
FUNCTION, ORGANIZATION, AND SELECTION 

by William C .  Wimsatt 

One might believe, from the language of many of the symposiasts, that 
the concepts of “order” and “organization” have provided a unifying 
theme for the dieerent perspectives presented here. In my opinion, this 
would be a mistake-at least if this belief is taken to imply that the 
kinds of order that were primarily discussed, thermodynamic order 
and the spatio-temporal organization produced by simple dissipative 
structures, are likely to shed much direct light on the nature of bio- 
logical or social order, or upon valuational or normative concerns 
arising from them. 

Csikszentmihalyil has already raised doubts concerning the useful- 
ness of such results in the characterization of social organization. But in 
the light of the remarks by Katchalskyz and Edelstein3 it might seem 
that the study of a theory of dissipative structures would yield a direct 
analysis of the nature of biological organization. In spite of substantial 
agreement with their perspectives, I wish to disagree on this point and 
to try to indicate what I think is missing. 

ADAPTIVE ORGANIZATION 

Dissipative structures have a number of features which suggest bio- 
logically significant theoretical connections. They involve an energy 
flow through the system (unlike the closed systems of classical equi- 
librium thermodynamics) and nonlinear reactions operating far from 
equilibrium (unlike the systems of classical nonequilibrium thermo- 
dynamics). The study of dissipative structures has afforded the first 
thermodynamic explanations for ordered spatial and temporal hetero- 
geneity in open systems. Theoretical biologists have been intrigued by 
predictions and demonstrations that relatively simple dissipative struc- 
tures could exhibit periodic oscillations, hysteresis, “developmental 
switching,” and other “morphogenetic” effects. It seems reasonable to 
predict that further study of such systems will have numerous biologi- 

William C. IVimsatt is assistant professor in the Department of Philosophy, the 
Committee on the Conceptual Foundations of Science, and the College, University 
of Chicago. This paper was presented at the symposium on science and human values 
during the annual meeting of the American Association for the Advancement of Sci- 
ence, Chicago, Illinois, December 29, 1970. 

168 



William C. Wimsatt 

cal applications and will permit a simplified treatment of some hereto- 
fore intractably complex biological phenomena. 

But a study of dissipative structures is not likely, by itself, to lead to 
a penetrating analysis of biological organization-at least as most biolo- 
gists would understand that term. Since Aristotle, biological organiza- 
tion has been characterized in terms of teleology and adaptiveness. 
This is no less true, now that Paley’s “argument from design” and Pan- 
glossian Harmonies of Nature have been replaced by Darwin’s mecha- 
nism of natural selection and variegated interpretations of “survival of 
the fitte~t.”~‘There is no more pervasive quality of living systems than 
their adaptation, in some degree and at all levels, to surrounding con- 
di tions. 

Since coadaptation (selection for the reduction of mutually disfunc- 
tional interactions) of parts of a unit of selection is a primary mode of 
adaptation of that unit to its environment, and units of selection (as 
Lewontin has pointed 0 ~ 9 5  can themselves exist simultaneously at a 
number of different levels, we should expect to see the production of 
adaptations and coadaptations at virtually all levels of organization. 
That which increases fitness (roughly) is selected for, anything which 
promotes the first is derivatively selected for, and so on, through the 
transitivity of the causal relation. These chains of causal relations must 
themselves be coadapted, and the result is a hierarchy of causal rela- 
tionships arranged in a manner formally similar to a means-end hier- 
archy in human decision making. I have elsewhere described some of 
the formal properties of these causal networks.6 

Selection is essential here to explain how this adaptive organization 
could have arisen. Nothing more is postulated in modern evolutionary 
theory to explain this adaptation than the directive effects of differen- 
tial selection, and nothing less will do. Somewhat paradoxically, dif- 
ferential selection is a product of different degrees of adaptation; so 
adaptation is what Ashby might call a “self-amplifying” property. 

To say that something is a dissipative structure, however, is to say 
nothing per se about adaptive organization, or about the selection 
necessary to produce it, and thus nothing about the most striking and 
central feature of biological organization. I therefore cannot believe 
that the study of dissipative structures provides a powerful and direct 
approach to the problem of the nature of biological organization. 

PHENOTYPIC COMPLEXITY 

This is not to say that dissipative structures have nothing to do with 
biological organization. Both Katchalsky and I agree that the inter- 
action of reproduction with variation and differential selection is itself 
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a dissipative structure. This is illuminating, but not too helpful be- 
cause it  does not tell us what to do next. It is at this stage slightly more 
helpful than being told that organisms do not fail to obey the second 
law of thermodynamics, but probably less helpful than being told that 
natural selection is an optimizing process. Katchalsky’s lament over 
Bohr’s principle of complementarity applies here as well: “The dis- 
tance between the principle[s] and the operational requirements [is] 
too great.”? 

Abstraction and oversimplification have caused problems in biology 
before, A particular case in point will illuminate the problem of bio- 
logical organization. Because I have said the magic words “selection” 
and “adaptation,” it should not be thought that I have given an 
analysis of biological organization. I have at most indicated a direction 
in which such an analysis should go. Can adaptive organization be 
analyzed in terms of a means-end hierarchy to optimize some param- 
eter? Then why cannot all interacting systems be considered parts of 
a means-end hierarchy to maximize entropy? Is selection crucial? What 
prevents us from saying that a chemical component which is increasing 
in a mixture is being selected for? Self-reproduction is surely paradig- 
matically biological-but what distinguishes it from autocatalysis? The 
problem is that almost every supposedly distinctively biological prop- 
erty has counterparts in very simple physical systems. Thus, a mixture 
of simple dimeric, inorganic autocatalysts competing for a common 
substrate could display an astounding repertoire of “biological” phe- 
nomena-from logistic growth curves and a Lotka-Voltema type of 
ecology (complete with competition coefficients, population oscilla- 
tions, and extinctions) to balanced (or unbalanced) polymorphisms, 
genetic loads, Mendelian ratios, and Hardy-Weinberg equilibria. 

It should not be surprising that, as idealized oversimplifications, 
most mathematical theories in biology also apply without modification 
(and frequently with a great deal more accuracy) to much simpler sys- 
tems than those the models were originally constructed to explain. 
These simplifications may be irrelevant or even desirable in some re- 
spects, but not when it comes to attempting to characterize biological 
organization, for it is just this which has been left out. It is this sim- 
plification which allows Williams to write: “In its ultimate essence, 
the theory of natural selection deals with a cybernetic abstraction, the 
gene, and a statistical abstraction, mean phenotypic fitness,”* just as i f  
nothing were going on in between those two levels and selection 
operated directly on “naked genes.” This denigration of intermediaries 
goes in spirit back at least to Butler’s comment that a hen is just an 
egg’s way of making another egg. But in biology, the means are as de- 
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finitive of life as the ends. Waddington recently put it this way: “I 
do not believe that if we discovered systems that were nothing more 
than mechanisms for the hereditary transmission of mutable informa- 
tion we should . . . consider them to be living. . . . To be worthy of 
being called alive they must . . . exhibit some sort of ‘physiological 
activity.’ . . . Life involves not only the genotype but also the produc- 
tion of something of the kind geneticists speak of as the phenotype . . . 
something which was developed out of the genotype and which inter- 
acts with the surrounding non-living environment.”S 

Waddington goes on to call for the development of a “theory of phe- 
notypes,” and he and Williams10 both clearly regard the problem of 
adaptation as requiring substantial further study and analytical treat- 
ment. 

Biological organization, then, is the organization of the phenotype, 
and it is adaptive organization. No theory can claim to be a theory of 
biological organization unless it deals both with the complexity of the 
phenotype and its optimal or quasi-optimal organization in terms of 
means and ends. The theory of dissipative structures will undoubtably 
play a part in such a theory when it is constructed, but this is not to say 
that it is that theory. 

AND BEYOND? 

A “generalized theory of phenotypes” may be what biology lacks, but 
the fruitfulness of such a theory need not stop there. This, I take it, 
was the germ of truth in the organicist analogies of the functionalists 
in the social sciences. The works of Simon,ll Campbell,l2 Levins,l3 and 
others14 suggest that what is sauce for the goose may be good for 
General Motors-that common principles may apply to adaptive sys- 
tems at any level-from biological systems of varying degrees of com- 
plexity, through the variety of cognitive systems generally studied by 
psychologists as learning systems, to whatever at the social and cultural 
levels meets the conditions required to speak of evolution through 
differential selection. Adaptive systems, as well, have close ties with 
human purposiveness and teleology-at least in the possession of a 
common conceptual structurel5-and this appears to promise ties with 
problems of valuation which are somewhat less metaphorical than those 
afforded by thermodynamics. 

Nonetheless, just as biological systems, though dissipative structures, 
are a great deal more as well, so psyches and societies, for all their fame 
and failures as adaptive systems, both present a few new conceptual 
niceties of their own. “Adaptive organization” should not be a panacea. 
Experience should have taught us by now that it is usually an expen- 
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sive conceptual economy to attempt to cram all the phenomena at one 
level too quickly into the straitjacket of a set of categories designed 
for use at a lower level. But the continuing high enthusiasm of many 
scientists and philosophers in the service of reduction cannot help 
making some of their colleagues wish that William of Ockham had 
invented a safety razor. 
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