion\. satrn6, ca. t9et. pp.4t_5s.
As Boyle loinred our, sch a mecheical wo.t<r, which he compa€d to rhe'"'ingcnious ctek of
:Tby,e cl'h"d+. E__L-c".,!!. Ht:torr oJ Mdetatkn.-n iu.-,,, n",,. irv, rpso roo,,.2nd ed 

 

one. pubt. t377. p.3oll, litc Lhe SuasburC-Carheddt clock, musr ha,e un,nLetiis.nr
crcad d. In Neqlo0 s own quesrion. giren the\e Lhrngs beinC prcperry ord€Ed, do not rrh;re,

6 an incorpoEal Bein8. trvrng. rnrel,senr. omni-eFsent. $ho i;
:llllll:".?T" ::, 

",, 
*"-"1m sees Lhirc, ,hem*rves in,,mdkry. know, Lh.n;omprerery. and

mrds.' lE ulj$n. rio4 Ailotte to Da^th ahd aack Agzia J. Iyonr|nn..,, Linive^ly ofNotrc Dame Press, Noire Dane,IN. t984. !_ 1591.
R- swedon, "A mbnsr *olosicat physics n;eds a; oocoins crackdown on nateB conjurcd out
of thin air - P,4P R.vr.w, 5, 2. 1990, pp. 60-65.
R. Swensn. 'Ord.r, evolurion. .nd naturdt l.q: Fundamen,at clarions ,n comotex \vs!.ns fte-
ory ." \a Handbook oJ Stjent and CJber^eti.s, ednen by C. N"g.iru, V*"r O-"tt*i rn".. l.*
York, 1991, pp. 125-148-
R _Swdson, 

-E08tmmng iniLid condilions In a letf-producine en\nonm.nr.- p,oc.?dnsr,/rr?
IEEE and SSn Con|.ren.. A Deh.at" Balanr?: Technt.:. Cuhu,? "ad Cohr.qu.",a: 26 2t
Od. 19A9, Los Ahgetes, edibd by J. Biddle. IEEE SSIT, t . e,ga"., tem, d. eS-i, 

- -_
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70 B Wcber .  lmt l i caron :  o l rhe  a tp t i cx r ion  o tcompicx :y (erN rh€ory  ro  c .o :ydcms. '  lDpn
...lir!: ot rtt attt trnrtutbnat C.tst.s ol alh.hdn\ t-r Siy-,i. I t5 Junc 1990. New
York. F Ccy.r (cd ). Inle^ysr.nrs puhticartoDs. Srlinrs. CA (i. lh. prcss)

7l B wcbcr. md D Dcpc*_ E(nrrioD lnd sen*xl sy{tns rhcory: T;w.rd\ r (,buj sr-nrhess ..
Pnn?&lhirs .)f tlt 3]hlADuul M..tn1!: ol ttt.|SSS,f3.f_ t989.pp 38_45.

7: E.9.. Kanas noblllr hypodrcsrs. xdvrnccd icrrty a hutrdrcd J,erN c;rtrcr. rhar rhc v,|f srnem
6n't t,\. i o brnlN nom xn incohcrcnr srs wiih-r rhe conrcxr or r trrser unjverse {rhrs nre;nin-!
rhd rhe Ernh anl rhc tilc up.n ir h..i.o'rc inro bcids. rrl(, was now.ccqJ{ed rtrhouBh.(i
n rccssar i l l  i n  rs  de ln j l s .

71. C DrNin- Or tk, O,i{in t[ St&i^ b\ M.tr\ .f Nu"ttt S.!t\h.r d nt prcs.^rttit,t d Fa
t./.tl Rt.r: nt th.sr1r(!tt li, /.4i JohD Murry. L.nton. 1359.

7t R. Clausiur. "Udber vcrschicdcnc riir die a.$cdduna bcqucJnc Fomrcn dcr Hauflgteichunsen dcr
md.hrnlschen Wfiirn.rhtorie - Ar,ato t.t ph\sik t"t a.h.],,2, 7. I865. m ]8i_4m.

15 w. Thomn)n. On a unlvc^rl rendencr. 

 

n' nrruie ro rhc di\sirarnD or Dre.tjir.xt encrly.- prir,
s.rltltrtt Mut..n( t,.l J.tn1rl rt S.nar.. 4. :uh $rics. Juty Dccc.,br._ t851. pp ld,t 306.

?6 Inf lrh.word ev.lurion is not tutrnd ir rhc rqenrl onc .hxprers of rrz D "r,.,l t ,,f U*, ru,
'n an] ot rhc su.rnuries ot rhcsc rhntrers Dor ,n rhc sunriurie\ of rhe fiteen chrprcrs ot.7/k
O/ar r  lG i l$ -  193.11 .

71. As Clirn.o hr\ norcd. rhc r.mr 'ev.LurnD LVr\ firsr !\rd by rh. S*,i\s Drcbnnrrnrnin Bonncr
qrh relerence to . b+olrt), (o mcrn rhc -unlbtdnrA ot rhc .mbryo) Lxilxrk did Nt usc rhe
$.ftr ir att iD his rh..ry .n thc rinsturmrlion ot \F.ie\ Iirg p 

 

t.orwdd Ln 1309 Ir sas SFncer
\ho inrodu..d rhe llrsr conltr.h€osive rtrcor! ol cvoturio. rnd s,tjo Nruhrizcd rh. word in ihe
Igrh.dnrury [R. Crmciro. Thr devolurnrn.l evohror _ 

td.lll at)/.!r. 19. t9?2. pp 2.18
158:  C i$n_ l r )3 .1  .  sNnrdr  g ! !e  a  Drc . rsc  (noD.pr . r (nur joDiso  .Ct in i r im r ,  ewt r ;  , s  " l
chrnAe from an iDdclniire. inroherDr hdmosenciiy. ro x detinirc. roheBnr hcr.n)eeneiryi rtnou!h
conlrDUous drlliicnri!rion\ rnd irrcgrarn)n\_ llsar2, t l6 . Tha ts pncjsctr *hrr trc nud rrdiy
!s sponrrn..us.deirn! " As rhc rirlc ot DarwLn.\ t859 $.rk nrakes.tcrr. his iNcDrnJn *,as onty
r. slD* i) rhrl speci.: hrd rhrnged o!.r rinre. rnd jj) rhxr rhey s.ru n(dilicd b' a tnrce$ tc
cxllcd nlhmi sclecrion lr *$ ld.r rhrr rhe \ord r\r)turion bc.nnre idctrrnicd *,nh hi: qork
rnd e!oltrnona|r'f rh.orv hecrine rcdlr.d b nrntrrl {,c!, oD

73 I r I rc rD. rwnrboroq,cdrhcphnsc-nru ! !Lc tu r€ \ i s lenc . - t romMrt rhus*hohadat r .  l yc t l ined
(h. {rugSlc a\ I Eencnt pnrp€ny ot rtrc -rinlt rnd llsclrhlc tnrgdoDs.. lcjitson. tr8.r. p
761 (Dlrwln nlso borowcd rhe _\urvival.l rhe ii(cj- h.nr Sp.r.cn

79 L I,llrgulis an! J. Lo!cIrl. _Lti.|rgLc!t Dnltrt.(rn.l tbc Lxnh.s dm*Jrhcre.. n?I/rs. 2t.
197.1. tp .17 | .139

30 .l Lovclock Jid L Nl!.gultrs. "Ar.osfhefic honr€onn\is bl, rnd tor rhc bnr\the.e Thc cJJ Hl
porhcsis. L/r,J. 26- 197.1. pp 1 t0

81. L Mrrsuln rnd J. Lovclo.l. -Thc bi.k r\ ancietrr [rJ on)dcm i!)du]ak{ ol rhe Frnh.s .h.
\p\nte ltt. dnl Appli.ll G.,t/,rInr. tt6. t978. pt 219 1.13

82 R Ssensotr. Erer8cnr evolrtrior rnrl rhc gtobrt n(rrcr.r The evottrrionlr, rtisr.nr.logl .l en
rropl proJudnrr .rx\i.rizdi.n Ptot.&lir!: t)tnr,.lJ).t Ann r,l M?.rt,s ./ rft, /.5j.t. $..r. 1989.

lJl. R SLren!rn. _lhc Ldh rs rn inconn.cnsuftre tL.ld x( rhe -e.o-ro:.ric inrcrti.c tn a;.,-cl^,rn.
Rtlttior! 1I. Lut t u"n i6 Mdr,,.nfr,rrr.r/. c{tirod br, rj To.rasseD. W de Crd . A A
Knoon. xnd R H€ngevelJ. PUDOC Scicn.c prbtnheA. Wxeengjnscn. The Nertrcrta.ds. 1989.

8,1. lhs has bren crlled rlrc "V.nrrd\kl Pdltrlox ht C Bxrto* rnd T Volk. -Op.i s),ncnrs tiline
in  x  c l ( ^ed  b iosphcr .   

 

n . *  Frndo\  n r  rhe  c t r i ! . t cb l le  . .A fur - r r . , , J .21 .  
l t90 . tD.37 t  r8 . r

35 R Dr*kins. 7r? tnzn&t I'h.n.lrrt \\ lt. tirc,rxn_ Sxn linn.i\co. CA_ t93:
86 R S*eDson. 'cduss in ! box: Nrit'ng do*n thc ln( nfitrcjftes ot a.rkjn .. /,Aw Rzftur. {_:.

81. Micro md .rncrc in rlrc lcv.l rnJef.ndcnr rhoory Drcscnrcd here nrc d€tioed rctnr\r lo cach oth$

33 L Bolrznrann. -Th! le.ond las ol rtr€nn.dvDr i.: .. r'trrtldr. Shrilkn, ridr .1. xdd.c:s r) !
l.rmal meering ol rhe lmlr.riat Acdcmy ot S.j.nce. t9 M!! lB36. R.Fnnrct in Lr.h i! a,t:
trdnr, Tht.ttlnzl Ph\t.:, d)tt Pttil. n)trtnr ! prrbtor:. s Brush (ranst ). t) RcrJelptrblistrir!.
Co . Bon.n. t97.1, D0 ll l2 C.ns.qu.nr r) his ctlid r, hr\e r.drcea thc sc.ond Law ro r l;
oi pnJbrhiiny. SoXzdrxno \rid lbd nd.cutes of -bo.tre\.. Drovidg rl rhc sa.re \peed and jD the
\rmc drccrion r\ rhe nro{ iritr)brbL. cNc ronccivrblc. .n nrtLnjret} tmpnJbrbtc c.n
Irguranon oi cieryy np. lll
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89. A. Ko.itci, dkcussior lbllownrg thc l.crure by P Wei\s, lhe liviDg st!enr: Delernrinis.r srr.L
ified," in B\.rd R..lk.ti.r1sh: N.r'Pt:prttir! nt n( LiIt Srn r'.r. cdncd bJ- A Koenlcrand
J. Snrythies, The Nlncnrilhn Conrpmy. 1969. p. 30.

90  Benr l ! . l r y .  1952,  I  I45
9l A l1ling s!{cm. said S.hrijd,ngcr, ld€ds on negarile erropy rhcreb), -freeing ilself frum Jl

Ihe cntropl n cannor hclp producnrg whilc ir n alive lE Schrijdnr8cr. w/i?r ̂  1-ti, The Mlc
nrillan Comprny. New York. 1945. p. 721. Lxr$. Prigog,ne used lhe lcmr _dissipatilc {ru.rure'
tu rhe Senenl cb\\ or'phen0mem *hich aenalanfty had .ddtussed !\ "open synenrs" u. Pri-
!.qinc. The'ntu4nantiL:.1 lrrtr.t:ihie Pro(ss.s Intencience Publlshea. Nes York. 19551.
Because aiheoEnrofnririmunr ensopy produ.rkrn p()posed by PliCoAiDc wrscftoneorsly rholghr
b apply to oi(te! p( ucing s](enr\- Nnre confusion rill rc.rrins rnd nccds somc conrncnt. Vcry
brieny (for r frller r..unt s.e Swcnson ") thc lheoren jaics rh.r tur I \ysleor extrenrely close
to cqullibriun wnh morc than onc lnrcc (pdtenrial) drivins flows (a.d rhus n0ducins €nlropy). il
one force is Dainrained consranr bui thc orhc* are alkJwed ro dissipdc. rhc.nrdpy pftducrion
will decre.se unril n reaches a.rinimunr (rclarile ro irs carler naG\) in rhc ncadt narc. Thn
nrtmenr is.dhpletcly uns!.prising: since rlosc to cquilibriuD rhc llows are ! linear funcrion ol
nrcbrccs, asrhc tbrc.sdhsipatc thc llows s,llneccssrrily declease untilonlt the oncheld conllnr
remains This telius only rhatlhe flows are Iinearly dcpcndcm.n rhe ftEes i| rbc ncrFcqulllbriunr
reeinre (a facr well known \ince Onsasen rnd rhd porcnrials rre sponrlncously minnnizcd th.
second lrw It does not rcll us whi.h fl,Jws or parhs ro equilibrium arc sclc.led. giv€n rhese lads.
Thc arswcr to ihat queslion (shown bclo{ in rh. rexr) is: lhe pathways or ll.ws. Aiven (he co.
straints, ihat Bet it to equilibrium or minimize thc porc.ti,ls the tulre(.'lhis is rlrc pnn.iplc rhdt
lccounb lor orderine

92 K lon Brer, -Contovcrst .vcr Ddrwinism - ln Dar*nt dnd H is C t itir :: Th. R...ttior aI Ddl
|ntsTh.o^ oj L\ol ioh b,- rh. S.i."1nc Cotnrwti^. edi(edbyD Hull, Hdrlrd Univ€^iy
Pre$,  Cambr idse ,  MA.  l9 t l .  p r . .1 l6  42?.

93  r .n  B !er ,  1971.  p  .121
9.1. M Bungc, C/rvr/h ht Mol.ht Srntut. D.ret Publicrlions. N.w York. 1979
95 M. Planck. j.k,tti. ,4,tabioa/dplt.\ ad oth.r Pdpers Philosoftical Library, NY. 19.19.
96. H. Callen, I'cDrodJM,u.s ad ar htrodtrrn t b Th.,?,rrn,nri.r John wiley & Sons. N.w

9?. W. Mdkus. -Discrcrc rrdnsitioN jn turbuldnr conrecrion Pra..alint: ll tlk R.\ul So.ic1! o.f
a.,4,,, 225, 195'1, pp 185 195.

98. I have recentiy re introduced rur,,c!ralinetics nno rhe lirerarurc!1 in irs upda!ed rnd nrorc precisely
defi.ed r.rm The tern. first used by Onwald- was nored hrer b! Lorkr [A Lotka. E]c,!.nb.,/
Mulhttnulicul Bialqr. D.rct Publicatjo.s. New York. 19561.

99. II iems of global evolurion. rhis fncr is easily sccn Thcrc had ti be rrokaryotic subnEtc bcforc
eukaryoles, a eukarrolic substle ben{e higheFordered foms. a8ii.ulr!tu beire rhe nde. erc.

100 The need lardn e.ol.Sical phlsics qrs n cenl(l insishr olthe ccologicd psy.hokJgt or., J
Cibso. wnh his rccognnion of rhc op.rdjon ol ldwlul rdl ions scaled to thc .cobgi.al lclcl of
p.rceiveB [J. J G\bson- | h. E.alasi.ol Appt.ur h tu v|ual P.re?tia, Houshion M ift'l in. Bo]

l0l. M. TuRey lnd C Cdell.. cog.nbn: The view irom ecolosical rcrlis C,a,rn,,- l0- l98l-
p p  3 1 3  3 2 1 .

102. "Such considerarions nnmedialely lead to . a reconsid$arnrn .fphysics i$elf. They nnply rhat
rhe basis forphysical inre.a.rions between systems is lar widerthan h,s b€encobid€red hereroiore
. . ! *ider cluss of obserr.blc quamnies Physics h$ bcen do.rnrated by the idea thar
ther€ is ulrmarcly a sjnglc modc of sysrcm ,ndltis. i.vdhi.s rhc isolaion oi clcmcntary par
ticles r the laws of interaciion berween lhese panicl.s ulrnnately delemrine every propeny of any
natural system " [R. Rosen, Flda,tertals .I M.asur.,n.rt dnd Rtp'?:.ntuni.,t.fNont1l S.\!.ns.
Nonh Holland. New Ydrk. I973. p. r,i xiiil

l0-l P Kugler. M. Turvey, C. Cmllo a.d R Shrw, 'Thd physics oi controllcd collisions A rclcne
aboni locomorion." ln P./s6t.n.e anl Chaht:., ErlbaLn\, Hillsdale. NJ, 1985, pD. 195-229
Thus the global Ernh systcm.s a wlrolc s a liling s)!em. and so is. mulc c!c. rhougb ir docs
nor rcproduce (n does nor ptuduce notu mulcs) whereas ilssion or thc splning .r enrries inro
two is a propeny of aulocatakineti.s (physict under rhe appropriarc t1€ld condiltun\ (e e.- B6na l
cclls Gcc Figure 8) and !illaBet, n is nor di.Enostic ol rhc l,ving The seneralitrr of the rcplicative
aubcatakineti. dctinitio. of rhc livnrg should ,lsd be not€d: it d@s nor requtc spc.ltying an,
panicutar scale or conrponenrs. or a houndar). On this view cuhurdl s)'!ems (hunan $cial sys
rcrnt de livin8 synems, too, ahhough of a pafticular kind thcir.ur.carakinelics is specified by
second-ordcr kinenatic fields (see lex0.
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