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Foreword 

Evolution beyond Newton, Darwin, and 

Entailing Law 
 

Stuart A. Kauffman 

 
My large aim in this foreword is to take us from our deeply received scientific 

worldview and, derived from it, our view of the “real world” in which we live—

namely, from the understanding of the world that was spawned by Newton and 

modern physics, to an entirely different, newly vibrant, surprising, partially un-

knowable world of becoming which the living, evolving world—biological, 

economic, cultural—co-creates, in an often unprestatable mystery, its own pos-

sibilities of becoming. If the latter perspective is right, we are beyond Newton, 

and even beyond Darwin, who, in all his brilliance, did not see that without nat-

ural selection “acting” at all, the evolving biosphere creates its own future pos-

sibilities. And we will see, at the foundations of all this, that no laws entail the 

evolution of the biosphere, economy, or culture. This is because, since Descartes 

and Newton, entailing laws are the heart of our worldview of mechanism. Thus, 

if entailing law is our modern understanding of the meaning of “mechanism” 

and if the evolving biosphere becomes beyond entailing law, then the evolving 

biosphere becomes beyond mechanism. 

We will begin to see ourselves in the living, evolving world, in a world of 

inexplicable and unforeseeable opportunities that emerge without the “action” of 

natural selection in the evolving biosphere, or often without intent in the human 

world, that we partially co-create. It will follow that we live not only in a world 

of webs of cause and effect, but webs of opportunities that enable, but do not 

cause, often in unforeseeable ways, the possibilities of becoming of the bio-

sphere, let alone human life. But most importantly, I seek in this new worldview 

a re-enchantment of humanity, of which this foreword may be a part. Our disen-

chantment following from Newton led to modernity. I believe we are partially 

lost in modernity, seeking half-articulated, a pathway forward. Re-enchantment 

may be an essential part of this transformation. 

I have many points to make and ideas to explore, and hope they shall prove 
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relevant and find resonance. If I am right, we are in the world in a way that we 

do not now clearly recognize. I begin with an amazing statement by early soci-

ologist, Max Weber, who said, roughly, “with Newton we became disenchanted 

and entered modernity.” Weber was right. Following Newton’s triumph found-

ing of classical physics, a mechanical worldview of celestial mechanics and bil-

liard ball trajectories, the first clear fruition of Descartes’ res extensa and his 

own mechanical worldview, came our Enlightenment, our Age of Reason, then 

with the rise and application of science, the Industrial Revolution, and moderni-

ty. Newton’s amazing successes left no room for mystery in the proffered scien-

tific account of the working of the world. Without some sense of mystery, we 

were, as Weber notes, disenchanted.  

 

 

Newton 
 

How the Western, and now, the modern world, three hundred and fifty years 

later, changed with the inventions of, largely, one mind, Newton. Not only did 

he invent the mathematics, the differential and integral calculus, that gives us 

our way of thinking as moderns, from physics upward, but he gave us his fa-

mous three laws of motion, and universal gravitation. Ask Newton: “I have six 

billiard balls rolling on a billiard table—what will happen to them?” and Newton 

might have rightly responded: “measure the positions, momenta, diameters of all 

the balls, and the boundary conditions of the table, write down my three laws of 

motion in differential equation form representing the forces between the balls 

and between the balls and the edges of the table, then integrate my equations to 

yield the deterministic future trajectories of the balls.” 

What had Newton done? He had mathematized Aristotle’s “efficient cause” 

in his differential equations giving forces between the entities, the laws of mo-

tion. He had invented a conceptual framework to derive the deterministic trajec-

tory consequences by integration. But integration is deduction is “entailment,” 

so the laws of motion in differential form entail the deterministic trajectories. In 

this entailment, Newton mathematized, in a very general framework, Aristotle’s 

argument that scientific explanation must be deduction: All men are mortal; 

Socrates is a man; hence, Socrates is mortal. 

In the early 1800s, Simon Pierre Laplace further generalized Newton. Given 

a massive computing system, the Laplacian demon, informed of the instantane-

ous positions and momenta of all the particles in the universe, the entire future 

and (because Newton’s laws are time-reversible) past of the universe is fully 

predictable and determined. This statement by Laplace is the birth of modern 

“reductionism,” the long held view that there is some “final theory” down there, 

as in Stephen Weinberg’s “Dream of a Final Theory,” that will entail all that 

becomes in the universe. 

We need two additional points. First, by the time of Poincaré, studying the 
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orbits of three gravitating objects (a topic Newton knew was trouble), Poincaré 

was the first to show what is now known as deterministic chaos. Here tiny 

changes in initial conditions lead to trajectories that diverge from one another 

exponentially. Since we cannot measure positions and momenta to infinite accu-

racy, Poincaré showed that we cannot predict the behavior of a chaotic deter-

ministic dynamical system. Determinism, contra Laplace, does not imply pre-

dictability. Second, quantum mechanics overthrew the ontological determinism 

of Newton, on most interpretations of quantum mechanics. Nevertheless, quan-

tum systems obeying Schrödinger’s equation deterministically evolve a proba-

bility distribution of the ontologically indeterminate probabilities of quantum 

measurements. That evolution of the probability distribution is again entirely 

entailed. 

With general relativity and quantum mechanics, the twin pillars of twentieth 

century physics were and remain firmly in place. No attempt to unite general 

relativity and quantum mechanics has been successful after eighty-five years of 

trying. Success may or may not come. In modern physics, the conviction re-

mains that all that arises in the universe is entailed. 

 

 

Darwin 
 

After Newton, and perhaps as profoundly, Darwin changed our thinking. We all 

know the central tenants of his theory: heritable variation among a population, 

competition for resources insufficient for all to survive, and hence, natural selec-

tion culling out those variants “fitter” in the current environment. Thus, we 

achieve adaptation, and critically, the appearance of design without a designer. 

The well-known story of the difficulties of Darwin’s theory with “blending in-

heritance” and its unexpected rescue by Mendelian genetics, even the fact that a 

copy of Mendel’s work lay unopened on Darwin’s desk, is well known. 

Mendelian genetics prevents blending inheritance and paved the way for the 

mid-twentieth century neo-Darwinian—or “Modern”—Synthesis. 

The entire panoply of life’s evolution at last lay open to at least the start of 

understanding given Darwin. The history from Darwin and Mendel to the neo-

Darwinian synthesis of the mid-twentieth century is well known. I would com-

ment briefly here that the neo-Darwinian synthesis left out Waddington’s 

“epigenesis”—the attempt, starting with Wolff, to link development and evolu-

tion. Just as the mathematical inventions of population genetics by Fisher, Hal-

dane, and Wright served to unite Mendel and Darwin, the inventions of mathe-

matical models of the genetic regulatory networks envisioned by Waddington—

for example my own early study of Random Boolean Networks as models of 

genetic regulatory networks,
1
 and now Systems Biology, including the modern 

sense of epigenetics as heritable changes in chromosomal “markings” by meth-

ylation or acetylation of histones, without changing the DNA sequence—are a 
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further part of extending the neo-Darwinian synthesis to include development, 

environment, and ecology, into a broadened synthesis. Much of this is the sub-

ject of the current book. This foreword hopes to require an even broader re-

examination of an evolution that is beyond entailing law. If entailing law is 

mechanism, evolution truly is beyond mechanism. 

 

 

Monod and “Teleonomic”  
 

The concepts of “function,” “doing,” “purpose,” and “agency” in biology, and 

with it, a potential “meaning” for signs or symbols, totally absent in physics 

where only “happenings” occur, have been muted in standard biology by a con-

cept voiced by Jacques Monod. Consider a bacterium swimming up a glucose 

gradient. It “seems” to be “acting to get food.” But said Monod, this view of the 

organism seems to be entirely wrongheaded. The cell in its environment is just 

an evolved molecular machine. Thanks to natural selection, the swimming up 

the gradient gives the appearance of purpose, of teleology, but this is false. In-

stead, this behavior is a mere “as if” teleology that Monod called “teleonomy.” 

(In a wider view, Monod struggled to reconcile teleonomy with his sense that 

organisms do act with purpose, an issue he thought was the central one of biolo-

gy
2
). In short, for Monod, via teleonomy, and for legions of later biologists and 

philosophers, “doing” is unreal in the universe. Only the mechanical, selected 

appearance of “doing” is real. 

Indeed, in so arguing, Monod is entirely consistent with physics. As noted, 

there are no “functions,” “doings,” “meanings,” or “agency” in physics. Balls 

rolling down a hill are merely Newtonian “happenings.” So too are the happen-

ings in the evolved molecular machine that is the bacterium swimming up the 

glucose gradient. Yet we humans think functions and doings and agency are real 

in our world. If so, from whence functions, doings, agency, and meanings? 

Functions, meanings, and doings are real in the universe. I now give, as far as I 

know, an entirely new set of arguments that, I believe, fully legitimize functions, 

doings, agency, and even meanings as real in the universe, but beyond physics. 

The discussion has a number of steps. 

 

 

The Non-Ergodic Universe above the Complexity of the Atom 
 

Has the universe in 13.7 billion years of existence created all the possible 

fundamental particles and stable atoms? Yes. Now consider proteins. These are 

linear sequences of twenty kinds of amino acids that typically fold into some 

shape and catalyze a reaction or perform some structural or other function. A 

biological protein can range from perhaps fifty amino acids long to several thou-

sands. A typical length is three hundred amino acids long. Then let us consider 
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all possible proteins that are two hundred amino acids in length. How many are 

possible? Each position in the two hundred has twenty possible choices of amino 

acids, so there are 20 x 20 x 20 200 times, or 20
 
to the 200th power, which is 

roughly 10 to the 260th power possible proteins of 200 amino acids in length. 

Now let us ask if the universe can have created all these proteins since its 

inception 13.7 billion years ago. There are roughly 10 to the 80th particles in the 

known universe. If these were doing nothing, ignoring space-like separation, but 

making proteins on the shortest time scale in the universe, the Planck time scale 

of 10 raised to the -43 seconds, it would take 10 raised to the 39th power times 

the lifetime of our universe to make all possible proteins length 200, just 

once. In short, in the lifetime of our universe, only a vastly tiny fraction of all 

possible proteins of length 200 can have been created. This means profound 

things. First, the universe is vastly non-ergodic in the physicists’ sense of the 

ergodic hypothesis at the foundation of statistical mechanics. It is not like a gas 

at equilibrium in statistical mechanics. With this vast non-ergodicity, when the 

possibilities are vastly larger than what can actually happen, history enters. Not 

only will we not make all possible proteins length 200 or 2000, we will not 

make all possible organs, organisms, social systems. There is an indefinite hier-

archy of non-ergodicity as the complexity of the objects we consider increases.  

 

 

Kantian Wholes and the Reality of Functions, “Doings, and 

Agency” 
 

The great philosopher, Immanuel Kant, wrote that “in an organized being, 

the parts exist for and by means of the whole, and the whole exists for and by 

means of the parts.”
3
 Kant was at least considering organisms, which I will call 

Kantian wholes. Functions are clearly definable in a Kantian whole. The func-

tion of a part is its causal role in sustaining the existence of the Kantian whole. 

Other causal consequences are side effects. Note that this definition of function 

rests powerfully on the fact that Kantian wholes, like a bacterial cell dividing, 

are complex entities that only get to exist in the non-ergodic universe above the 

level of atoms because they are Kantian self-recreating wholes. It is this combi-

nation of self-recreation of a Kantian whole, and therefore, its very existence in 

the non-ergodic universe above the level of atoms that, I claim, fully legitimizes 

the word, “function” of a part of a whole in an organism. Functions are real in 

the universe. 

Now consider the bacterium swimming up the glucose gradient to “get 

food,” Monod’s merely teleonomic as if “doing.” But we can rightly define a 

behavior that sustains a Kantian whole, say the bacterium existing in the non-

ergodic universe, as a “doing.” Thus, I claim, “doings” are real in the universe, 

not merely Monod’s teleonomy. Furthermore, “agency” enters with “doing.” In 

my third book, Investigations,
4
 my own attempt to define agency stated that a 
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molecular autonomous agent was a self-reproducing system that is able to do at 

least one thermodynamic work cycle. With Philip Clayton, we broadened this 

definition to involve the inclusion of the self-reproducing system in some 

boundary, say a liposome, and the capacity to make at least one discrimination, 

food or not food, and to “act” upon that discrimination. Bacteria clearly do this, 

and, without invoking consciousness, are therefore agents. Agency is real in the 

universe. 

A rudimentary beginning of “emotion” emerges here.
5
 The bacterium must 

sense its world and act to avoid toxins and to obtain food. The evaluation of 

“good” versus “bad,” arguably,
6
 the “first sense,” enters here. Agency and the 

existence of the cell precedes this “semiotic” evaluation logically, for if there 

were no existence in the non-ergodic universe of the Kantian whole, agency and 

evaluation of food versus poison would not be selected, and so they would not 

exist in the universe. Thus, contra Hoffmeyer’s fine contribution in this volume, 

I would argue that life is not sufficiently based on semiosis, for, as noted, if 

there were not a prior Kantian whole existing in the non-ergodic universe above 

the level of atoms, semiosis would not have evolved. I note also that Hume’s 

famous “one cannot deduce an ‘ought’ from an ‘is,” namely, the famous Natu-

ralistic Fallacy, rests on the critical fallacy that Hume, like Descartes, thought of 

a mind “knowing” its world. Hume did not think of an agent “acting” in its 

world. Given “action” and “doing,” doing “it” well or poorly enters inevitably, 

and with it, “ought.” With ought, the need for evaluation, the rudiments of emo-

tion without positing consciousness, enter.
7 

Interestingly, Kant opined that there would never be a Newton of biology. 

Despite Darwin, a major point of this paper, which will take us beyond physics, 

is that here Kant was right. There never, indeed, will be a Newton of biology, 

for, as we will see below, unlike physics and its law-entailed trajectories, the 

evolution of the biosphere cannot be entailed by laws of motion and their inte-

gration. No laws entail the evolution of the biosphere, a first and major step be-

yond physics, beyond the entailed trajectories of physics, hence beyond mecha-

nism, and toward “re-enchantment” at the “watershed of life.” 
 

 

 

Collectively Autocatalytic DNA Sets, RNA Sets, or Peptide Sets 
 

Gonen Ashkenasy at the Ben Gurion University in Israel has created in the 

laboratory a set of nine small proteins, called peptides. Each peptide speeds up, 

or catalyzes, the formation of the next peptide by ligating two fragments of that 

next peptide into a second copy of itself. This catalysis proceeds around a cycle 

of the nine peptides.
8
 It is essential that in Ashkenasy’s real system, no peptide 

catalyzes its own formation. Rather the set as a whole collectively catalyzes its 

own formation. I shall call this a collectively autocatalytic set, “CAS.” 

These astonishing results prove a number of critical things. First, since the 
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discovery of the famous double helix of DNA, and its Watson Crick template 

replication, many workers have been convinced that molecular reproduction 

must rest on something like a template replication of DNA, RNA, or related 

molecules. It happens to be true that all attempts to achieve such replication 

without an enzyme have failed for 50 years. Ashkenasy’s results demonstrate 

that small proteins can collectively reproduce. Peptides and proteins have no 

axis of symmetry like the DNA double helix. These results suggest that molecu-

lar reproduction may be far easier than we have thought. I mentioned that briefly 

in 1971, 1986, and 1993,
9
 inventing a theory for the statistically expected emer-

gence of collectively autocatalytic sets in sufficiently diverse “chemical soups.” 

This hypothesis, tested numerically, is now a theorem.
10

 If so, routes to molecu-

lar reproduction in the universe may be abundant. 

I raise a new question. We must ask: what kind of “law” does this theory of 

the spontaneous emergence of collectively autocatalytic sets involve? We will 

see that whatever form this “law” may be, it is not a Newton-like law with initial 

and boundary conditions, laws of motion in differential equation form, and the 

integration of those laws yielding entailed trajectories—i.e., our hallmark case 

since Newton of “mechanism.” Newton mathematized “efficient cause,” one of 

Aristotle’s four causes: material, final, formal, and efficient. I suspect that the 

theory of the spontaneous emergence of collectively autocatalytic sets is a new 

kind of law: a Formal Cause law. If this is right, one, and perhaps the best, theo-

ry for the emergence of life as an expected property in ensembles of chemical 

reaction networks is not a mechanistic law at all, and the emergence of such sets 

is beyond mechanism in a new sense, even though each instantiation of such an 

emergence in the ensemble of all possible chemical reaction networks has a set 

of mechanisms. Collectively autocatalytic DNA sets and RNA sets have also 

been made.
11

 

 

 

Collectively Autocatalytic Sets Are the Simplest Cases of  

Kantian Wholes and the Peptide Parts Have Functions 
 

A collectively autocatalytic set is precisely a Kantian whole that “gets to ex-

ist” in the non-ergodic universe above the level of atoms precisely because it is a 

self-reproducing Kantian whole. Moreover, given that whole, the “function” of a 

given peptide part of the nine peptide set is exactly its role in catalyzing the liga-

tion of two fragments of the next peptide into a second copy of that peptide. The 

fact that the first peptide may jiggle water in catalyzing this reaction is a causal 

side effect that is not the function of the peptide. Thus, functions are typically a 

subset of the causal consequences of a part of a Kantian whole. 
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Task Closure in a Dividing Bacterium 
 

Collectively autocatalytic sets exhibit a terribly important property. If we 

consider catalyzing a reaction a “catalytic task,” then the set as a whole achieves 

“task closure.” All the reactions that must be catalyzed by at least one of 

Ashkenasy’s nine peptides are catalyzed by at least one of those peptides. No 

peptide catalyzes its own formation. The set as a whole catalyzes its own repro-

duction via a clear task closure. 

Consider a dividing bacterium. It too achieves some only partially known 

form of task closure in part in, and via, its environmental niche. But the tasks are 

far wider than mere catalysis. Among these tasks are DNA replication, mem-

brane formation, the formation of chemiosmotic pumps and complex cell signal-

ing mechanisms in which a chemically arbitrary molecule in the environment 

can bind to part of a transmembrane protein, and thereby alter the behavior of 

the intracellular part of that molecule, which, in turn, unleashes intracellular 

signaling. Thus this task closure is over a wide set of tasks. 

 

 

Biosemiosis Enters at This Point 
 

I thank Professor Kalevli Kull of the Tartu University Department of Semi-

otics for convincing me that, at just this point, biosemiotics enters.
12

 As Kull 

points out, the set of environmental molecules that can bind the outside parts of 

transmembrane proteins are chemically arbitrary—a point Monod emphasized as 

well in considering allosteric enzymes. Thus, as Kull points out, the set of states 

of the different molecules outside the cell that can bind to the outside parts of 

these transmembrane proteins and unleash intracellular signaling and a coordi-

nated cellular response, constitute a semiotic code by which the cell navigates its 

“known” world, “known”—without positing consciousness—via the code and, 

in general, probably evolved by selection encoding of the world as “seen” by the 

organism. Change the molecule species binding the outside of the 

transmembrane proteins, and the world the cell “knows” and evaluates changes. 

Biosemiosis is real in the universe.  

 

 

Toward: No Entailing Laws, but Enablement 

in the Evolution of the Biosphere 
 

I now shift attention to a new, and I believe, transformative topic. With my col-

leagues Giuseppe Longo and Maël Montevil, mathematicians at the École 

Polytechnique in Paris, I wish to argue that no law entails the evolution of the 

biosphere.
13

 If we are right, entailing law, the centerpiece of physics since New-
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ton, ends at the watershed of evolving life. If this claim is right, it is obviously 

deeply important. Furthermore, it raises the issue of how the biosphere, the most 

complex system we know in the universe, can have arisen beyond entailing law. 

I will discuss these issues as well. And, central to this book, if entailing law is 

the instantiation of Descartes’ res extensa and mechanistic worldview as math-

ematized by Newton’s “entailing” laws of motion, we will find a new sense in 

which evolution is not mechanism. Again, the foregoing discussion proceeds in 

several steps. 

 

 

The Uses of a Screwdriver Cannot Be Listed Algorithmically 
 

Here is the first “strange” step. Can you name all the uses of a screwdriver, 

alone, or with other objects or processes? Well, screw in a screw, open a paint 

can, wedge open a door, wedge closed a door, scrape putty off a window, stab 

an assailant, be an objet d’art, tied to a stick a fish spear, the spear rented to “na-

tives” for a 5 percent fish catch return becomes a new business, and so on. I 

think we all are convinced that the following two statements are true: (1) the 

number of uses of a screw driver is indefinite; and (2) unlike the integers which 

can be ordered, there is no natural ordering of the uses of a screw driver. The 

uses are unordered. But these two claims entail that there is no “Turing Effec-

tive Procedure” to list all the uses of a screwdriver alone or with other objects or 

processes. In short, there is no algorithm to list all the uses of a screwdriver. 

Now consider one use of the screwdriver, say to open a can of paint. Can 

you list all the other objects, alone or with other objects or processes, that may 

carry out the “function” of opening a can of paint? Again, the number of ways to 

achieve this function are indefinite in number and unorderable; so, again, no 

algorithm can list them all. 

 

 

Adaptations in an Evolving Cell Cannot Be Prestated 
 

Now consider an evolving bacterium or eukaryotic, say, single-celled or-

ganism. In order to adapt in some new environment, all that has to occur is that 

some one or many cellular or molecular “screwdrivers” happen to “find a use” 

that enhances the fitness of the evolving cell in that new environment. Then 

there must be heritable variation for those properties of the cellular screwdrivers, 

and then natural selection, acting at the level of the Kantian whole cell, will se-

lect, or cull out, the fitter variants with the new uses of the molecular screwdriv-

ers which constitute adaptation.  

I wish to make an additional point here. It is widely known that Darwin 

gave us natural selection “culling,” and something like the “survival of the fit-

test,” the appearance of design without a designer. But from whence came the 
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arrival of the fittest, or at least the fitter? The above selection at the level of the 

Kantian whole cell of cellular or molecular screwdrivers for a new or modified 

use is the arrival of the “fitter.” Adaptation consists in just this “finding of a use” 

that enhances fitness. More, by the above discussion, we cannot prestate what 

this use will be. But no algorithmic list of the possible uses of these cellular and 

molecular screwdrivers can be had, thus we cannot know, ahead of time, what 

natural selection acting at the level of the Kantian whole organism, will reveal 

as the new uses of the cellular screwdrivers acting in part via the niche of the 

organism, which succeed better, hence were selected. We cannot in general 

prestate the adaptive changes that will occur. This is the deep reason evolution-

ary theory is so weakly predictive. 

 

 

We Cannot Prestate the Actual Niche of an Evolving Organism 
 

The task closure of the evolving cell is achieved, in part, via causal or quan-

tum consequences passing through the environment that constitutes the “actual 

niche” of the evolving organism. But the features of the environmental “niche” 

that participate with the molecular screwdrivers in the evolving cell which will 

allow a successful task closure are circularly defined with respect to the organ-

ism itself. We only know after the fact of natural selection what aspects of the 

evolving cell, its screwdrivers, as well as of the causal consequences of specific 

aspects of the actual niche, are successful when selection has acted at the level 

of the Kantian whole evolving cell population. Thus, we cannot prestate the ac-

tual niche of an evolving cell by which it achieves task closure in part via that 

niche.  

But these facts have deep meaning. In physics, the phase space of the sys-

tem is fixed, in Newton, Einstein, and Schrödinger. This allows for entailing 

laws. In evolution, each time an adaptation occurs and a molecular or other 

screwdriver finds a new use in a new actual niche, the very phase space of evo-

lution has changed in an unprestatable way. But this means that we can write no 

equations of motion for the evolving biosphere. More, the actual niche can be 

considered as the boundary conditions on selection. But we cannot prestate the 

actual niche. In the case of the billiard balls, Newton gave us the laws of motion, 

and told us to establish initial and boundary conditions then integrate laws of 

motion stated in differential equation form to get the entailed trajectories. But, in 

biology, we cannot write down the laws of motion, so we cannot write them 

down in differential equation form. Even if we could, we could not know the 

niche boundary conditions, so we could not integrate those laws of motion that 

we do not have anyway. It would be like trying to solve the billiard ball problem 

on a billiard table whose shape changed forever in unknown ways. We would 

thereby have no mathematical model. Here, the profound implication is that no 

laws entail the evolution of the biosphere. 
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If this is correct, we are, as stated above, at the end of reductionism, and at 

the watershed of evolving life. Now the machine metaphor since Descartes, per-

fected by Newton, leads us to think of organisms, as Monod stated, as molecular 

machines. Let me distinguish diachronic from synchronic science. Diachronic 

studies the evolution of life, and its “becoming,” over time. Synchronic studies 

the presumably fully reducible aspects of, for example, how a heart, once it has 

come to exist in the non-ergodic universe, “works.” In these synchronic studies, 

reductionism may work, but some of the chapters in this book argue to the con-

trary. But in the diachronic becoming of the biosphere, life is an ongoing, 

unprestatable, non-algorithmic, and non-mechanical process selected for fit-

ness. 

There are, I think, deep implications to this. What is the “phenotype”? This 

is a much debated question. But few would doubt that the causal consequences 

of a part that sustain the Kantian whole are its function, and that therefore, func-

tions are either the phenotype or at least part of the phenotype. This realization 

has an odd and new consequence. When some cellular or molecular screwdriv-

ers alone or together “find some use” in the current, or new, environment that 

enhances the fitness of the Kantian whole organism, and so are selected if herit-

ably variable, in a deep sense it is “immaterial” just what cellular or molecular 

screwdrivers, and which of their specific causal consequences, happen to fulfill 

the new adaptive use. Thus, in a deep sense, the Arrival of the Fitter does not 

depend in any specific way on any specific predefinable set of cellular or mo-

lecular screwdrivers. Although any specific instantiation of an adaptive step to a 

fitter function or new function will in fact utilize some specific cellular or mo-

lecular screwdrivers, which ones may happen to be the ones so selected cannot 

be algorithmically prestated. Thus, not only is there the familiar “multiple 

realizability” philosophers are used to, the situation is more radical—the multi-

ple realizations for a given new use cannot be algorithmically listed, so are 

unprestatable. In this sense, the adaptive change of the organism is beyond en-

tailing law and beyond statable mechanism.  

 

 

Information Theory Is Useless in Evolution 
 

Consider familiar information theory, for example, that of Shannon or Kol-

mogorov. It is central to these basic concepts of information theory that there be 

a finitely prestatable “alphabet of symbols.” The familiar examples are bit 

strings over the alphabet [1,0], such as (1011010). Then Shannon computes the 

entropy of the information source given the number of copies of each bit string 

message in the source. Kolmogorov computes the complexity of the symbol 

string as the shortest program that can produce it. For both Shannon and 

Kolmogrov there must be a prestated alphabet of symbols. 

But by the above discussion, there is no prestated alphabet of phenotypes 
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and functions—themselves part of phenotypes—in biological evolution. The 

quantum behavior of a single electron, as in photosynthesis, or the relative 

placement of cilia on a Paramecium, can be a phenotype with functional conse-

quences. We cannot prestate their becoming in the non-ergodic universe above 

the level of the atom, for no laws entail that becoming. Thus we have no 

prestatable alphabet upon which to build any known information theory. There-

fore, there is no sense in which any current form of information theory is appli-

cable to biological evolution. 

 

 

Darwinian Preadaptations and Radical Emergence: 

The Evolving Biosphere 
 

If we asked Darwin what the function of my heart is, he would respond, “to 

pump your blood.” But my heart makes heart sounds and jiggles water in my 

pericardial sac. If I asked Darwin why these are not the function of my heart, he 

would answer that I have a heart because its pumping of blood was of selective 

advantage in my ancestors. In short, he would give a selection account of the 

causal consequence for virtue of which I have a heart. Note that he is also giving 

an account of why hearts exist at all as complex entities in the non-ergodic uni-

verse above the level of atoms. Hearts are functioning parts by pumping blood, 

of humans as reproducing Kantian wholes. Note again that the function of my 

heart is a subset of its causal consequences, pumping blood, not heart sounds or 

jiggling water in my pericardial sac. 

Darwin had an additional deep idea: a causal consequence of a part of an 

organism of no selective significance in a given environment might come to be 

of selective significance in a different environment, so be selected, and typically, 

a new function would arise. These are called “Darwinian preadaptation” without 

meaning foresight on the part of evolution. Stephen Jay Gould renamed them 

“exaptations.” I give but two examples of thousands of a Darwinian preadapta-

tion. First, your middle ear bones that transmit sound from the eardrum to the 

cochlea of the inner ear evolved by Darwinian preadaptations from the jaw 

bones of an early fish. Second, some fish have a swim bladder, a sac partly filled 

with air and partly with water, whose ratio determines neutral buoyancy in the 

water column. Paleontologists believe that the swim bladder evolved from the 

lungs of lung fish. Water got into some lungs; now sacs partly filled with air, 

and partly with water, were poised to evolve into swim bladders. Let us assume 

the paleontologists are right. 

I now ask three questions: first, did a new function come to exist in the bio-

sphere? Yes, hearing and neutral buoyancy in the water column. Second, did the 

evolution of the middle ear or swim bladder alter the future evolution of the bio-

sphere? Yes, new species of animals with hearing, new species of fish evolved 

with swim bladders. They evolved new mutant proteins. And critically, the mid-
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dle ear, or the swim bladder, once each came to exist, constituted what I will call 

a new adjacent possible empty niche, for a worm, bacterium or both could 

evolve to live only in the middle ear or swim bladders. Thus the middle ear or 

swim bladder, once each exists, alters the possible future evolution of the bio-

sphere. I return to this point in a moment for enchantment hides here. Third, 

now that you are an expert on Darwinian preadaptations, can you name all pos-

sible Darwinian preadaptations just for humans in the next three million years? 

Try it and feel your mind go blank. We all say no. A start to why we cannot is to 

ask the following questions: How would you name all possible selective envi-

ronments? How would you know you listed them all? How would you list all the 

features of one or many organisms that might serve as “the preadaptation”? We 

cannot. 

The underlying reasons why we cannot do this are given above in the dis-

cussion about screwdrivers, their non-algorithmically listable uses, either alone 

or with other objects and processes, as well as the non-algorithmically listable 

other objects and processes that can accomplish any specific task, opening a can 

of paint, that we can use a screwdriver to accomplish. In addition, the organism 

completing task closure in part via its actual niche is circularly defined and can-

not be prestated until selection at the level of the Kantian whole organism re-

veals what has “worked,” hence what the relevant variables, functions, and as-

pects of the environment actually now are. 

 

 

The Adjacent Possible 
 

Consider a flask of one thousand kinds of small organic molecules. Call 

these the Actual. Now let these react by a single reaction step. Perhaps new mo-

lecular species may be formed. Call these new species the molecular “adjacent 

possible.” It is perfectly defined if we specify a minimal stable lifetime of a mo-

lecular species. Now, let me point at the adjacent possible of the evolving bio-

sphere. Once lung fish existed, swim bladders were in the adjacent possible of 

the evolution of the biosphere. But two billion years ago, before there were 

multicelled organisms, swim bladders were not in the adjacent possible of the 

evolution of the biosphere. 

I think we all agree to this. But now consider what we seem to have agreed 

to: with respect to the evolution of the biosphere by Darwinian preadaptions, we 

do not know all the possibilities. Now let me contrast our case for evolution with 

that of flipping a fair coin 10,000 times. Can we calculate the probability of get-

ting 5,640 heads? Sure, use the binomial theorem. But note that here we know 

ahead of time all the possible outcomes, all heads, all tails, alternative heads and 

tails, all the 2 to the 10,000 power possible patterns of heads and tails. Given 

that we know all the possible outcomes, we thereby know the “sample space” of 

this process, so we can construct a probability measure. We do not know what 
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will happen, but we know what can happen. 

But in the case of the evolving biosphere, not only do we not know what 

will happen, we do not even know what can happen. There are at least two huge 

implications of this: first, we can construct no probability measure for this evo-

lution by any known mathematical means. We do not know the sample space. 

Second, reason, the prime human virtue of our Enlightenment, cannot help us in 

the case of the evolving biosphere, for we do not even know what can happen, 

so we cannot reason about it. The same is true of the evolving econosphere, cul-

ture, and history. As I will try to show us, we often do not know ahead of time 

the new variables that will become relevant, so we cannot reason about them. 

Thus, real life is not an optimization problem, top down, over a known space of 

possibilities. It is far more mysterious. How do we navigate, not knowing what 

can happen? Yet we do. This has very large implications for how we govern 

ourselves and live wisely when we cannot know all that can happen. 

 

 

Without Natural Selection, the Biosphere Enables and Creates 

Its Own Future Possibilities 
 

Now I introduce Radical Emergence that I find enchanting. Consider the 

middle ear, or swim bladder, once either has evolved. We agreed above, I be-

lieve, that a bacterium or worm or both could evolve to live only in that middle 

ear or swim bladder, so the middle ear or swim bladder as a new adjacent possi-

ble empty niche, once it had evolved, alters the future possible evolution of the 

biosphere. Next, did natural selection act on an evolving population of hearing 

animals or fish to select a well-functioning middle ear system or swim bladder? 

Of course (I know I am here anthropomorphizing selection, but we all under-

stand what is meant). But did natural selection “act” to create the middle ear or 

swim bladder as a new adjacent possible empty niche? No! Selection did not 

“struggle” to create the middle ear or swim bladder as a new empty adjacent 

possible niche. But that means something I find stunning. Without selection act-

ing in any way to do so, evolution is creating its own future possibilities of be-

coming! And the worm or bacterium or both that evolves to live in the middle 

ear or swim bladder is a Radical Emergence unlike anything in physics. 

It seems important to stress that the new realization that the biosphere, 

without natural selection, creates its own future possibilities, was not seen by 

Darwin, nor by contemporary evolutionary theory, including the neo-Darwinian 

Synthesis. We are, with “no laws entail the evolution of the biosphere,” if true, 

beyond Newton, Einstein, and Schrödinger at the watershed of evolving 

life. And with the enchantment of the fact that the evolving biosphere creates, 

beyond selection, its own future possibilities, we are beyond Darwin. We have 

entered an entirely new worldview. Note that I am not talking here about famil-

iar “niche construction,” discussed in this book and elsewhere, where the behav-



 Evolution beyond Newton, Darwin, and Entailing Law 15 

 

iors of organisms modify their niches, nor am I talking about the Baldwin effect. 

I am talking about “niche creation” itself. 

 

 

Evolution Often Does Not Cause, But Enables Its Future Evo-

lution 
 

The bacterium or worm that evolves to live in the actual niche of the middle 

ear or swim bladder whereby it achieves a task closure selected at the level of 

the Kantian whole worm or bacterium, evolves by quantum indeterminate, and 

ontologically a-causal quantum events. Later, it is selected, if heritable and fit-

ter, by natural selection acting at the level of the whole organism in its world. 

Thus, the swim bladder does not cause, but enables—that is, “makes possi-

ble”—the evolution of the bacterium or worm or both to live in the swim blad-

der. This means that evolving life is not only a web of cause and effect, but of 

empty niche opportunities that enable new evolutionary radical emergence as the 

evolving biosphere creates, beyond selection, its own future possibilities. The 

same is true in the evolving econosphere, cultural life, and history, as I discuss 

more fully below. We live in both a web of cause and effect and a web of ena-

bling opportunities that enable new directions of becoming. 

Moreover, the swim bladder or middle ear, as an “adjacent possible” empty 

niche opportunity for adaptation by a-causal quantum mutation events, then se-

lected if heritable, is itself, as that new adjacent possible niche, an “enabling 

constraint.” As that enabling constraint, the niche shapes evolution and enables 

the worm or bacterium in the adaptive solution it finds in a new adjacent possi-

ble created by the niche. The same claim is true in the entire evolution of the 

multi-specied biosphere. Each species or set of species, plus the abiotic envi-

ronment, creates enabling constraints opportunities for yet new species (see the 

section on the evolution of collectively autocatalytic sets creating autocatalytic 

sets below). This raises the fascinating new question of whether we can find an 

account of how enabling constraints generate new adjacent possible ways of life 

and shape them, thereby generating yet newer enabling constraints yielding 

newer “adjacent possibilities” for evolution, perhaps maximizing the average 

rate of growth of the adjacent possible into which the biosphere evolves, and in 

so doing creating even more possibilities for itself. 

 

 

Neither Quantum Mechanics Alone Nor Classical Physics 

Alone Account for Evolution 
 

Mutations are often quantum a-causal and indeterminate, random events. 

Yet evolution is not random: the eye evolved some eleven times and the verte-

brate and octopus camera eyes are nearly identical (except that the blood vessels 



16 Stuart A. Kauffman  

 

in the octopus are behind the retina). These examples, widespread, of convergent 

evolution show that evolution is not random. Thus, neither quantum mechanics 

alone, nor classical physics alone suffices to account for evolution. 

 

 

Toward a Positive Science for the Evolving 

Biosphere beyond Entailing Law 
 

The arguments above support the radical claim that no laws entail the evolution 

of the biosphere. If right, then Kant was right. There will be no Newton of biol-

ogy. Not even Darwin was that Newton yielding entailing laws. But the bio-

sphere is the most complex system we know in the universe, and it has grown 

and flourished, even with small and large avalanches of extinction events, for 

3.8 billion years. Indeed, there is a secular increase in species diversity over the 

Phanerozoic. 

How are we to think of the biosphere building itself, probably beyond en-

tailing laws? Organisms are Kantian wholes, and the building of the biosphere 

of these past 3.8 billion years seems almost certainly to be related to how Kanti-

an wholes co-create their worlds with one another, including the creating, with 

no selection, of new empty adjacent possible niches that alter the future evolu-

tion of the biosphere. There may be a way to start studying this topic: a new 

quest. Collectively, autocatalytic sets are the simplest models of Kantian wholes. 

In very recent work with Wim Hordijk and Michael Steel, computer scientist 

and mathematician, respectively, we are studying what they call RAFs, which 

are collectively autocatalytic sets in which the chemical reactions without catal-

ysis, occur spontaneously at some finite rate, and that rate is much speeded up 

by catalysis. Fine results by Hordijk and Steel show that RAFs emerge and re-

quire only that each catalyst catalyzes between one and two reactions. This is 

fully reasonable both chemically and biologically.
14

 

Most recently, the three of us have examined the substructure of RAFs.
15

 

There are irreducible RAFs, which, given a food set of sustained small mole-

cules, have the property of autocatalysis, but if any molecule is removed from 

the RAF, the total system collapses. It is irreducible. Then, given a maximum 

length of polymers allowed in the model as the chemicals, from monomers to 

longer polymers, there is a maximal RAF, which increases as the length of the 

longest allowed polymer, and hence, the total diversity of possible polymers 

allowed, increases. The most critical issue is this: there are intermediate RAFs 

called “submaximal RAFs,” each composed either of two or more irreducible 

RAFs, or of one or more irreducible RAF and one or more larger “submaximal” 

RAF, or composed of two or more smaller submaximal RAFs. Thus we can 

think mathematically of the complete set of irreducible RAFs, all the diverse 

submaximal RAFs, and the Maximal RAF. For each, we can draw arrows from 

those smaller RAFs that jointly comprise it. This set of arrows is a partial order-
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ing among all the diverse RAFs possible in the system. 

The next important issue is this: if new food molecule species, or larger 

species, enter the environment, even transiently, the total system can grow to 

create new submaximal RAFs that did not exist in the system before. This is 

critical. It shows that existing Kantian wholes can create new empty adjacent 

possible niches and with a chemical fluctuation in which molecular species are 

transiently present in the environment, the total “ecosystem” can grow in diver-

sity. A model biosphere is building itself! 

In this system, the diverse RAFs can “help” one another, for example, a 

waste molecule of one can be a food molecule of another, or via inhibition of 

catalysis, or toxic products of one with respect to another, can hinder one anoth-

er in complex ways. They form a complex ecology. Further, these RAFs, if 

housed in compartments that can divide, such as bilipid membrane vesicles 

called liposomes,
16

 have been shown recently to be capable of open-ended evo-

lution via natural selection, where each of the diverse RAFs act as a “replicator” 

to be selected and, in that selection, chemical reaction “arcs” that flower from 

the RAF core act as the phenotype with the core. Thus, to my delight, we have 

the start of a theory for the evolution of Kantian wholes. But there is a profound 

limitation to these models: they are in a deep sense algorithmic, and their possi-

ble phase spaces can be prestated. The reason is simple: the only functions that 

happen in these RAF systems are molecules undergoing reactions, which are 

catalyzed by molecules. But the set of possible molecules up to any maximum 

length polymer can be prestated. And the set of possible catalytic interactions 

can be prestated. Therefore, even in models where the actual assignment of 

which molecule catalyzes which reaction is made at random or via some “match 

rule” of catalyst and substrate(s), then assigned with a probability of catalysis 

per molecule, thus, we have already prestated all the possibilities for reaction 

systems and all possible patterns of catalysis. Therefore, the phase space is 

prestated. 

By contrast, in the discussion above, we talked about the vast task closure 

achieved by an evolving bacterium or eukaryotic cell or organism. These tasks 

were not limited to catalysis. And as we saw with the discussion of the possible 

uses of a molecular screwdriver in a cell, those uses are both indefinite in num-

ber and not orderable, so no algorithm can list all those uses. Nor can we 

prestate how the evolving Kantian whole cell, where selection acts at the level of 

the Kantian whole and culls out altered screwdriver parts with heritable varia-

tions that achieve some often new functional task closure via the actual niche. 

Thus the real evolutionary process is non-algorithmic, non-machine, non-

entailed. With respect to our initial evolving RAF ecosystems, we do not yet 

know how to make this evolution non-algorithmic and non-entailed. While we 

have a start, and a useful one, it is not enough. 

Recent work, as noted, has shown that collectively autocatalytic sets in con-

tainers that divide with the set, such as liposomes, can support open-ended evo-

lution. This is even more strikingly true if the set of “functions” involved is far 
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wider than mere catalysis, like that in real evolving cells and not algorithmically 

statable. Thus, the neo-Darwinian Synthesis builds upon too narrow a basis of 

gene-centric contemporary organisms on Earth in its understanding of evolution. 

If we ever create or find new life-forms that are not based on DNA, RNA, and 

encoded proteins, we will have to vastly generalize our thinking about evolution. 

 

 

The Economy Is an Evolving Autocatalytic Set 
 

In the theory of autocatalytic sets, typically modeled are the “molecules” as bi-

nary strings (1000100) as substrates, products, and catalysts for speeding the 

reactions among the substrates and products. There is nothing at all that is fun-

damentally “chemical” about the binary symbol strings (e.g., 10001010). These 

symbol strings can stand for any objects that can “react” and transform. Thus 

consider the physical transformations in the real economy. Here two boards and 

a nail act as “substrate inputs” to a “production capacity” consisting of a ham-

mer. The production capacity is the analogue of the reaction among chemical 

substrates to produce chemical products. Here, the two boards and nail as input 

goods are “acted upon, catalytically” by the hammer to produce the product: two 

boards nailed together. Now note that the hammer itself is a product of the eco-

nomic system. Thus, the real economy is also a collectively autocatalytic set, 

with food interpreted instead as renewable resources that feed into the economy. 

In turn, economic growth of ever-new goods and production capacities in 

the past fifty thousand years, from perhaps one thousand goods and production 

capacities then perhaps to ten billion now, has occurred. Just as in the use of 

collectively autocatalytic sets non-algorithmically creating ever-new niches for 

ever-new autocatalytic sets of autocatalytic sets in an ever-expanding “adjacent 

possible” in a biosphere of growing diversity, in the same way the growing di-

versity of goods and production capacities in the econosphere may well reflect 

the same collectively autocatalytic, non-algorithmic, niche formation. Both are 

likely to reflect the beginning theory of collectively autocatalytic sets, or RAFs 

as above, plus the non-algorithmic character by which many new goods and 

practical “uses” of economic “screwdrivers” emerge. Again, we are beyond en-

tailment, for those new uses are indefinite in number and unorderable, so non-

algorithmic, and not entailed. No law, it seems, entails the evolution of the 

economy. A fortiori, no law entails the evolution of culture, law, and history. 

 

 

The Mathematical Theory of the Spontaneous Formation of 

Collectively Autocatalytic Sets May Constitute a New Form of 

Law: Formal Cause Law 
 

The mathematical theory of the emergence of collectively autocatalytic sets, 
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say with respect to the origin of life, and not to an economy, posits an ensemble 

of chemical reaction networks each of which has molecules as substrates and 

products, linked by chemical reactions in a “reaction graph.” In addition, in the 

first version of this theory, each molecule has a fixed probability of catalyzing 

each reaction. Which molecule actually catalyzes any given reaction is assigned 

totally at random. Then numerical studies and theorems show that at a sufficient 

diversity of molecules and reactions, so many reactions are catalyzed according 

to the random catalysis probability rule, that collectively autocatalytic sets 

“emerge” spontaneously as a literal phase transition in the specific reaction 

graph. Also, this theory shows that over a vast ensemble of chemical reaction 

graphs the same emergence would hold. Furthermore, were the constants of na-

ture in physics changed just a bit so that chemistry changed just a bit, the same 

theorems would hold, so they seem not even to depend upon the physics of our 

specific universe.  

I now ask, as hinted above, is this theory and its “law of the expected emer-

gence of collectively autocatalytic sets” (testable experimentally by, for exam-

ple, using libraries of random peptides), anything like Newton’s formulation? 

Recall, Newton mathematized Aristotle’s efficient cause in his three laws of 

motion in differential equation form, giving the efficient cause forces between 

the particles and in his universal law of gravitation in differential equation form. 

Then by integration, given initial and boundary conditions, we yield the de-

duced, hence entailed, deterministic trajectories of the particles. This 

mathematization of efficient cause, which for Aristotle is causal mechanism, is 

our mathematization of mechanism, as promulgated by Descartes in his res 

extensa. But is the theory above of the phase transition in virtually any member 

of a vast ensemble of chemical reaction graphs, or more generally a set of ob-

jects, transformations among those objects and a generalized “catalysis” of the 

transformations among those objects, as in an economy, a Newton-like Law 

with efficient cause differential equation laws of motion? No it is not. So, we 

might ask: what form of law is the law of the expected emergence of collectively 

autocatalytic sets? 

Aristotle’s formal cause concerns what it is for a statue to be a statue. I sug-

gest that the theory of the emergence of collectively autocatalytic sets is a For-

mal Cause Law of what it is to emerge as a collectively autocatalytic set. This 

requires much further discussion, for it proffers a new kind of law. Note that 

from the example of the economy as a collectively autocatalytic set, even the 

“materials” and “processes” in the emergence of the collectively autocatalytic 

set are “immaterial.” They could be chemicals, reactions and catalysis, or input 

goods output goods production functions and speeding up of production func-

tions by some goods in the system.  
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Wise Governance when We Not Only Do Not Know 

What Will Happen, but Often Do Not Even Know 

What Can Happen 
 

My next comments are wider than required for the foreword to this fine book, 

but worth stating for their broader human implications. We do not live in the 

world we have thought in the Newtonian framework. We live in a world of 

unprestatable new, unintended possibilities, opportunities, biosphere, 

econosphere, history. We do not know all the variables that will become rele-

vant.  

As an economic example that we all know: the invention of the Turing ma-

chine enabled the invention of the main frame computer whose wide sale created 

the market opportunity for the personal computer whose wide sale created the 

market opportunity for word processing, whose wide use created the opportunity 

to share files, whose increasing use created the opportunity for the invention of 

the World Wide Web, whose coming into existence created the opportunity to 

sell things on the web, whose abundance was part of creating content on the 

Web which created the opportunity for Web browsers. Now we have Facebook 

and the Arab Spring. No one at the time of Turing or the early main frame fore-

saw, or intended, the invention of electronic commerce on the Web, or browsers 

or Facebook. These well-known facts are of profound importance practically. In 

1950, had one tried to plan and optimize over a twenty-year time horizon, one 

would not have known the variables that would become relevant. Therefore, we 

live with the illusion of an adequacy of “scientific top down management and 

control.” Instead, we live with the promise of discovery of that which we help 

co-create, but opportunities that often arise without intention, and the promise of 

wise enablement. 

All of this presents us with an argument for rethinking governance. Central-

ized top down control fails for two reasons. First of all, in respect to that above, 

we cannot know all the relevant variables beforehand. But the second is equally 

astonishing. Complex problems with many factors that can interact positively or 

negatively create “multi-peaked” fitness or payoff landscapes. The local peaks 

often reflect local features of the landscape, for example, in policy formation, 

the specific variable values, behaviors, and other aspects of the problem in dif-

ferent geographic or cultural regions. Thus, even were the relevant variables all 

known, which they are not, “one size fits all” optimization misses these local 

features that engender multiple peaks, often of very similar fitness or payoff, 

requiring different modes of regulation and action that are locally appropriate. 

Now consider governance: it strongly suggests that “one size fits all” rules, 

such as the United Nations and the IMF may mandate, may often be poor choic-

es, missing the variegated and local structure of the landscape in ques-

tion. Furthermore, if we often cannot know the relevant variables as well, this 
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suggests an even more radical modification of governance. The general issue is 

obvious, but I give one example that is due to my colleague Asim Zia at the 

University of Vermont. An Amazon country was monitoring deforestation by 

satellite imaging of the forest canopy. Local businesspeople entered the forest 

and cut down smaller trees and sold them for profit, leaving the canopy intact. 

Who would have thought ahead of time of that novel, presumably non-

algorithmic, solution of the locals to making a living and subverting the efforts 

of the government monitoring? We really do not know the variables that will 

become relevant. 

Wise enablement via laws and regulations, which have cascading conse-

quences we cannot foresee,
17

 as is often seen in the sequelae to legal rulings, 

requires a new examination of what we enable when we enable, and wise revi-

sion of what we enable when we see it go awry, even though we still will not 

know the further new unprestatable variables that we then enable and that will 

become relevant. Living is more mysterious and open-ended than we have 

thought in our Newtonian worldview, where we pretend that we can know and 

master all. In truth, we often know not what we do. 

 

 

Re-Enchantment and Creating a New World 
 

I return to Max Weber’s astonishing statement: “with Newton we became disen-

chanted and entered Modernity.” Was Weber right? I think so. With Newton, we 

left the late Middle Ages and entered a worldview of the deterministic dynamics 

of celestial mechanics, the Theistic God acting in the universe retreated in the 

Enlightenment to a Deistic God who set up the universe with Newton’s laws and 

let them unfold. The war between theistic religion and science, let alone science 

and the arts, was underway. Next came our beloved Enlightenment, with its 

mantra, “down with the Clerics, up with science for the perpetual betterment of 

Man.” The Enlightenment was the “Age of Reason.” Next came the Industrial 

Revolution based on science derived from physics and chemistry. Thence we 

entered Modernity. 

We know the goods and ills of our fully lived Enlightenment dreams. We 

have democracy, a higher standard of living, are better educated, have better 

health and longer lives. Yet our democracies are often corrupted by power elites. 

We are, as Gordon Brown said as Prime Minister of the United Kingdom, “re-

duced to price tags” in our increasingly global economy, where we often make, 

sell, and buy plastic, purple penguins for the poolside. If we ask why we do this, 

part of the answer is that we do not know what else to do. Furthermore, we are 

disenchanted. We are, a billion of us, secular realists in a meaningless universe, 

to quote Stephen Weinberg’s famous dictum. We have lost our spirituality. But 

our physics-based worldview, if right for the abiotic universe, seems badly 

wrong for the living, evolving world, past the watershed of evolving life. We do 
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live in a world of cause and effect, but also unprestatable opportunities that 

emerge in an unprestatable, ever-growing and changing adjacent possible that 

we partially co-create, with and without intent. 

It really is true that, with no selection acting to do so, the newly evolved 

middle ear or swim bladder are new adjacent possible empty niches that alter the 

future possibilities of biological evolution. The worm or bacterium that is ena-

bled to evolve really is radically emergent. It really is true that the Turing ma-

chine enabled the mainframe computer whose wide sale created the market op-

portunity for the personal computer whose wide sale created the market 

opportunity for word processing and file sharing, whose wide use create a niche 

for the World Wide Web, whose creation generated an opportunity to sell things 

on the Web which created content on the Web, which created a market oppor-

tunity for browsers such as Google and Yahoo. Then Facebook came and the 

Arab Spring. None could have foreseen this. None intended this radically emer-

gent becoming, so similar to the radical emergence in the evolving biosphere. In 

both cases, with neither selection, nor intent, the evolving system creates, typi-

cally unprestatably, its own future possibilities. How much enchanting mystery 

do we want to be re-enchanted? Moreover, the Age of Reason assumed that we 

could come to know, that the world was solvable by reason. But if we often do 

not know what can happen, we cannot reason about it. Reason, the highest virtue 

of our Enlightenment, is an inadequate guide for living our lives. And top down 

decision making, as if we knew ahead of time the variables that would become 

relevant, then “optimize,” is often an illusion. We need to rethink how we make 

and live in our worlds. Then what if we ask whether current first world civiliza-

tion best serves our humanity, or do we largely serve it, price tags and all? I 

think we are lost in modernity, without a clear vision of what our real life is. 

Ralph Waldo Emerson is famous for “Emersonian Perfectionism,” by which 

is meant that we are born with a set of virtues, or strengths, and should devote 

our lives to perfecting them. But this Perfectionism seems static, like a European 

hotel breakfast room with all the food choices laid out. We have only to choose 

among our preset virtues and to perfect them. Emerson saw a life of ongoing 

self-affirmation. But this rather fixed world is not how real life is: we live a life 

of ever-unfolding, often unprestatable opportunities that we partially create and 

co-create, with and without intent. I am thus falling in love with “Living the 

Well Discovered Life.” Then my own dream for “Beyond Modernity” starts to 

become our thirty civilizations around the globe, woven gently together to pro-

tect the roots of each, yet firmly enough to generate ever new cultural forms by 

which we can be human in increasingly diverse, creative ways, each helping 

himself or herself and the other to live a well-discovered life, and ameliorating 

our deep shadow side. We need an enlarged vision of ourselves and of what we 

can become. 
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Introduction 

On a “Life-Blind Spot” in Neo-Darwinism’s 

Mechanistic Metaphysical Lens 
 

Adam C. Scarfe 

 
The question “What is Life?” is not often asked in biology, precisely because 

the machine metaphor already answers it: “Life is a machine.” Indeed, to sug-

gest otherwise is regarded as unscientific and viewed with the greatest hostility 

as an attempt to take biology back to metaphysics.1  —Robert Rosen 

 

An organized being is thus not a mere machine, . . . it has a self-propagating 

formative power, which cannot be explained through the capacity for move-

ment alone (that is, mechanism).2  —Immanuel Kant 

 

The task confronting biology as a science is to develop an entirely new projec-

tion of the objects of its inquiry. (Expressed from another point of view, which 

is not necessarily identical with what we have just said, the task today is to lib-

erate ourselves from the mechanistic conception of life).3  —Martin Heidegger 

 

 

Mechanism and the Modern Synthesis 
 

Any sampling of recent studies carried out in the biological sciences would re-

veal that a predominant aim of inquiries therein involves uncovering the mecha-

nisms that underpin the functioning of natural systems, that determine the physi-

ological, morphological, and behavioral functioning of organisms, as well as 

that govern their evolution.
4
 In addition, there is also a heavy demand for this 

sort of knowledge, perhaps, in part, due to the prospect of deriving technological 

applications to exploit these mechanisms, putatively in order to heighten human 

flourishing. Although there is a fair amount of literature focusing on the subject 

of the meaning of the concept of mechanism as it pertains to the biological 

field,
5
 in a good number of studies employing the term there is often little exam-
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ination into what exactly is meant by it, nor any discussion of why this concept 

is paramount.
 

Darwin’s success was that he discovered the chief efficient cause of evolu-

tionary change: natural selection, as well as several of its major subordinate ve-

hicles, namely, sexual selection, community selection, and artificial selection, 

although he was open to the notion that many other factors played a role in evo-

lutionary change. The work of Gregor Mendel (1822-1884) and of later popula-

tion geneticists (e.g., J. B. S. Haldane, Ronald A. Fisher, and Sewall Wright) 

served to shed light on the operations of genes and on the fundamentals concern-

ing heredity, cellular differentiation and specialization, the growth of organisms, 

and of speciation in our contemporary evolutionary epoch. Initially conceived 

by many to be incommensurable, these two discoveries were merged together in 

the 1930s and 1940s, constituting the two pillars of the “Modern Synthesis” that 

characterizes modern biology. Julian Huxley (1887-1975), Theodosius 

Dobzhansky (1900-1975), George Gaylord Simpson (1902-1984), and Ernst 

Mayr (1904-2005) were some of the main galvanizing figures behind the con-

sensus that was reached. As Mayr describes it, 

 
The term “evolutionary synthesis” was introduced by Julian Huxley in Evolu-

tion: The Modern Synthesis (1942) to designate the general acceptance of two 

conclusions: gradual evolution can be explained in terms of small genetic 

changes (“mutations”) and recombination, and the ordering of the variation by 

natural selection; and the observed evolutionary phenomena, particular 

macroevolutionary processes and speciation, can be explained in a manner that 

is consistent with the known genetic mechanisms.6 

 

The modern synthesis firmly established the foundations of modern biology as a 

fully independent science, even though it inherited many of its core principles 

from the “older sciences” like physics and chemistry. In the process of merging 

Darwin and Mendel, there was a general rejection of views “running counter” to 

these outlooks, such as those found in neo-Lamarckian, orthogenetic, vitalistic, 

and saltational theories, especially most theories or concepts that involved “met-

aphysical” principles, for example, internal drives, vital forces, purposes, ends, 

teleology, and final causality for which it was deemed that there was no empiri-

cal evidence. In so doing, among prominent biologists, the modern synthesis led 

to a “hardening”
7
 of perspective in terms of the importance of natural selection 

and of the laws of genetics as causal factors in explaining evolutionary change, 

such that they were considered its chief mechanisms, to the elimination of (e.g., 

Darwin’s) limited openness to other explanatory factors. As some scholars sug-

gest, the reconciliation and unification of Darwinian natural selection and 

Mendelian and population genetics also brought with it a “constrictive”
8
 and 

exclusionary reduction of evolutionary phenomena to explanation by way of 

these “mechanisms.” While the term “neo-Darwinism” existed long before the 

synthesis took place, and its meaning has been the subject of much debate and 
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change, evolutionary psychologists, historians, and philosophers of biology have 

more recently employed it to designate strict adherence to the core principles of 

the modern synthesis, in this “hardened” respect. 

It is clear that since the modern synthesis, biology has been powerfully 

served by the employment of the mechanistic lens with which to interpret na-

ture. Admittedly, a great number of its major developments have been initiated 

via reductionistic, mechanistically oriented research. At the same time, the em-

phasis on such a lens has not been without detractors. Criticism of the fact that 

the science that studies life has mechanistic underpinnings, as the title of this 

volume suggests and which provide the thematic “site” for most of the chapters 

in it, is nothing new.
9
 However, recent trends in what might loosely be called the 

“New Frontiers” of biology: Systems Biology (see chapters 1 and 3), Emergence 

Theory (see chapters 1, 2, and 7), Biosemiotics (see chapters 6 and 7), Niche 

Construction (see chapters 6, 8, and 11), Organic Selection (see chapters 11 and 

12), Epigenetics (see chapters 3, 15, and 16), as well as some of the other ave-

nues of research mentioned in this volume, may be said to call for further ques-

tioning of the mechanistic outlook that is generally assumed in the mainstream 

of biology. Some have claimed that the modern synthesis is “unfinished”
10

 or 

“incomplete,”
11

 while others have called for an “extended synthesis,”
12

 in which 

the traditional principles and assumptions of the modern synthesis are “revised,” 

“supplemented,” “softened,”
13

 and/or “relaxed,”
14

 so as to accommodate inquiry 

in novel directions and to assist the progress of biology. 

One of the chief criticisms of the employment of the mechanistic lens in bi-

ology is that it seemingly offers an inadequate analogy for what it studies: life. 

On the one hand, living organisms have been described, stipulatively, as finite, 

experiencing, suffering, dynamically enduring, auto-catalytic dissipative-
15

, self-

organizing-critical-
16

, self-creating (autopoietic)-
17

 systems, with permeable or 

semi-permeable boundary membranes.
18

 Living organisms valuate and selective-

ly appropriate elements and/or data
19

 from their surroundings (upon which they 

depend for existence), which are metabolized
20

 (physically, proto-mentally, 

and/or mentally), promoting internal processes of self-repair, self-renewal, dif-

ferentiation, reproduction, self-development, and/or growth. According to sys-

tems biologist Evelyn Keller (2007), a living organism has been defined as 

 
a bounded body capable not only of self-regulation, self-steering, but also, and 

perhaps most important, of self-formation and self-generation. An organism is a 

body which, by virtue of its peculiar and particular organization, is made into a 

“self” that, even though not hermetically sealed (or perhaps because it is not 

hermetically sealed), achieves autonomy and the capacity for self-generation.21 

 

But she asks us to further consider that “demarcating organisms in the real world 

[is] not always easy. Should we think of ant or termite colonies as organisms? 

Beehives? Coral communities? Humans too are social organisms—should the 

societies we form be regarded as organisms in and of themselves? Are they also 
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not ‘self-organizing’?”
22

 Some of these latter questions about what constitutes a 

singular organism are explored in chapter 10 of this volume. 

On the other hand, the concept of mechanism conjures up images of vehicle 

motors, factory machinery, grandfather clocks, and computers, with nuts, bolts, 

springs, hinges, gears, and circuits, as well as levers, knobs, dials, switches, 

and/or programs that determine and control the “sequentially ordered”
23

 func-

tioning of the component parts. As defined by William Bechtel and Adele Abra-

hamsen (2005), a mechanism “is a structure performing a function in virtue of 

its component parts, component operations, and their organization. The orches-

trated functioning of the mechanism is responsible for one or more phenome-

na.”
24

 A machine is, in general, a system that carries out prescribed functions on 

the basis of the interaction of preset internal mechanisms, which are the efficient 

causes involved in its operation. Unlike organisms, a great majority of machines 

that we know of have been designed, engineered, programmed, orchestrated, 

organized, and/or assembled from without—via the instigation of a human 

agent—for the sake of carrying out a closed loop of prescribed output functions 

(given specific inputs), usually that assist with the satisfaction or the perceived 

satisfaction of human ends. While machines can potentially be built by other 

machines and can potentially build new internal mechanisms for themselves, 

their origin can ultimately be traced back to design by an intelligent organism: 

one or more human agents (which, in the vast majority of known cases, is repre-

sentative of both their final and efficient causes). However, in contrast, an or-

ganism autonomously produces its own efficient causes inside of itself.
25

 As 

Keller suggests, “What separates organisms from machines is the fact that the 

organized complexity of the former, unlike the latter, arose and evolved 

spontaenously. Machines may be self-steering, but even after all these years of 

mechanical ingenuity, it remains the case that only organisms can be said to be 

self-organizing in [the Kantian] sense of the term.”
26

 

Of course, separating the organic from the mechanistic is not all so simple, 

and given the great advances made in cybernetics, robotics, artificial intelli-

gence, as well as those made in biology which have depended on the mechanis-

tic metaphor, our characterization of machines above will undoubtedly be la-

beled by some as involving a “straw machine” argument.
 
The metaphor of “the 

mechanical” admittedly overlaps in many respects with “the organismic,” and 

may be said to provide useful knowledge about life,
27

 and the attempt at distin-

guishing life from machinery pushes thinking to the limit.
 
Nevertheless, given 

the key differences that have been alluded to above, the organismic cannot be 

said to be fully reducible, without remainder, to the mechanical, and therefore, it 

ought to be concluded that the study of organisms, and of their functioning, can-

not fully depend on an analogy to the mechanical. After all, an analogy depends 

for its viability on the generalized meaning of a term, and not on special cases 

that technological advance might one day afford to us. In a parallel manner, a 

mechanistic method of analysis would seem to involve a selective focus on iden-

tifying the efficient causal powers acting on, and within, the phenomena being 
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studied. If the object of investigation is an organism, then to some extent, the 

mechanistic focus stands in conflict with what it studies. As such, we must ask 

why, today, the analogy of the mechanical seemingly dominates modern biolog-

ical discourse in relation to the meaning of life, and has been widely defended as 

the bulwark of rigorous, objective biology and/or as the very condition for the 

possibility of biological research in general.
28

 Neo-Darwinists suggest that the 

use of the mechanistic framework is necessary in that it curtails vitalistic and 

teleological views of life from entering into objective science, in so doing offer-

ing a “non-metaphysical” account of nature. However, this claim depends on 

what we mean by “metaphysics.”
 

 

 

Evolutionary Neo-Kantianism and the 

Nature of Metaphysics 
 

Conrad Hal Waddington (1905-1975) once wrote that when biologists are con-

fronted by metaphysical speculation, they “usually react as though they feel ob-

scurely uneasy,” although in his view, a biologist should recognize that his or 

her metaphysical assumptions “are not mere epiphenomena.” On the contrary, 

Waddington writes that they “have a definite and ascertainable influence on the 

work he [or she] produces” and that “metaphysical presuppositions may have a 

definite influence on the way in which scientific research proceeds.”
29

 Meta-

physics is not so simply to be deemed the science that is concerned with “reali-

ties beyond nature,” namely, a field associated with the type of explanatory 

“skyhooks”
30

 of the sort that Daniel Dennett is so critical of, as is commonly 

conceived. And it need not be construed as intrinsically onto-theological in 

character.
31

 Rather, the notion of metaphysics can be taken in an “evolutionary 

neo-Kantian”
32

 sense that is fully consistent with evolutionary biology. From 

this perspective, metaphysics can be considered as a field that has deep roots in 

evolutionary epistemology, comprising a critical exploration of the guiding ideas 

by which human beings render the world intelligible, such as substance, self, 

causality, teleology, and mechanism. From an evolutionary neo-Kantian per-

spective, these a priori concepts of the understanding are to be considered cate-

gories of thought that have been selected for over eons of evolutionary time, 

much like any other advantageous phenotypic trait. Here we must recall that for 

Immanuel Kant (1724-1804), the a priori concepts of the understanding that 

rational beings bring to the table of experience always concern objects of expe-

rience, rather than being divorceable from them, as is commonly conceived. 

According to Konrad Lorenz (1903-1989), the Kantian a priori categories 

can be construed as biologically “‘inherited working hypotheses’ [belonging to 

the very makeups of rational beings] which have shown their mettle in dealing 

with the physical world.”
33

 Such concepts are to be considered “indispensable”
34

 

habits of thought, i.e., “good [mental] tricks”
35

 that provide an advantage in the 
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struggle for existence. To be sure, David Hume (1711-1776) pointed to the no-

tion that the concept of causality qua necessary connection had no empirical 

warrant, due to the fact that the necessary connection that is implied between 

putative causes and putative effects, is not observable. At best, for Hume, the 

notion of causality designated an inductively-realized regularity of accompani-

ment between like As and Bs. That said, Hume agreed that causality qua neces-

sary connection is a metaphysical concept that is highly indispensable to human-

ity. For example, a keen sense of causality qua necessary connection provides 

clear advantages for problem solving, for setting and accomplishing goals, for 

knowing how to satisfy needs and desires, for predicting consequences, for 

warning others and heeding warnings about environmental dangers, and for liv-

ing a functional, successful life. On the contrary, if the concept of causality qua 

necessary connection were somehow jettisoned from our rational natures, there 

would be no reason not to throw oneself off of a balcony, or to pick up and drop 

a rock on one’s head, or to do things that would subject ourselves to harm or 

death. As Hume suggests, “All human life must perish, were [the skeptic of cau-

sality’s] principles universally and steadily to prevail.”
36

 With it, we consider the 

potential consequences of our actions, and we refrain from carrying out those 

that will put us at risk of harm or death, even in relation to new experiences, 

events, and environments, without having first seen a model. At the same time, 

an overdeveloped sense of causality might make us so risk averse such that we 

are unable to act in the world. In any event, the concept of causality, upon which 

the sciences as well as the category of mechanism depends, provides to us great 

survival value, even though, according to Hume, the “necessary connection” that 

is assumed between putative causes and putative effects is not present in percep-

tual experience. It is an extrapolation (of the highest degree) from what is ob-

servable. In Science and the Modern World (1925), process philosopher Alfred 

North Whitehead (1861-1947) noted the irony here by stating that while “some 

variant of Hume’s philosophy has generally prevailed among men of science,” 

science “has remained blandly indifferent to its refutation by Hume.”
37

 

The lacunae concerning causality qua necessary connection and induction, 

which had been pointed out by Hume, also applied to the notion of teleology. 

Kant attempted to address them in Critique of the Power of Judgment (1790). In 

a nutshell, we might ask ourselves: how do we know that tadpoles will grow into 

frogs, or that seeds have the potential to develop into plants? From an “average 

everyday” way of thinking, teleology in nature would seem to be a given. Chil-

dren are told that caterpillars will eventually turn into butterflies, that babies will 

grow into kids, and that if they just are persistent in striving for their life-goals, 

they will accomplish them. However, upon further investigation, there is no em-

pirical warrant for the necessary connection that teleological thinking posits 

between the potentialities and actualities involved, and no inductively realized 

regularity of accompaniment can guarantee the universality of the movement 

that is assumed. Nevertheless, the concept of teleology has been indispensable 

for human beings, as can be seen in the human ability to anticipate what organ-
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isms will be, or look like, in the future. And it is highly important in relation to 

pursuing life-sustaining activities like hunting and agriculture. One would not 

plant seeds if one did not believe that this act would yield a harvest, given favor-

able environmental conditions. Teleology has been a concept that has been se-

lected for due to its indispensability. It may be a simplification of our experience 

that cannot be easily jettisoned, notwithstanding the fact that the teleological 

view of evolution, importing final causality, ends, purposes, progress, unseen 

vitalistic forces, and deities into the explanatory framework, has, since Darwin’s 

time, been heavily criticized.
38

 From these considerations, given that the meta-

physical concept of mechanism seems indispensable for the natural sciences, but 

is dependent on the notion of efficient causality, and hence, is also subject to 

many of the same problems that Hume pointed out, we might ask whether main-

stream evolutionary biology has been selective in admitting it into its explanato-

ry framework while dismissing “common-sense” teleology.
39

 Is it appropriate to 

employ the term “teleology” in describing an organism’s process of self-

creation? This question is touched upon in section 5 of this book. 

At any rate, from an evolutionary neo-Kantian standpoint, such a priori 

concepts can be considered provisional products of human adaptation to the 

world and of evolution. One might speculate that such concepts have, in part, 

been “genetically assimilated” so to speak, namely, “fixed [in the character of 

the rational being] prior to individual experience” and “adapted to the external 

world for exactly the same reasons as the hoof of the horse is already adapted to 

the ground of the steppe before the horse is born and the fin of the fish is 

adapted to the water before the fin hatches.”
40

 Yet, at the same time, they may 

be considered to require “releasing events”
41

 for them to be realized by the or-

ganism, rather than being Platonically innate in us. From an evolutionary point 

of view, we could speculate that such ideas are not assimilated equally in the 

natures of all human beings, that they can emerge as a result of processes of 

development and of intellectual and/or psychosocial selection, and that they con-

tinue to be subject to such processes, being refined, critiqued, and thrown crea-

tively into fresh combinations. Such a position holds the door open for rational 

beings to be plastic and versatile in relation to their conceptual frameworks, so 

that they can adapt to the exigencies of changing environmental conditions and 

of world events, rather than putting all our eggs in fixed habits of thought uncrit-

ically deemed to be “rigorous.”
 

So, based on the discussion of the evolutionary neo-Kantian perspective 

outlined above, metaphysics is not somehow divorceable from biology, since 

metaphysical concepts and frameworks are adaptive products of human evolu-

tion relating to survivability. Although it may be “irksome”
42

 for many biolo-

gists to “do metaphysics,” metaphysics simply cannot be escaped. We cannot 

somehow step outside of ourselves to experience the world in some purer way, 

or to render it intelligible without the employment of some set of concepts, if, of 

course, we are to be functional and/or to survive in it. Nor is it possible to em-

brace metaphysical nihilism. Even if it were possible to embrace a purely de-
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scriptive phenomenological approach in biological inquiry (e.g., of a “to the 

organisms themselves!”
43

 variety), having basic metaphysical presuppositions 

will be unavoidable, even without reference to the fact that all language systems 

(which render scientific explanation possible) have metaphysical foundations. 

Since metaphysics cannot be avoided, it is important to take up the task of mak-

ing logically coherent and adequate metaphysical frameworks explicit, and/or at 

least (since metaphysical construction is a fallible endeavor) to adopt a multi-

perspectival outlook that offers a balance between several competing ones, so as 

not to be given over to a single inadequate set of ideas, held dogmatically. 

Due to its indispensability as a ratiocinative tool, the mechanistic metaphys-

ical framework, that has been in vogue in biology at least since the modern syn-

thesis, has obviously been selected for in the past. But there is no reason why we 

cannot attempt to challenge its adequacy now, and to begin to think about nature 

and life in a different way, if, for example, it is impeding a fuller understanding 

of nature and/or if it is contributing to global problems that may present chal-

lenges to human survival and well-being because of the abstractions it creates. 

After all, from the point of view of evolutionary biology, is that not what most 

academic, scholarly, and scientific criticism and debate is all about—the attempt 

to grasp ever more adequate concepts and frameworks that can serve as lenses 

through which the human organism may interpret the world, so as to heighten its 

understanding of, and further its adaptation to, it? It would seem that, from an 

evolutionary point of view, the chief reason for learning and education (and the 

purpose of schools and universities) is to facilitate our engagement in processes 

of “psycho-social” or “intellectual” selection in which ideas are appropriated, 

criticized, judged, modified, defended, and synthesized, with the hope of achiev-

ing “breakthroughs to new dominant patterns of organization,”
44

 as Julian Hux-

ley articulated. 

Alfred North Whitehead, who defined metaphysics as “the science which 

seeks to discover the general ideas which are indispensably relevant to the anal-

ysis of everything that happens”
45

 once wrote in Adventures of Ideas (1933) that 

“no science can be more secure than the unconscious metaphysics which tacitly 

it presupposes,”
46

 a primary target of his criticism being the mechanistic as-

sumptions embedded in modern biology. Whitehead warned against the 

“canaliz[ation of] thought and observation within predetermined limits, based 

upon inadequate metaphysical assumptions dogmatically assumed.”
47

 As such, 

through processes of intellectual selection, the concepts belonging to the mecha-

nistic framework are indeed de-centerable, alterable, refinable, and/or replacea-

ble, of course, if there is good reason to do so—in the same way as the concepts 

belonging to the teleological account of nature have been scrutinized. Moreover, 

systems biologists have recently called on philosophy to provide foundational 

concepts in order to assist with the task of studying “living organisms as 

wholes” and of “what life is.”
48

 At any rate, in order to better situate ourselves in 

relation to the origin of the mechanistic philosophy, we turn now to an elucida-
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tion of some of its main tenets, according to one of its chief founders, René Des-

cartes (1596-1650).
 

 

 

Descartes’ Mechanistic Metaphysics 
 

René Descartes, a father of the scientific method, was, along with Galileo (1594-

1642), Robert Boyle (1627-1691), and others, one of the original advocates of 

the mechanistic metaphysic that was inherited by biology from physics in the 

late nineteenth and the early twentieth centuries. Inspired by the invention of 

many mechanical devices by human industry during his time, the basis of his 

method of inquiry was to consider the entire universe “as if it were a machine.”
49

 

In expressing the sheer explanatory power of the mechanistic analogy he em-

ployed, Descartes wrote “there is nothing in the whole of nature [other than 

thought and mind] . . . which is incapable of being deductively explained on the 

basis of [the] principles” pertaining to “the shape, size, position and motion of 

particles of matter.”
50 

With the use of this metaphor, all change in the universe 

could be reduced to rearrangements of particles of matter subject to a set of me-

chanical rules. Descartes thought that if human beings could discover these me-

chanical rules (which amounted to the laws of nature),
51

 then they could “render 

[them]selves the lords and possessors of nature . . . enabled to enjoy without any 

trouble the fruits of the earth, and all its comforts, but also and especially [the 

ability to] preserv[e] health, which is without doubt, of all the blessings of this 

life, the first and fundamental one.”
52

 

In Treatise on Man (1633), Discourse on the Method of Rightly Conducting 

One’s Reason and on Seeking Truth in the Sciences (1637), and elsewhere, Des-

cartes further demonstrated the explanatory power of the mechanistic framework 

by providing a reductionistic account of a variety of human and non-human 

physiological functions and activities. The functioning of an organism’s auto-

nomic nervous system, such as heartbeat and respiration, was deemed explaina-

ble as “‘push and pull’ operations—operations not in principle any different 

from the simple workings of cogs and levers and pumps and whirlpools.”
53

 Fur-

thermore, he thought that a great number of human psychological functions like 

memory, perception, dreaming, and many internal sensations could be similarly 

understood. However, ultimately, because of the indefinite range of responses to 

the exigencies of life that the mind affords to human beings through its capacity 

for reasoning, Descartes differentiated the human mind from, and privileged it 

over, material things.
54

 By way of their reasoning powers, human beings could 

discover the chief efficient causes responsible for the operations of nature, and 

then manipulate these mechanical levers, hinges, and switches, for their own 

benefit. 

From these considerations, Descartes divided the world into two basic types 

of things: (1) extended, physical, material substances (res extensa, i.e., indefi-
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nitely divisible things, having length, breadth, depth, thereby not only being 

spatial but constituting space); and (2) thinking, cogitating substances (res 

cogitans, i.e., indivisible things not having length, breath, and depth). Unlike 

many other strong advocates of materialism, like Isaac Newton (1642-1727), 

who believed that atoms represented irreducible, eternal, “solid, hard, massy, 

impenetrable, moveable particles” that were impervious to “wear” or to 

“break[ing] in pieces”
55

 of which substances were compounded, Descartes re-

mained consistent with his dualism, and did not believe that such fundamental 

units existed. Rather, he thought that any minute particle would also be divisi-

ble.
56

 Working with, but obscuring Aristotelian renderings in which substances 

were seen as dynamic entities, Descartes defined the notion of a substance gen-

erally as “a thing which exists in such a way as to depend on no other thing for 

its existence.”
57

 However, what Descartes really meant, at least in his formal 

writings, was that substances had a degree of independent existence, God (the 

Prime Mover), as he indicated outwardly, being the only truly independent Enti-

ty. 

Interpreting organisms through the lens of his metaphysical distinction be-

tween extended substances and thinking substances, Descartes concluded that 

animals were devoid of the thinking substance. For him, animals were “nothing 

other than mechanized, and wholly non-conscious, extended substances.”
58

 

While in some of his later letters, Descartes wrote of animals expressing feelings 

such as joy, fear, and hope, seemingly implying that they had a degree of men-

tality, in his formal writings, Descartes interpreted the behaviors of animals ba-

sically as stimulus-responses stemming from the external movements of matter 

acting on them. He wrote that animals “have no intelligence at all, and . . . it is 

[mechanical] nature which acts in them according to the disposition of their or-

gans.”
59

 Non-human organisms were, for Descartes, to be considered mindless 

machines or automatons, entirely conditioned in their operation by external ma-

terial forces acting upon them. 

In relation to human beings, for Descartes, the human body was to be con-

sidered a machine that was “inhabited” by a mind.
60

 Yet, Descartes did not re-

solve how mind and body were interconnected, although he did state that they 

were “closely conjoined.”
61

 Only later in his life did he entertain an 

interactionist standpoint in relation to the mind-body problem. Interestingly 

enough, he deployed the machine analogy in describing the difference between 

the body of a living person and a dead one, stating, 

 
and let us recognize that the difference between the body of a living man and 

that of a dead man is just like the difference between, on the one hand, a watch 

or other automaton (that is, a self-moving machine) when it is wound up and 

contains in itself the corporeal principle of the movements for which it is de-

signed, together with everything else required for its operation; and, on the oth-

er hand, the same watch or machine when it is broken and the principle of its 

movement ceases to be active.62 
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The healthy body-machine was one in which the organs-parts successfully car-

ried out their designed function, whereas the unhealthy body-machine was one 

that was corrupted, such that it was unable to carry out its functions. On this 

view, a doctor could be construed as a “mechanic of the body,” fixing the body’s 

internal dysfunctions, ensuring its proper operation (without reference to exter-

nal nature). Indeed, in 1646, after reading Descartes’ Discourse, Dutch physi-

cian Cornelis van Hogelande (1590-1676) proclaimed that “all bodies, however 

they act, are to be viewed as machines, and their actions and effects . . . are to be 

explained only according to mechanical laws.”
63

 In his formal philosophical 

works, Descartes maintained that minds and bodies were designed and con-

trolled by God in their motion (being their final cause), the universe being a gi-

ant machine created by the Divine Mind. Much later, in Natural Theology 

(1802), William Paley (1743-1805) offered up the design argument for the exist-

ence of God, based on the nature-as-machine metaphor, which has more recently 

been critiqued by Dawkins in The Blind Watchmaker (1986).
64 

 

 

Cartesian Reductionism versus 

Holism and Emergentism 
 

The apparent opposition between reductionism and holism is one of the chief 

issues in the search for novel research methods in contemporary systems biolog-

ical research. On the one hand, while there are many different forms of reduc-

tionism, reductionism is exemplified by Descartes’ strategy of interpreting the 

world as nothing but a machine (although one could equally carry out an ex-

planatory “reduction” to something else).
65

 Undoubtedly, reductionist methods 

have provided the biological sciences with an indispensable and “powerful re-

search methodology, a clear epistemological guiding principle for acquiring 

knowledge, an effective strategy for judging the quality of manuscripts and grant 

applications and a consistent view of the world.”
66

 However, on the other hand, 

holism is a philosophical standpoint that seeks to recognize the limits of reduc-

tionism. It involves a focus on the notion that nature is a complex interdependent 

system, which, to some extent, resists being fully explained by reductionist 

methods of the “x is nothing but y” sort. As Julian Huxley states, “We must be-

ware of reductionism. It is hardly ever true that something is ‘nothing but’ some-

thing else.”
67 

To illustrate the contrast between reductionism and holism, one of the chief 

principles Descartes identified “for the direction of our native intelligence” (i.e., 

“for the direction of our minds scientifically”) is stated as follows: “Rule Thir-

teen: if we [are to] perfectly understand a problem we must abstract it from eve-

ry superfluous conception, reduce it to its simplest terms and, by means of an 

enumeration, divide it up into the smallest possible parts.”
68

 In other words, we 
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ought, first, to narrow our focus and to delimit the phenomena to be explained in 

terms of local region in space and time. We should partition it off from its total 

environment, and exclude a consideration of “extraneous factors,” namely, those 

factors outside of its boundaries. Quite crudely, on this reductionist view, if we 

want to understand the functioning of an organism, a “precise analysis” will 

involve taking it out of its ecological context, rendering it into a corpse, slicing it 

open, and dissecting it, revealing the workings of its internal mechanical struc-

ture. 

On the contrary, in confronting this first aspect of the reductionist method, a 

holist would suggest that one creates abstractions in understanding when one 

omits a consideration of the ecological context within which the organism lives. 

Accordingly, contemporary systems biologist Jan-Hendrik Hofmeyr states that 

“nothing in an organism makes sense except in the light of context . . . always 

taking context into account amounts to using a ‘macroscope’,” that prevents the 

“interacting elements that form an integrated whole”
69

 from being excluded in 

the explanation. Furthermore, in examining a dead body, a holist would point 

out that one is not examining a living organism. Hans Jonas (1903-1993) pointed 

to the notion that such reductionistic thinking is “under the ontological domi-

nance of death.”
70

 And, from the holistic perspective, as opposed to mechanistic 

reductionism, the fact that organisms are finite, physical creatures that are sub-

ject to the conditioning influences of their environment, does not mean that they 

are simply reducible to machines. 

The second task Descartes is prescribing in Rule Thirteen is that phenomena 

and/or complex problems are to be broken up, or decomposed, into smaller, 

more manageable, more basic, parts for the sake of analysis. The assumption 

here is that “all apparent ‘wholes’ are in principle reducible to their parts,”
71

 and 

that in “finding the parts that construct the whole, we [can] explain everything 

about the whole, including how the whole functions.”
72

 On this view, for exam-

ple, everything about a multicellular organism can be explained through an ex-

amination of the various specialized cells, and perhaps an exploration of their 

various relations. However, from a holistic perspective, one problem here is that 

multicellular organisms are not merely conglomerations of specialized cells 

working together, but they also have what some holists call “emergent proper-

ties”—they have meta-cellular functions. For example, the heart’s pumping of 

blood, which circulates oxygen and nutrients to the whole body, is not simply 

explainable by examining the cells making up the heart, for organs are integral 

wholes that carry out their functions only on the basis of this integrity. The func-

tion of pumping blood is not entailed merely by having heart cells, or by having 

half of a heart. Furthermore, at the “higher level” the organism engages in ac-

tivities, behaviors, and ways of being that are meta-cellular, such as hunting, 

using tools, reading a book, attending to another organism, being in love, con-

structing a 747 airplane, or consciousness in general. While the functioning of 

the cells and organs enables the organism to carry out such activities and there 

are definite biological repercussions for the cells and organs as a result of the 
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organism carrying them out, these meta-cellular functions cannot simply be ex-

plained by way of a focus on the operation of the cells. Accordingly, Julian Hux-

ley states that “an organization is always more than the mere sum of its ele-

ments, and must be studied as a unitary whole as well as analysed into its 

component parts.”
73 

This form of holistic thinking is highlighted by emergentism, a mode of 

thought championed by figures such as Conway Lloyd Morgan (1852-1936) and 

Samuel Alexander (1859-1938). (See chapters 1, 2, and 7 of this volume for a 

discussion of Emergence). In Emergent Evolution (1927), Morgan characterized 

the emergence perspective as a “protest against . . . an uncritical acceptance of 

what is sometimes spoken of as ‘the mechanistic dogma’,” in which life is inter-

preted merely “in terms of physics and chemistry.”
74

 Emergentism involves the 

notion that complex “higher order” systems arise out of the confluence of lower-

order conditions, each layer of the natural world emerging out of the set of rela-

tions belonging to the previous, “lower” one. While the confluence of the “lower 

order” developments provides the conditions that make it possible for the “high-

er order” complexities to emerge, the “higher order” systems are distinctively 

novel in that they contain “supervenient” or “emergent properties” that make 

them something more than just the sum of their constituent “lower order” parts. 

While Morgan employed the terms “higher” and “lower” in a figurative way 

(i.e., they do not mean “better” and “worse” respectively), he charged that the 

“mechanistic interpretation” of the reductionist variety generally “ignores the 

something more that must be accepted as emergent.”
75

 Alexander described the 

idea in Space, Time, and Deity (1920), “The higher quality emerges from the 

lower level of existence and has its roots therein, but it emerges therefrom, and it 

does not belong to that level, but constitutes its possessor a new order of existent 

with its special laws of behavior.”
76

 Emergentists also focus on the possibility of 

supervenient properties, in turn, interacting with the “lower level” parts (i.e., 

“downward causation”), as is hypothesized, for example, in the theory of Organ-

ic Selection (i.e., the “Baldwin Effect”), which maintains that changes in terms 

of an organism’s behavior, or dominant structures of activity, can instigate mor-

phological evolution (see chapters 11 and 12 of this volume). 

Some holists see evolution as a gradual emergence in which preceding 

forms of life of “lower complexity” provide the conditions for the possibility of 

succeeding ones of “higher complexity” (with reference to extinction events, of 

course) as can be seen in the progression and great fan out of life from prokary-

otes to eukaryotes to multicellular organisms to plants, animals, to insects, rep-

tiles, birds, and mammals over the last 3.8 billion years. Accordingly, for exam-

ple, as Stephen Jay Gould (1941-2002) speculated, the survival of Pikaia 

gracilens, a primitive Pre-Cambrian chordate, through the Burgess Decimation, 

may have provided an evolutionary opportunity for a “chordate future,”
77

 estab-

lishing the conditions for the possibility of vertebrates, including human beings. 

A third aspect of reductionism involves the notion that one domain of in-

quiry or science “reduces” to a more “fundamental” one. For example, the hu-
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manities and the social sciences are said to be reducible to biology, since the 

phenomena that are studied in economics, ethics, psychology, and education are 

deemed ultimately to be a function of biological processes, such as human or-

ganisms finding ecological niches to exploit as well as heightening their inclu-

sive fitness and the prospects of reproductive success. At the same time, biology 

is said to fully reduce to chemistry in that organisms are biochemically com-

posed (for instance, that psychological stress is explainable as a cortisol imbal-

ance in the brain). In turn, chemistry is said to fully reduce to physics, since the 

chemical is a function of the material. In this way, explanatory reductionism 

holds that the phenomena that are studied by the disciplines at the top of the 

hierarchy are ultimately explainable by the ones at the “base” of the order of 

nature. As Daniel Dennett suggests, “After all, societies are composed of human 

beings, who, as mammals, must fall under the principles of biology that cover all 

mammals. Mammals, in turn, are composed of molecules, which must obey the 

laws of chemistry, which in turn must answer to the regularities of the underly-

ing physics.”
78

 

Holists employ a similar reasoning to that mentioned above regarding 

emergent properties in offsetting this form of explanatory reductionism—while 

emergent properties on the “higher rungs” are enabled by what has transpired on 

the “lower rungs” of the totem pole of knowledge (i.e., the “lower” in general 

providing the conditions for the possibility of the “higher”), they are not fully 

explainable, without remainder, through them. To be sure, as several systems 

biologists point out, “although molecules constitute living systems, they are by 

themselves not alive. No matter how thin the dividing line is, there is a qualita-

tive jump between a living and a nonliving system.”
79

 Considering that biology, 

in general, occupies an intermediary level in this hierarchy, it is obviously of 

great explanatory advantage to be skillful at identifying connections upward and 

connections downward. And one might also hold open the possibility that phys-

ics could be “revived by the infusion of life” in biology.
80 

In the next sections of 

this chapter, I work toward emphasizing that a phase of holistic reflection ought 

to accompany biological research.
 

 

 

Mechanism, Technology, and a “Life-Blind Spot” 
 

The full thrust of mechanistic thinking of the reductionist variety (i.e., that 

which reduces nature and living organisms to machines) does not stop at the 

scientific explanation of natural phenomena. Research that is based in the mech-

anistic framework is, in many cases, given over to technical-rational thinking 

and motivated by the prospects of the technological and biotechnological appli-

cations it seemingly secures. By uncovering the set of mechanisms that are 

deemed to underlie natural phenomena, it is entailed that such mechanisms are 

there to be manipulated, i.e., set up in advance in order to bring about a prede-
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termined result.
81

 In other words, the mechanistic lens presents nature as a series 

of levers, switches, and dials that are at-the-ready for instrumental manipulation 

through technological and/or biotechnological applications. In that mechanistic 

explanations are a necessary condition for the heightening of human power and 

control over the natural world by way of the technological and biotechnological 

applications they enable, the mechanistic metaphysical framework is deemed to 

be indispensable to human existence. However, today, the mechanistic frame-

work is marred by its contribution to ecological dysfunctions that pose threats to 

the well-being, the survival, and the evolutionary futures of contemporaneous 

life-forms on this planet. 

As bio- and environmental- ethicists who are concerned for the integrity of 

ecosystems as well as for the humane treatment of non-human organisms, the 

editors of this volume believe that there are drastic consequences for most life-

forms on this planet, including ourselves, if we do not de-emphasize the mecha-

nistic framework, and at the very least, cultivate the value of an engagement in a 

phase of holistic reflection in scientific research that lays bare the abstractions 

which are created by mechanistically oriented research. There is a “blind spot” 

in our understanding of the natural world when looked at solely through the 

mechanistic lens. And it is largely because of this “blind spot” that human be-

ings continue to develop and employ technologies that may seem to heighten 

their power, render their lives easier, and improve their well-being in the short 

term, but which unwittingly do substantial harm to the biosphere’s life-support 

systems and/or to the diverse life-forms which help to compose it. To be sure, on 

the basis of mechanistically oriented research of the reductionist variety, which 

views living creatures as machines (without remainder) and hence, there to be 

manipulated, human beings, often driven by commercial interests, have sought 

to maximize their control over the natural world by way of the genetic, physio-

logical, and behavioral manipulation of organisms. 

In many cases involving experimentation on non-human animals, such ma-

nipulations (1) fail to respect living creatures as integral wholes with intrinsic 

worth, (2) inflict suffering and death on them, (3) cause ill health, and (4) decide 

the evolutionary destinies of the organisms involved. The selective cloning of 

domesticated animals is deemed to provide great benefits for commercial agri-

culture. However, it has a low success rate, and produces many organisms with 

abnormalities and increased susceptibility to pathogens and diseases, phenome-

na which are likely to be, in part, due to the fact that the chromatin modifica-

tions that occur through epigenetic reprogramming in normal embryonic devel-

opment do not take place in Somatic Cell Nuclear Transfer.
82 

The 

biotechnologist who is peering through the lens of the microscope, and using a 

pipette to slurp out nuclear material of an embryo in order to replace it with that 

derived from a somatic cell, is, most probably, at that moment, indifferent to the 

long-term consequences for the organisms involved and for the long-term hered-

itary effects of the procedure. 
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Given the fact that, as holists claim, nature is a complex interdependent sys-

tem, many technological and biotechnological manipulations also risk scattering 

“unintended,” “unexpected,” “unpredicted,” or “non-targeted” effects. For ex-

ample, the development, deployment, and commercialization of genetically 

modified crops for the purpose of rendering them more resistant to herbicides 

and pesticides, have had unintended effects on the host organism, and have un-

expectedly cross-pollinated with non-GM strains.
83

 Systemic pesticides and 

GMOs are also a chief suspect in relation to the unintended collapse of insect 

populations, such as honeybee colonies, on which we depend for pollination.
84

 

And there are well-reasoned concerns about the unintended health hazards that 

GM foods pose.
85

 Moreover, farmed salmon and GM salmon (which are crosses 

of ocean pout and salmon), shedding viral particles into wild habitats, have re-

cently been linked to the contraction of infectious salmon anemia and sea lice in 

wild populations.
86

 Another case is presented at length in chapter 16 of this 

book. It explores some of the ethical issues and the potential human health dan-

gers in terms of the potential “non-targeted effects” that may be produced as a 

result of the use of epigenetic drugs, in view of the mechanistic understanding of 

the epigenome that is being emphasized in biological research today. In this 

light, the ecological degradation being perpetuated by the continual, indefinite 

scattering of “non-targeted” effects throughout the biosphere, as a result of the 

employment of technologies and biotechnologies that originate directly from 

mechanistically-oriented biological research of the reductionist variety, pro-

vides proof of the fact that the mechanistic lens has a great blind spot in terms of 

its ability to provide a comprehensive understanding of organic nature. 

Mechanistically oriented researchers in whom this metaphysic is very deep-

ly entrenched may respond to the above claim by suggesting that all we need to 

do in these instances is to continue to inquire and to discover the mechanisms 

behind such unintended effects in order to “fix” them, without having to reflect 

on the adequacy of the mechanistic metaphysic to provide a comprehensive un-

derstanding of life. They may claim that the creation of these problems only 

represents the current limitations of the technology in question and that we can 

expect that, with time and progress, such problems will inevitably be resolved 

and/or overcome. They may think that if we somehow create an “error” in ma-

nipulating the mechanisms controlling the operations of the natural world, then 

through human technological-rational ingenuity, it will be assumed that we can 

just “pull a different lever” or “flip a different switch” in order to “fix” that er-

ror. To be sure, the current emphasis on, and heavy financial investment in “geo-

engineering projects”
87

 in the hopes of mitigating global warming and climate 

change (e.g., pumping sulfur dioxide into the atmosphere to reflect more of the 

sun’s radiation back into space; or “iron fertilization” involving dumping iron 

into the oceans so as to stimulate the growth of phytoplankton and other organ-

isms that remove carbon dioxide from the atmosphere), instead of placing em-

phasis on education to promote lifestyle changes that will reduce greenhouse gas 

emissions at the outset, are a stark case in point. 
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The lesson, according to holists, is that we need to realize the profound im-

plications of the fact that the complex interdependent system that is nature is not 

just comprised by a network of efficient causal mechanisms that can be manipu-

lated without ecological consequences. The message of the holists is that, rather 

than merely amassing “biological knowledge” which will lead to ever-increasing 

“technological control of nature,” we ought to cultivate what Conrad Hal Wad-

dington called “biological wisdom.”
88

 Accordingly, Craig Holdrege of the Na-

ture Institute says,  

 
To ask, “Do we understand what we are doing?” is not merely to ask whether, 

in some narrow sense, we understand the genetic “mechanisms” involved. Ra-

ther: Do we truly fathom the consequences of our actions? We are producing 

hereditary alterations in organisms, with all their consequences for the life of 

the organism itself and its environment, and the array of unintended effects can 

alert us to the far-reaching impact we are having on life. . . .89 

 

There is a life-blind spot in the mechanistic lens of the reductionist sort. It is not 

just that there are “many more mechanical moving parts” to nature that need to 

be taken into account. Rather, nature itself is not divided up into the substanc-

es—the putative efficient causes and their effects—that we tend to assume it is 

both in our thinking and in our language. In that nature is a complex interde-

pendent system in which biological processes permeate all physical barriers 

erected and conceptually posited boundaries, the non-targeted “effects” of our 

technological manipulations are indefinitely scattered throughout nature, in the 

interstices between our conceptually posited “substantial objects.” 

All of this is not to place blame on biology, biologists, biotechnologists, 

scientists, or engineers, for creating or contributing to ecological problems. Ra-

ther, the intent of this analysis is to shed light on the relation between our meta-

physical and epistemological commitments—comprising the ways in which we 

interpret the natural world and see our place in it—and the perpetuation of an-

thropogenic ecological problems, which are everyone’s fault and everyone’s 

problem to deal with. Furthermore, in so far as metaphysics is the domain of 

philosophy, it is largely a failure of philosophy that it has not done more to pro-

vide the natural sciences with more adequate conceptual frameworks with which 

to study life. Philosophy of biology as a coherent discipline has only existed for 

about forty years, and both of the major traditions of philosophy in the twentieth 

century—Analytic and Continental—largely repudiated the construction of met-

aphysical schemes. Two exceptions were Alfred North Whitehead’s process-

relational philosophy of organism, which provided much of the conceptual 

ground for Conrad Hal Waddington’s researches
90

 (as are alluded to in chapters 

15 and 16 of this volume) and Justus Buchler’s (1914-1991) metaphysics of 

natural complexes, both of which are referred to in the various chapters in this 

volume. (For a substantive treatment of the latter, see chapter 5). The editors of 

this volume do not think that these metaphysical systems provide, in and of 
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themselves, complete solutions to the problems posed by the mechanistic under-

standing, but they perhaps provide good starts, and models for what may cur-

rently be needed. That said, one of the chief factors that “led to the diminution 

of Waddington’s stature” alongside his neo-Darwinist colleagues, such as Ernst 

Mayr, was his support for Whiteheadian process-relational metaphysics, since 

they simply “denied the relevance of their own implicit metaphysical commit-

ments to their scientific theories.”
91

 Waddington had also maintained that “the 

depletion of natural resources, hazardous pollution, and other threats to human 

flourishing could be found . . . in the pervasive worldview—extrinsic to evolu-

tion, but intrinsic to neo-Darwinism—that ‘everything is molecules and nothing 

but molecules’.”
92 

The heuristic analogy of mechanism and the language of mechanism will 

probably be central in biology for the foreseeable future, and it is indispensable 

in that it perhaps enables biology to do its work most “easily.” At the same time, 

alone, it creates abstractions which frame a worldview that is geared toward 

technical-rationality, without considering consequences for the biosphere as a 

whole. There is a “blind spot” in mechanistic analyses of the reductionist sort, 

when a phase of holistic reflection in scientific research is not engaged (some-

thing which has very little cost, if any, to undertake). Given the potentially dras-

tic consequences of environmental problems today, it is in our interest to be 

plastic in respect to our metaphysical frameworks through which we interpret 

the world, rather than employing the mechanistic one as a fixed habit. The 

whole point of this introduction is to argue that we ought to include a phase of 

holistic reflection in biological research, whereby the abstractions in understand-

ing created as a result of our heuristic metaphors are laid bare. In order to culti-

vate a holistic, organicist perspective more fully, I turn now to an elucidation of 

some aspects of Alfred North Whitehead’s process-relational philosophy. 

 

 

Whitehead’s Process-Relational Metaphysics 
 

Process-relational philosopher, Alfred North Whitehead, was inspired by the 

work of emergence theorists, Alexander and Lloyd Morgan,
93

 which provided a 

model for his central notion of “concrescence,” or the “growing together of ac-

tual occasions,” by which “the many become one, and are increased by one”
94

 

(representing their “supervenient properties”). Whitehead also sought to provide 

a criticism of the dominance of the mechanistic framework in the biological 

sciences. He wrote that while “final causality” had been “wildly overstress[ed]” 

in the Middle Ages, “efficient causality” was being “correlatively over-

stress[ed]” in the modern scientific period, as exemplified by the dominance of 

the mechanistic framework.
95

 While Whitehead thought that it was a very “baf-

fling”
96

 task to fully grasp the nature of life, in essence, it was a “category mis-

take”
97

 for biologists to employ the analogy of mechanism in a reductionist or 
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“nothing-but” way in order to explain natural phenomena. He also wrote that the 

mechanistic lens of the reductionist variety confined “nature under an abstrac-

tion in which all reference to life [is] suppressed.”
98

 Rather, for him, biology 

should seek to guide its researches and to express itself with reference to catego-

ries more “proper to the organism”
99

 itself. 

In his philosophical writings, Whitehead attempted to articulate what the 

mechanistic metaphysic is lacking in its description of organic nature: it wrongly 

postulates that the fundamental entities of the world are “static,” “simply locat-

ed,” and defined by their external relations, rather than being considered 

“processual” and internally related
100

 to one another. For him, 

 
A thoroughgoing evolutionary philosophy is inconsistent with materialism. The 

aboriginal stuff, or material, from which a materialistic philosophy starts, is in-

capable of evolution. This material is in itself the ultimate substance. Evolution, 

on the materialistic theory, is reduced to the rôle of being another word for the 

description of the changes of the external relations between portions of mat-

ter.101 

 

According to Whitehead, the mechanistic model wrongly presupposes that the 

natural world is composed of material substances, which are deemed to be the 

only “real” things. These material substances are considered to be static, self-

sufficient, self-enclosed, namely, dependent on themselves for their existence à 

la Descartes. In addition, it is assumed in the mechanistic framework that the 

spatio-temporal position of any of these material substances can be determined 

without reference to their relations to other entities occupying other regions of 

space and to other durations of time. On this view, the entities can be adequately 

“described without reference to the goings on in any other region of space,”
102

 

which may provide some insight into the reasons why “non-targeted effects” are 

scattered by technological applications stemming from the mechanistically ori-

ented research, as mentioned in the previous section. For Whitehead, the as-

sumptions that the entities composing the natural world are “simply located,” 

that is, able to be adequately defined at an instant (i.e., devoid of reference to 

their temporal character), to the elimination of their relations with other entities, 

and in a disembodied way (i.e., without reference to a percipient), point to what 

is chiefly problematic with the mechanistic model of the reductionist variety. 

To better illustrate the contrast between external and internal relations, in 

respect to ordinary conceptions of causality it is assumed that one material sub-

stance acts on another in producing its effect. Here, the one substance is consid-

ered to be external to, or separate from, the other, leaving the percipient, David 

Hume, with no impression of a necessary connection between the putative cause 

and the putative effect. However, Whitehead’s criticism involves pointing out 

that causal interactions are reciprocal (the putative cause, in turn, is affected by 

the substance acted), and that, in truth, the two substances are primitively inter-

related, since, as a continuum of extension, there are no real boundaries in the 
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natural world (not that Whitehead would be satisfied with the metaphysical con-

cept of substances to begin with). That is to say, there is equally no impression 

of a necessary separation or division between them. They are internally related 

in the context of the causal event. Kant makes a very similar point in the Prole-

gomena to Any Future Metaphysics in attempting to deal with Hume’s skepti-

cism of causality qua necessary connection.
103

 And while the data that we per-

ceive do, to a certain extent, lend themselves to be conceptually divided in the 

manner that is assumed in the mechanistic way of thinking, i.e., into externally 

related material substances, Whitehead warns that science must recognize the 

abstractions that are implicit in this mode of objectification. 

Consider the nature of power. Power is vacuous unless there is something or 

someone that the entity that is deemed “powerful” has sway over. The concept 

of power requires a reference to relationality. As such, interpreting power mere-

ly in terms of how much an entity exhibits itself as a self-sufficient substance, as 

we may typically do under the mechanistic rubric, is logically incoherent. 

Whitehead not only offered a critique of the mechanistic philosophy, but he 

constructed an alternative metaphysical scheme in which “the order of nature is 

bound up with the concept of nature as the locus of organisms in process of de-

velopment.”
104

 Defending a position of “organic realism,”
105

 Whitehead dis-

pensed with Descartes’ substance-ontological view of the natural world, and 

redefined the basic units out of which it was composed. He employed the con-

cept of “events” or “actual occasions” in order to better reflect the organic, rela-

tional, temporal, processual, and emergent characteristics of the entities therein. 

Actual occasions were, for him, evolving “drops of experience, complex and 

interdependent”
106

 that are reciprocally interactive and, in part, constituted by 

their relations with other entities. In addition, not only are actual occasions, for 

Whitehead, co-dependent with their percipients (or more accurately, the subjects 

“prehending” them), but the experiencing organism is itself an actual entity (or, 

more precisely, can be described as a “society”
107

 of actual entities). Further-

more, in an event, the relationships between component entities “are internal” 

and “constitutive of what the event is in itself.”
108

 Accordingly, Whitehead 

writes that “the philosophy of organism is mainly devoted to the task of making 

clear the notion of ‘being present in another entity’,”
109

 which is something that 

he notes is rejected in the traditional Aristotelian and Cartesian substance ontol-

ogies, as well as in the subsequent Newtonian mechanistic metaphysical frame-

work. 

Whitehead’s process-relational cosmology is based on the notion that the 

natural world “is not made up of independent things, each completely determi-

nate in abstraction from all the rest,”
110

 as is assumed in the mechanistic meta-

physical framework. Rather, he espouses a worldview of organic interdepend-

ence, in which the entities of the natural world are considered to be complexly 

interrelated. To illustrate this holism, in 1925, Whitehead wrote of the rich or-

ganic interdependency of, and the reciprocal interactions between, the diverse 
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species, trees, elements, and weather patterns found in the Brazilian rainforest. 

He stated, 

 
The trees in a Brazilian forest depend upon the association of various species of 

organisms, each of which is mutually dependent on the other species. A single 

tree by itself is dependent upon all the adverse chances of shifting circumstanc-

es. The wind stunts it: variations in temperature check its foliage: the rains de-

nude its soil: its leaves are blown away and are lost for the purpose of fertiliza-

tion. You may obtain individual specimens of fine trees either in exceptional 

circumstances, or where human cultivation has intervened. But in nature the 

normal way in which trees flourish is by their association in a forest. Each tree 

may lose something of its individual perfection of growth, but they mutually 

assist each other in preserving the conditions for survival. The soil is preserved 

and shaded; and the microbes necessary for its fertility are neither scorched, nor 

frozen, nor washed away. A forest is the triumph of the organization of mutual-

ly dependent species. Further a species of microbes which kills the forest, also 

exterminates itself. . . . Every organism requires an environment of ‘friends’, 

partly to shield it from violent changes, and partly to supply it with its wants.111 

 

In sharp contradistinction to overt reductionism, Whitehead writes that in 

scientific explanation, “the essential connectedness of things can never be safely 

omitted.”
112

 Every entity, or phenomenon studied, requires its environment in 

order to exist, and every environment is comprised by an indefinite multitude of 

interdependent factors, each conspiring together to bring about what is. He 

writes that “nature is divisible and thus extensive” but warns that “any division, 

including some activities and excluding others, also severs the patterns of pro-

cess which extend beyond all boundaries.”
113

 That is to say, our carving up of 

reality through our sharp conceptual negations, selections, judgments, exclu-

sions, eliminations, divisions, discriminations, bifurcations, taxonomies, classi-

fications, and expressing them in language for the sake of precise analysis ab-

stracts from the total picture of the natural world. In a similar sense, we tend to 

lose sight of the whole when we rely solely on mechanistic language and expla-

nations of the reductionist variety. 

Neo-Darwinian biology, interpreting the natural world on the basis of a 

mechanistic lens of the reductionist variety, can definitely be said to have em-

phasized external relations and to have neglected internal relations, for example, 

in having postulated a strict separation of the germ line from the somatic line, in 

suggesting that genes code for proteins with no reciprocal action from pheno-

types to genotypes (see chapter 16), and in considering phenotypes as “mere 

machines” for the replication of genes. As Evan Thompson (2007) states, “ac-

cording to genocentrism, organisms evolve as elaborate contraptions—‘robots’ 

or ‘survival machines,’ as Dawkins calls them—constructed and controlled by 

genes.”
114 Neo-Darwinism has also emphasized how the individual organism 

competes against another in the struggle for existence, to the rejection of more 

ecologically oriented and “societal” conceptions of the organism (see chapter 



46 Adam C. Scarfe  

 

10), which involve emphases on organic interdependence and on cooperative 

behavior (e.g., involving “community” or “social” selection as well as “kin” 

selection which contribute to the organism’s inclusive fitness). Neo-Darwinism 

has promoted a view of organisms as objects upon which natural selection acts, 

to the neglect of the notion that they are also subjects or agents of selection (see 

chapter 12). Furthermore, neo-Darwinism has emphasized that the meaning of 

evolution involves changes in gene frequency and morphological change to the 

neglect of other factors, such as changes in respect to dominant behavioral hab-

its and structures of activity.
115

 

While being highly critical of the overemphasis on the mechanistic concep-

tual framework in describing organic nature, Whitehead did not simply seek to 

purge it outright from his system. While he preferred the term “philosophy of 

organism,”
116

 he did use the term “philosophy of organic mechanism”
117

 in sev-

eral places in Science and the Modern World as a descriptor of his metaphysical 

framework. This would seem to indicate that, at the very least, he was seeking to 

challenge our occupation with it as a singular and narrow explanatory focus. For 

Whitehead, the mechanistic framework 

 
is not wrong, if properly construed. If we confine ourselves to certain types of 

facts, abstracted from the complete circumstances in which they occur, the ma-

terialistic assumption expresses these facts to perfection. But when we pass be-

yond the abstraction either by more subtle employment of our senses, or by the 

request for meanings and for coherence of thoughts, the scheme breaks down at 

once.118 

 

The interpretation of the natural world through the heuristic machine analogy 

provides useful knowledge, just as systems biologists emphasize that their ex-

planations are “often mechanistic explanations.”
119

 However, Whitehead sought 

to interpret nature via organismic categories, rather than merely mechanistic 

ones. Additionally, Whitehead realized that scientific explanation in general 

required reductionism as part of its method, and that apart from it, we would fail 

to penetrate into the dominant characteristics of things. That said, he did not 

think that reductionism should occupy all phases of scientific research. 

Admittedly, the proposal to include a phase of holistic reflection into the 

scientific method is not in line with today’s dominant reductionist research 

agendas. Holisms have, in the interests of “rigorous, objective research,” tradi-

tionally been dismissed, and have typically, in the process, been characterized as 

“pseudo-scientific” in nature. Nevertheless, Whitehead emphasized the im-

portance of holistic reflection and speculation in the research process. Rather 

than merely observe nature through the narrow “arrow slit” of reductionism, he 

affirmed holistic reflection and speculation. Speculation, with its etymological 

root, specula, meaning a watchtower, enables us to have a wider, panoramic 

vantage point on reality, and, for example, to anticipate problems that might 

issue from technological applications stemming from mechanistic science of the 
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reductionist sort. Whitehead postulated that the research process, like other 

forms of learning, takes place best in the context of a rhythm of cyclical phas-

es.
120

 In a nutshell, in addition to phases of (1) curiosity (or “romance” as he 

called it, whereby a problem or set of phenomena that needs explanation is iden-

tified, hypotheses are generated, and a plan for investigation is initiated) and (2) 

reductionist analysis (or “precision” as he termed it, in which there is an objecti-

fication of research objects, observation, experimentation, data-gathering, as 

well as a comparison and an evaluation of data), Whitehead also suggested that a 

phase of (3) holistic and speculative reflection (or “generalization” as he de-

scribed it) was important, in order to synthesize competing claims, to place find-

ings in relational context, and to lay bare the abstractions created as a result of 

the phase of precision. The phase of generalization, for Whitehead, ignited the 

creative spark that could lead a researcher back to the phase of curiosity or “ro-

mance,” which would reinitiate the whole process of inquiry. According to 

Whitehead, the rhythm of research was not to be seen as an implicitly linear 

sequence of stages. Rather, each of these phases, for him, was to be emphasized 

equally, namely, given its due season in research, although there could be minor 

eddies of any of the phases occurring in the others. 

In relation to the importance of a phase of holistic reflection in scientific re-

search, Whitehead warns that we risk committing what he calls the fallacy of 

misplaced concreteness when we confuse our constructed, conceptual schemas, 

models, and analogies with the way things are, and when we neglect “the degree 

of abstraction involved when an actual entity is considered merely insofar as it 

exemplifies certain categories of thought.” He continues, “there are aspects of 

actualities which are simply ignored [or neglected, when] . . . we restrict [our] 

thought to these categories.”
121

 A phase of holistic reflection provides checks 

and balances in relation to the misplaced concretenesses that are created by the 

mechanistic framework of the reductionist sort. 

While, as has been discussed above, we cannot go without metaphysical 

concepts, from a Whiteheadian perspective, researchers ought to cultivate think-

ing of the holistic sort and to recognize the abstractions created, for instance, by 

the assumption that the world can be adequately described with reference to se-

lected metaphysical concepts, such as substance, accident, causality, essence, 

teleology, matter, and mechanism. Elsewhere, he attempted to articulate the na-

ture of the blind spot that can be created as a result of overemphasizing a nar-

row, reductionist focus in science, by writing: 

 
The topic of every science is an abstraction from the full concrete happenings 

of nature. But every abstraction neglects the influx of the factors omitted into 

the factors retained. Thus a single pattern discerned by vision limited to the ab-

stractions within a special science differentiates itself into a subordinate factor 

in an indefinite number of wider patterns when we consider its possibilities of 

relatedness to the omitted universe.122 
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In sum, Whitehead thought that the reduction of phenomena down to their basic 

building blocks so as to analyze and to understand them is an essential phase of 

scientific research. Reductionism is necessary if we are to explain any phenom-

enon adequately; it belongs to the established methodology of the natural sci-

ences. But, his point was that reductionism is a phase in scientific analysis, not 

the entire operation. After performing a rigorous analysis of some phenomenon, 

we should reconnect our findings with the complex interdependent system that 

is nature, and should attempt to realize the abstractions that have been created as 

a result of the methods of inquiry, as well as the limitations of the concepts that 

have been employed in the process. We should ask questions with an orientation 

toward the relational whole, such as: 

 

 Because nature as a whole is a complex interdependent system rather than a 

set of self-contained, mechanical, material substances, what elements have 

been left out (in terms of the integral whole) in the analysis, and what ab-

stractions have accrued as a result of the reductionist methodologies em-

ployed? 

 What conceptual frameworks and/or metaphysical assumptions obscuring 

the relational interdependence of nature have been present in the analysis? 

 How do the findings of such research connect to the findings of other disci-

plines and to the whole picture of reality that our patchwork of knowledge 

seeks to paint? 

 How will the application of this scientific research via technology and/or 

biotechnology impact on living organisms, and on other regions, elements, 

and levels of the complex interdependent system that is nature, now and in 

the short- and long-term evolutionary future? 

 Given that nature is a complex interdependent system, what ethical con-

cerns come to light as a result of the recognition of the abstractions of re-

ductionism when viewed in the light of the more holistic perspective? 

 

 

The Intent and Contents of This Volume 
 

While much of this introduction has focused on the relationships between biolo-

gy, metaphysics, ethics, and process philosophy, attempting to prime the reader 

for what follows, admittedly, most of the chapters in this volume do not touch 

explicitly on ethics, metaphysics, or process philosophy. Rather, they explore 

what might be called “the New Frontiers” of biology, that is, contemporary areas 

of research and recent developments in biology which appear to call for an up-

dating, a supplementation, or a relaxation of some of the main tenets of the 

modern synthesis. Examples of these “New Frontiers,” which provide the gen-

eral frame in terms of the organization of this volume, include: (1) Emergence 

and Systems Biology, (2) Biosemiotics, (3) Homeostasis and Symbiogenesis, (4) 
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the Theory of Organic Selection (i.e., the “Baldwin Effect”), (5) Self-

Organization and Teleology, and (6) Epigenetics. To facilitate the reader’s ac-

quisition of a well-rounded grasp of these “New Frontiers,” including their rami-

fications for biology as a whole in its quest to understand the nature of life, as 

well as for the public perception of (e.g., evolutionary) biology, an attempt has 

been made in each section to pair the elaborations of scientists and specialists 

with those of philosophers. 

While no overarching consensus has been reached among the authors of the 

chapters that are contained in this volume (in some cases there are conflicts be-

tween them), and while there is no single proposal that binds each of the sec-

tions and chapters together, two common themes among them are: critical re-

flection in relation to the neo-Darwinist paradigm in biology, and the cultivation 

of novel avenues of investigation in relation to the nature of life, which deviate, 

to some extent, from this paradigm. It has been said that new discoveries and 

developments in the human, social, and natural sciences hang “in the air”
123

 pri-

or to their consummation. It is hoped that the chapters of this volume will con-

tribute to a movement to update, to supplement, and/or to relax some of the main 

tenets of the modern synthesis, in order to promote a greater degree of inclusivi-

ty in the biological sciences. 
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ly Descartes’ idea as will be alluded to below) that produced all organisms, including the 

human agents we are speaking of, and that hence they are machines too. Other opponents 

will also point to the fact that Humberto Maturana and Francisco Varela developed the 

notion of autopoiesis, which was deemed “necessary and sufficient to characterize the 

organization of living systems” (Autopoeisis and Cognition, 82) within the context of 

maintaining a mechanistic program. Furthermore, we cannot be said to have fully re-
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moved the ambiguity surrounding the meaning of life. The nature of life has been pon-

dered for millennia and will continue to be long after this book has been forgotten. How-

ever, our considerations have promoted learning. 

The great German Idealists, J. G. Fichte (1762-1814) and G. W. F. Hegel (1770-

1831), emphasized that one aspect of knowing what something is, ontologically speaking, 

is to posit what it is not, and to negate what it is not. On the basis of the comparison be-

tween living organisms and machines, we have undoubtedly learned more about what 

living beings are by knowing what they are not. 

28. For example, August Weismann in Studies in the Theory of Descent, Volumes 

1-2, trans. Raphael Meldola (London, UK: Sampson Low, Marston, Searle & Rivington, 

1882), states that the admission of 

an innate metaphysical developmental force . . . [or] power is directly opposed 

to the laws of natural science, which forbid the assumption of unknown forces 

as long as it is not demonstrated that known forces are insufficient for the ex-

planation of the phenomena. . . . Thus even without the foregoing special inves-

tigations we should deny a phyletic vital force; the more so as its admission is 

fraught with the greatest consequences, since it involves a renunciation of the 

possibility of comprehending the natural world. We should, on this assumption 

[i.e., that of belief in a vital principle], at once cut ourselves off from all possi-

ble mechanical explanation of organic nature, i.e. from all explanation con-

formable to law. But this signifies no less than the renunciation of all further 

inquiry; for what is investigation in natural science but the attempt to indicate 

the mechanism through which the phenomena of the world are brought about? 

Where this mechanism ceases science is no longer possible, and transcendental 

philosophy alone has a voice. 

  This conception represents very precisely the well-known decision of 

Kant:—“Since we cannot in any case know a priori to what extent the mecha-

nism of Nature serves as a means to every final purpose in the latter, or how far 

the mechanical explanation possible to us reaches,” natural science must eve-

rywhere press the attempt at mechanical explanation as far as possible. 

29. Conrad Hal Waddington, The Evolution of an Evolutionist (Ithaca, NY: Cornell 

University Press, 1975), 11, 1, 10. 

30. Daniel Dennett, Darwin’s Dangerous Idea: Evolution and the Meanings of Life 

(New York: Simon & Schuster, 1995), 77-80. 

31. See Martin Heidegger’s seminal critique of metaphysics as onto-theology in 

“The Ontotheological Constitution of Metaphysics” in Identity and Difference, trans. 

Joan Stambaugh (Chicago: University of Chicago Press, 1969), 42-76, 107-146. 

32. See Konrad Lorenz, “Kant’s Doctrine of the A Priori in the Light of Contempo-

rary Biology,” in Philosophy After Darwin: Classic and Contemporary Readings, ed. 

Michael Ruse (Princeton, NJ: Princeton University Press, 2009), 231-247. 

33. Michael Ruse, Philosophy after Darwin, 224. 

34. In Critique of Pure Reason, trans. and ed. Paul Guyer and Allen W. Wood 

(New York: Cambridge University Press, 1998), Introduction 2nd Edition, B5, 138, Kant 

says that the a priori principles are “indispensable for the possibility of experience itself.” 

While David Hume was skeptical of causality from his empiricist perspective, since 

the necessary causal connection that is assumed between any putative cause A and effect 

B has no empirical warrant, he did indicate that it was indispensable for human existence. 

We can interpret this notion of indispensability in the biological sense. In Prolegomena to 

Any Future Metaphysics, trans. and ed. Gary Hatfield (New York: Cambridge, 1997), 
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4:258-259, 9, Kant states that Hume’s skepticism was not about “whether the concept of 

cause is right, useful, and, with respect to all cognition of nature, indispensable, for this 

Hume had never put into doubt; it was rather whether it is thought through reason a pri-

ori, and in this way has an inner truth independent of all experience. . . . The discussion 

was only about the origin of this concept, not about its indispensability in use.” 

Also see Adam Scarfe, “Skepticism Concerning Causality: An Evolutionary Episte-

mological Perspective,” Cosmos and History 8, no. 1 (2012), 227-288. 

35. Dennett, Darwin’s Dangerous Idea, 77. 

36. David Hume, Enquiries Concerning Human Understanding and Concerning 

Principles of Morals, ed. Lewis Amherst Selby-Bigge and Peter Harold Nidditch (New 

York: Oxford University Press, 1975), H128, 159-160. 

37. Whitehead, Science and the Modern World, 4, 16. 

38. For example, see Weismann, Studies in the Theory of Descent, 718, who holds 

that the mechanistic conception of nature is the only viable option for biological explana-

tion, “so long as the interference of teleological forces in the course of the process of 

organic development has not been demonstrated to him.” Also see Dennett, Darwin’s 

Dangerous Idea, 34-60, who asserts that evolution is a “mindless, mechanical—

algorithmic process” (60), not a purposeful or teleological one. 

39. Evan Thompson in “Life and Mind: From Autopoeisis to 

Neurophenomenology—A Tribute to Francisco Varela,” Phenomenology and the Cogni-

tive Sciences 3 (2004), articulates a position that is open to teleology in nature. He states, 
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living beings are not reducible to algorithmic mechanism, and if teleology is an 
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ior (Chicago: University of Chicago Press, 1965), 48, although this fact points to the 
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42. Whitehead, Science and the Modern World, 157. 
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University Press, 2007). 

44. Julian Huxley, Evolutionary Humanism (Amherst, NY: Prometheus Books, 

1964), 76. 
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also in terms of their truth, via speculation, research, critical thinking, skepticism, learn-
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ing, and education (see Adam Scarfe, “Skepticism Concerning Causality: An Evolution-

ary Epistemological Perspective,” Cosmos and History 8, no. 1 (2012), especially 279-

283). A synthesis of correspondence and pragmatist theories of truth might be assumed 

here. As articulated by William James in “Pragmatism’s Conception of Truth,” in The 

Writings of William James: A Comprehensive Edition, ed. John McDermott (Chicago: 
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