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31 - Four puzzles about life

MARK A. BEDAU

WHAT EXPLAINS THE PHENOMENA
OF LIFE

Life seems to be one of the most basic kinds of actual
natural phenomena. A bewildering variety of forms of
life surrounds us, but we usually have no difficulty
distinguishing the living from the nonliving. That flower,
that mushroom, that worm, that bird are alive; that rock,
that mountain, that river, that cloud are not. Just as any
attempt to divide nature at its joints must account for
mind and matter, so it must account for life.

Yet it is notoriously difficult to say what life is,
exactly. Many have noted this (e.g., ref. 1); Farmer and
Belin (ref. 2, p. 818) put the point this way:

There seems to be no single property that
characterizes life. Any property that we assign to
life is either too broad, so that it characterizes many
nonliving systems as well, or too specific, so that we
can find counter-examples that we intuitively feel to
be alive, but that do not satisfy it.

The fact today is that we know of no set of individually
necessary and jointly sufficient conditions for life.

Nevertheless, there is broad agreement that life
forms share certain distinctive hallmarks. Various hall-
marks are discussed in the literature, and Mayr’s list®
is representative and influential:

1. All levels of living systems have an enormously
complex and adaptive organization.

2. Living organisms are composed of a chemically
unique set of macromolecules.

3. The important phenomena in living systems are
predominantly qualitative, not quantitative.

4. All levels of living systems consist of highly variable
groups of unique individuals.

5. All organisms possess historically evolved genetic
programs which enable them to engage in teleo-
nomic processes and activities.

6. Classes of living organisms are defined by historical
connections of common descent.

7. Organisms are the product of natural selection.

8. Living processes are especially unpredictable.

I agree with Mayr (ref. 3, p. 59) that the coexistence of
these properties “make[s] it clear that a living system is
something quite different from any inanimate object,”
so I suspect that there is some unified explanation of
vital phenomena. At the same time, it is puzzling that
such heterogeneous properties characteristically coexist
in nature, especially because each of the hallmarks can
be possessed by nonliving things.

Appearances can be deceptive. Vital phenomena
might have no unified explanation and life might not
be a basic kind of natural phenomena. Skeptics such as
Sober” think that the question of the nature of life, in
general, has no interesting answer. But I suspect other-
wise, along with those (e.g., refs.5,6) searching for
extraterrestrial life; they are not searching just for
extraterrestrial metabolizers and self-reproducers.
Likewise for those searching for the origin of life on
Earth (e.g., refs. 7,8). Likewise for those in the field of
artificial life attempting to synthesize life in artificial
media.’ This broadly based search for a unified theory
of vital phenomena should retreat to skepticism, if at
all, only as a last resort.

So, we face a quandary: We expect there is a
unified theory of life but we doubt life has necessary
and sufficient conditions. We can resolve this quandary
if we reconceive our project in two ways. First, we
must focus on the phenomena of life, not our current
concept of life nor the current meaning of our
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word “life.” Physicists and chemists want to explain
matter itself, not our current concept of matter or the
current meaning of the word “matter.” I want to
explain life itself; such an explanation is what I mean
by a theory of life. It does not matter whether this
theory supports our current preconceptions about
life or fits the current meaning of our word “life.”
Our current concept of life and the current meaning
of our word “life” are contingent. They vary across
space and time, changing with different human
cultures at different places and in different ages. Our
theories are connected with our concepts and words,
of course, but the connection goes in the other direc-
tion, with our concepts and words following the lead
of our currently best theories.

The second step in resolving our quandary is to
shift our focus from living organisms to the process
that produces organisms and other living phenomena.
The generating process is primary and its products are
secondary, for the process provides a unified explan-
ation of the various products. Understanding how
organisms and other living entities actually come into
existence is the key to understanding what they are.

I believe that the process of supple adaptation is
the primary form of life.’® I defend this proposal here,
on the grounds, not that supple adaptation is a neces-
sary and sufficient condition for living organisms (it is
not), nor that it matches our current concept of life or
the current meaning of the word “life” (it might not),
but that it provides the best unified explanation of the
phenomena of life. Theories of life should be judged in
part by how well they resolve basic puzzles about life.
My specific concern here is how supple adaptation
resolves four such puzzles. I propose no complete
and final theory of life, nor definitive resolutions to
the four puzzles. But I show that supple adaptation
provides good explanations of the puzzles.

Can any rival theory explain the four puzzles as
well? It is easy to dream up rival theories and to
imagine that they have good explanations of the
puzzles; it is another thing to support such dreams
with substantial evidence. The theory of life as supple
adaptation does not automatically fend off rival theor-
ies. Another theory that provided equally good explan-
ations of the puzzles would be a serious contender. My
goal here is not to show that credible contenders are
impossible but to establish what standard they must
meet to be taken seriously.
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THE THEORY OF LIFE AS SUPPLE
ADAPTATION

I propose that an automatic and continually creative
evolutionary process of adapting to changing environ-
ments is the primary form of life. My proposal is
broadly in the spirit of genetic definitions of life;'
various similar proposals occur in the literature (e.g.,
refs. 7-9). From my perspective, what is distinctive of
life is the way in which evolution automatically fash-
ions and refashions appropriate strategies for coping as
local contexts change.

The notion of propriety involved in supple adap-
tation is to be understood teleologically. A response is
appropriate only if it promotes and furthers the
adapting entity’s intrinsic goals and purposes, where
those goals and purposes are minimally to survive and,
more generally, to flourish. For example, if a clam’s
shell becomes cracked, then an inappropriate response
would be for the clam’s soft tissue to ooze out the
crack, and an appropriate response would be for the
shell to be repaired. By contrast, although water
flowing downhill automatically “adapts” to the local
landscape’s topography, the water has no intrinsic
goals or purposes and flowing downhill serves no such
goals or purposes. Similarly, a thermostat has no
intrinsic goals or purposes, so its “adaptive responses”
to local temperature changes can be considered appro-
priate only relative to the extrinsic goals or purposes
that we have in using those artifacts. These teleological
notions of intrinsic goals and purposes are certainly
controversial, and I will not here rehearse my own
attempts to resolve these controversies.' ™ I trust that
their connection to the relevant notion of adaptation is
clear enough for present purposes.

My proposal is that the thread unifying the diver-
sity of life is the suppleness of this process of produc-
ing adaptations—its ongoing and indefinitely creative
production of significantly new kinds of adaptive
responses to significantly new kinds of adaptive chal-
lenges and opportunities. A biological arms race'* is
one simple example of supple adaptation. By contrast,
a thermostat’s response to the ambient temperature is
not “supple” in the relevant sense because it is the
“same old” kind of response to the “same old” kind of
temperature changes. Because the process of supple
adaptation involves significantly new kinds of adaptive
challenges and opportunities, those challenges and
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394 MARK A. BEDAU

opportunities will be unanticipated by the adapting
entities, and they will elicit an open-ended range of
appropriate responses. Phrases such as “open-ended
evolution” (ref. 15, p. 310; ref. 16, p. 372) or “perpetual
novelty” (ref. 17, p. 184) are sometimes used to refer to
this process.

Supple adaptation is not to be equated with
natural selection. For one thing, natural selection is
not necessary for supple adaptation. Other adaptive
mechanisms such as Lamarckian selection or Hebbian
learning can produce supple adaptation. For another
thing, natural selection is not sufficient for supple
adaptation. Supple adaptation is the ongoing produc-
tion of significant adaptive novelty. By contrast, the
dynamics of natural selection often eventually stabilize
in the long run, with the result that significantly new
adaptations stop being produced. Even though new
mutations continually occur, they yield at best only
insignificantly different variants of familiar adapta-
tions. So, natural selection produces supple adaptation
only when it is continually creative. Adaptation cannot
be continually creative without ongoing environmental
change. One way to bring about ongoing environ-
mental change is for the evolving system’s own evolu-
tion to continually reshape the selection criteria or
fitness function,'® perhaps through some mechanism
like this: The organisms in the evolving system inter-
act through their behavior. Each organism’s environ-
ment consists to a large degree of its interactions with
other organisms. So, if one organism evolves an
adaptive behavior, this changes the
environment of neighboring organisms. This envi-

innovative

ronmental change in turn causes the neighboring
organisms to evolve their own new adaptive behaviors,
and this finally changes the environment of the original
organism. In this way an organism’s adaptive evolution
ultimately changes the environment of that very org-
anism. The net effect is that the population’s
adaptive evolution continually drives its own further
adaptation.

I should call attention to the difference between a
capacity and its exercise, because I hold that life
involves the exercise of supple adaptation, not just the
capacity to do so. For me, the key is not supple adapi-
ability but actual supple adaptation. A system undergo-
ing supple adaptation is not adapting at every moment,
of course—the adaptation occurs in fits and starts. But
the quiescent periods between adaptive events are

transient; every quiescent period is followed by new
adaptive events. If a system that could undergo supple
adaptation never does, then by my lights it could be
alive but never ss.

Probably the most controversial feature of my
theory of life is the claim that supple adaptation does
not merely produce living entities: The primary forms
of life are none other than the supplely adapting
systems themselves. Other living entities are alive by
virtue of bearing an appropriate relationship to a sup-
plely adapting system; they are secondary forms of life.
Different kinds of living entities (organisms, organs,
cells, etc.) stand in different kinds of relationships to
the supply adapting system from which their life
ultimately derives. In general, these relationships are
ways in which the entity is created and sustained by a
supplely adapting system. So, the general form of my
theory of life can be captured by this definition:

X is living #ff’

1. X is a supplely adapting system, or
2. X is explained in the right way by a supplely
adapting system.

The effect of this definition is to construe the primary
form of life as supplely adapting systems.

According to this definition, individual living
organisms, organs, cells, and all the other living things
count as alive because they are explained in the right
way by a supplely adapting system. But the definition
does not specify which kinds of explanations are the
“right” ones. The explanations typically involve the
way in which things are created and sustained, but it is
not clear whether this is always true. Furthermore,
some ways of being generated and sustained are clearly
not what is intended by the definition, such as the way
in which people create and sustain automobiles and
garbage dumps, the way in which spiders create and
sustain their webs and beavers their dams. [ am leaving
these details to be settled by whatever in the future
best explains living phenomena, so I am not proposing
a complete and final theory here. By claiming that the
process of supple adaptation is the central explanatory
factor underlying and unifying the various phenomena
of life, the definition above delineates the central
categories to be used in a final definition and proposes
boundaries within which to seek that definition. My
aim is not to give a particular definition but to set
the stage for one to be produced in the future.
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One important virtue of the theory of life as
supple adaptation is its unified explanation for Mayr’s
hallmarks of life. The theory implies that we should
expect those heterogeneous-seeming properties to
coexist in nature. If life consists of supplely adapting
systems and the entities they generate and sustain, we
should expect life to involve the operation of natural
selection producing complex adaptive organization in
historically connected organisms with evolved genetic
programs. Furthermore, the random variation and
historical contingency in supple adaptation explains
why living phenomena are especially unpredictable
and involve unique and variable individuals. Finally,
if supple adaptation is produced by a branching
process involving birth, reproduction, and death of
individuals, such as natural selection, then we can
understand why it would give rise to a wealth of
qualitative phenomena characterized by frozen acci-
dents like chemically unique macromolecules. The
naturalness of all these explanations supports the
theory of life as supple adaptation.

Another consideration in favor of the theory is its
natural response to potential criticisms. For example,
mules, the last living member of an about-to-be extinct
species, neutered and spayed animals are all alive, but
being infertile, such entities play no role in the supple
adaptation of their lineages. However, infertile organ-
isms exist only because of their connections with other
fertile organisms that do play an active role in a sup-
plely adapting biosphere, so they fall within the scope
of my theory.

Some might object that an evolving system’s
supple adaptation has the wrong logical form to be
the nature of life. Individual organisms are the para-
digmatic living entities and an evolving population of
organisms is of a different logical category than an
individual organism. So, one might think that life
cannot consist in a population-level property like
supple adaptation. Now, individual organisms and
populations of organisms are of different categories,
to be sure, but phenomena from one category can
explain phenomena from other categories. The theory
of life as supple adaptation denies that individual
organisms are the primary forms of life, but it does
so consciously and deliberately, out of the conviction
that the process of supple adaptation is our current
best hope for unifying and explaining the phenomena
of life. If the best explanation for life violates some of

Four puzzles about life 395

our currently dominant paradigms of life, so much the
worse for those paradigms.

The possibility of an ecology that has reached a
state of stable equilibrium and stopped adapting
forever is a more direct challenge to my theory. After
all, the organisms in such so-called “climax” ecosystems
are certainly alive, yet the ecosystem containing
them is not undergoing supple adaptation, so these
organisms would seem to fall outside my theory.
However, not only do climax ecosystems originate
through a process of supple adaptation, but their
quiescent periods are transitory. At least, that is
the hypothesis behind the theory of life as supple
adaptation. If this hypothesis is false and it turns
out that climax ecosystems simply do not exhibit
supple adaptation, then the theory of life as supple
adaptation is also false. It is an empirical question
whether the hypothesis is true. My theory implies
not that the hypothesis is analytically true (it is
not) nor that it is knowable a priori (it is not)
but only that the nature of life, in fact, is supple
adaptation. Being life’s nature, it is an essential
property of life and so holds necessarily, but it is a
necessity that we learn about a posteriori through
empirical science.

It is easy to conceive of circumstances that violate
my account of life. Nothing prevents us from enter-
taining with Boden' the scientific fantasy of species
that never evolve and adapt. For all I know, this is
possible; that is, it is “epistemically” possible, as
Kripke?® might say. So is the possibility that there
has been and ever will be only one living organism.
So is the possibility that all organisms were created in
seven days by an omnipotent, omniscient, and omni-
benevolent deity. But these fantasies are just that—
fantasies, with no bearing on the true nature of any
form of life that we could discover or synthesize. My
claim—ua posteriori to be sure, but still true, I wager—is
that all living organisms anywhere in the universe
ultimately derive their existence and their characteris-
tic lifelike features from having the right sort of
explanatory connection with a system undergoing
supple adaptation.

Are there not counterexamples of supplely
adapting systems devoid of all life? Viruses are
adapting against all our best efforts to eradicate
them—the AIDS virus evolves remarkably quickly—
and viruses are a classic example of entities on some
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396 MARK A. BEDAU

borderline between life and nonlife. Even less lifelike
are populations of the tiny clay crystallites that
make up mud, yet these seem to have the flexibility
to adapt and evolve by natural selection.”'? So do
autocatalytic networks of chemical species,”” yet evolv-
ing populations of crystals or chemicals are ordinarily
thought to involve no life whatsoever. Even more
extreme examples are individual human mental activ-
ity and collective human intellectual, social, and eco-
nomic activities; these all look like supple, open-ended
capacities to adapt to unpredictably changing circum-
stances, yet none would ordinarily be called alive.
Intellectual and economic activities are generated
by living creatures, but the evolving intellectual or
economic systems themselves are not thought to be
alive. However, I am not offering supple adaptation
as an explication of our current concept of life, so
unintuitive classifications are no particular concern.
These counterintuitive cases do not undermine the
fact that supple adaptation is our best explanation of
the phenomena of life. If life is supple adaptation, then
virus and clay crystallite populations, autocatalytic
chemical networks, and human intellectual and economic
systems all deserve to be thought of as living if they
exhibit supple adaptation. Our ordinary language may
well reflect some linguistic pressure from this direc-
tion, because we speak of the vitality of such systems
(though this might be only a metaphor, of course). If
we seek to learn the true nature of the phenomena of
life, we must be open to the possibility that life is quite
unlike what we now suppose.

FOUR PUZZLES AND PROPOSED
SOLUTIONS

We can evaluate a theory of life by how well it resolves
persistent puzzles about life. In summary form, this is
my present battery of puzzles, along with the reso-
lutions implied by the theory of life as supple
adaptation:

Puzzle 1: How are different forms of life at different
levels of biological hierarchy related?

Solution: Life must exist at many levels of organiza-
tion. Different levels involve different but related
forms of life.

Puzzle 2: Is the distinction between life and nonlife
dichotomous or continuous?

Solution: Various continua and dichotomies separate
life and nonlife, but the primary distinction is
continuous.

Puzzle 3: Does the essence of life involve matter or
form?

Solution: Life is essentially a certain form of process.
The suppleness of that form makes the process
noncomputational, but a computer simulation of
life can create real life.

Puzzle 4: Are life and mind intrinsically related?

Solution: Life and mind are expressions of essentially
the same kind of process.

These puzzles are controversial and subtle. A compel-
ling theory must not only resolve the puzzles; it should
also explain why they arise in the first place. The
theory of supple adaptation does all this.

Levels and dependencies

Living phenomena fall into a complex hierarchy
of levels—what I will call the wvital hierarchy. Even
broad brush strokes can distinguish at least eight levels
in the vital hierarchy: ecosystems, which consist of
communities, which consist of populations, which
consist of organisms, which consist of organ systems
(immune cardiovascular system), which
consist of organs (heart, kidney, spleen), which consist

system,

of tissues, which consist of cells. Items at one level in
the hierarchy constitute items at higher levels. For
example, an individual population consists of a lineage
of organisms that evolve over time. Individual organ-
isms are born, live for a while, and then die. Taken
together over time, these individuals constitute the
evolving population. The vital hierarchy raises two
basic kinds of questions about the nature of life. First,
we may ask whether there is some inherent tendency
for living systems to form hierarchies. Why are hier-
archies so prevalent in the phenomena of life? The
second question (really, set of questions) concerns the
relationships among the kinds of life exhibited
throughout the vital hierarchy. Are there different
forms of life at different levels, and if so then how
are these related? How are they similar and different?
Which are prior and which posterior? What is the
primary form of life? Haldane?' and I\/Iayr3 are espe-
cially sensitive to these questions, although neither has
a ready answer.
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The theory of life as supple adaptation involves a
two-tier picture with connected but different forms
of life. The first tier consists of the primary form of
life—the
A supplely adapting system is an evolving population

supplely adapting systems themselves.
of organisms, or a whole evolving ecosystem of many
populations, or, in the final analysis, a whole evolving
biosphere with many interacting ecosystems. At the
second tier, entities that are suitably generated and
sustained by such a supplely adapting system branch
off as different but connected secondary forms of life.
These secondary forms of life include organisms,
organs, and cells. So the idea that various forms of life
are found at various levels of the biological hierarchy
follows from the very structure of the theory of life.
Notice also that the very notion of a supplely
adapting system implies simultaneous multiple levels
of activity. Adaptive evolution involves the interaction
between phenomena at a variety of levels, including at
least genes and individual organisms and populations,
so the process implies a system with activity at macro,
meso, and micro levels. Thus, the theory of life as
supple adaptation explains why life involves multiple
levels of living phenomena. The agents constituting a
supplely adapting population are not in every instance
themselves alive. The simplest kind of supplely
adapting systems seem to be something like an auto-
catalytic network of chemical species, such as those
hypothesized to be involved in the origin of life, %
and it is implausible to attribute life to the chemical
species that constitute supplely adapting
systems. Nevertheless, the agents in most supplely

these

adapting populations are alive; organisms are the para-
digm case of this.

There is another more indirect and much more
controversial way in which supple adaptation might
explain why there is a vital hierarchy. No one doubts
that organisms have parts that function to ensure the
organism’s survival and reproduction, and no one
doubts that in some cases these parts themselves have
a complex hierarchical structure (think of the immune
system or the brain). The progression of evolution in
our biosphere seems to show a remarkable overall
increase in complexity, from simple prokaryotic
one-celled life to eukaryotic cellular life forms with
a nucleus and numerous other cytoplasmic struc-
tures, then to life forms composed of a multiplicity of
cells, then to large-bodied vertebrate creatures with

Four puzzles about life 397

sophisticated sensory processing capacities, and
ultimately to highly intelligent creatures that use
language and develop sophisticated technology. This
evidence is consistent with the hypothesis that
open-ended evolutionary processes have an inherent,
lawlike tendency to create creatures with increasingly
complicated functional organization. Just as the arrow
of entropy in the second law of thermodynamics
asserts that the entropy in all physical systems has a
general tendency to increase with time, the hypothesis
of the arrow of complexity asserts that the complex
functional organization of the most complex products
of open-ended evolutionary systems has a general
tendency to increase with time. Make no mistake:
The arrow of complexity hypothesis is far from settled.
Some biologists are sympathetic but plenty are
skeptical; see, for example, Gould,***’ Maynard Smith
and Szathméry,9 and McShea,”® as well as many of the
chapters in refs. 27 and 28. I am not trying to resolve
this controversy here. In fact, I think we have no
compelling evidence either for or against the hypoth-
esis right now.”” My point here is that, if the arrow of
complexity hypothesis is true, then supplely adapting
systems have an inherent, internal tendency to produce
entities with a complex, hierarchical structure, and so
the theory of life as supple adaptation has a deep
explanation of the vital hierarchy.

Whether or not the arrow of complexity hypothesis
proves true, the theory of life as supple adaptation
resolves the puzzle about the levels of life in a way
that provides a natural explanation for why this
puzzle arises in the first place.

Continuum or dichotomy

Can things be more or less alive? Serious reflection
about life quickly raises the question whether life is a
Boolean (black-or-white) property, as it seems at first
blush, or whether it is a continuum property, coming
in many shades of gray. Common sense leans toward
the Boolean view: A rabbit is alive and a rock is not,
and there is little apparent sense in the idea of some-
thing falling in between these two states, being partly
but not fully alive. But the common sense view is put
under stress by various borderline cases such as viruses
that are unable to replicate without a host and spores
or frozen sperm that remain dormant and unchanging
indefinitely but then “come back to life” when
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398 MARK A. BEDAU

conditions become suitable. Furthermore, we all agree
that the original life forms somehow emerged from a
prebiotic chemical soup, and this suggests that there is
very little, if any, principled distinction between life
and nonlife. Many have concluded this implies that
there is an ineliminable continuum of things being
more or less alive.”??**3! But is this right?

If life is viewed as supple adaptation, then the
most important life/nonlife distinction involves a con-
tinuum because the activity of supple adaptability itself
comes in degrees. Different systems can exhibit supple
adaptation to different degrees, and a given system’s
level of supple adaptation can fluctuate over time.
A system’s level of supple adaptation can smoothly
drop to nothing or smoothly rise from nothing. It is
obvious enough that evolving systems’ level of supple
adaptation can rise or fall continuously. In fact, there
are methods for quantifying various aspects of an
evolving system’s level of supple adaptation,‘n’33 and
this enables the dynamics of supple adaptation in arti-
ficial and natural systems to be compared directly.***
Thus, if we view life as supple adaptation, then being
alive is a matter of degree. In addition to asking
whether something is alive, we can also ask about the
extent of its life; indeed, its life might vary along more
than one dimension.

It is possible, of course, to define various sharp,
Boolean distinctions on top of the continuum of the
activity of supple adaptability. One natural distinction
is whether a system’s level of supple adaptation is
positive; this dichotomy marks whether or not a system
is alive. But it must be admitted that any such Boolean
distinction involves an unmistakable element of arbi-
trariness; we could just as well focus on whether or not
a system’s level of supple adaptation exceeds 17 or
3.14159. Furthermore, such dichotomies would be
defined in terms of a prior and more fundamental
continuum of levels of supple adaptation; a system’s
level of supple adaptation could be arbitrarily close
to our chosen cut-off point. Thus, the continuum is
the truth underlying the dichotomies that it can be
used to define.

There is a pragmatic dimension of the issue
whether life at bottom is Boolean or continuous. If
we quantify a system’s level of supple adaptation in
the way that Norman Packard and I have pro-
posed, 333536 then one needs a certain amount of
data, and so a certain amount of time to gather the

data, to determine (to within a certain level of statis-
tical confidence) whether a system has a given level of
supple adaptation. So, a system exhibiting very little
supple adaptation will take a long time to generate
enough data to distinguish it from the null hypothesis.
But on that same time scale the system could exhaust
some essential resource and perish. Thus, it might be
impossible in practice to detect supple adaptation
below a certain level on a certain time scale, and this
would create a dichotomy separating detectable life
from everything else. Still, this would not lessen the
fact that in principle a continuum underlies this
dichotomy.

The theory that life is supple adaptation, at least
as I construe it, holds that life is the activity of supple
adaptation, not merely the capacity for it. But the
existence of this capacity is more basic than the extent
to which it is exercised; the capacity is prior to its
exercise. So we might ask whether this capacity is a
Boolean property. Even if we do not know exactly what
it takes for a system to have this capacity, it might seem
that a system either has or lacks that capacity; it might
look as if a system either can or cannot undergo
open-ended evolution. But the truth seems more
complicated. Supple adaptation is the process of
producing significantly new kinds of adaptive responses
to significantly new kinds of adaptive challenges and
opportunities. Because it is dubious that there is a
sharp divide between those challenges and responses
that are significantly new and those that are not, the
property of having the capacity for life seems to be a
matter of degree.

So far we have focused on the supply adapting
system itself, as well we should if supple adaptation is
the primary form of life, as I have been urging. But
other things, such as individual organisms, individual
organs, and individual cells, are also alive, if only
secondarily, and we should ask whether their life is a
matter of degree. Intuitively one would think that a
flea or paramecium is no less alive than a cow or
human being; likewise, my heart is no less alive than
a flea’s heart, and a cell in my body is no less alive than
a flea’s cell. The theory of life as supple adaptation
supports these intuitions. The theory attributes different
derivative forms of life to entities that have the right
connections with a supplely adapting system and in
general it is an equally determinate and dichotomous
matter for humans and fleas whether such
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connections obtain. When something definitely does
or does not satisfy the conditions of derivative life, it
definitely is or is not alive. There still are the
familiar borderline cases, though, such as viruses,
frozen sperm, and dormant spores. But notice that
these are precisely those cases in which connections
with the supplely adapting system deviate from the
norm. The derivative form of reproduction of vir-
uses makes their participation in the supplely adap-
ting system less autonomous than other organisms.
Frozen sperm and dormant spores have become
disconnected from the supplely adapting system
but when those connections are reestablished they
are brought “back to life.” In this sort of way the
theory of life as supple adaptation offers a natural
explanation for why borderline cases are borderline
cases.

If the theory of life as supple adaptation is right,
then both continuous scales and dichotomous divisions
separate the living and the nonliving. Given this
complexity, it is no wonder that we are puzzled about
whether there is a continuum between life and nonlife.

Matter or form

The advent of the field of artificial life has focused
attention on a set of questions about the role of matter
and form in life.*”*373% On the one hand, certain
distinctive carbon-based macromolecules play a crucial
role in the vital processes of all known living entities;
on the other hand, life seems more like a kind of
process than a kind of substance. Furthermore, much
of the practice of artificial life research seems to pre-
suppose that life can be realized in a suitably pro-
grammed computer (see ref. 39 for a good recent
discussion of this). This raises a number of related
questions: Does the essence of life concern the mate-
rial out of which something is composed or the form
in which that material is arranged? If the latter, is that
form static or is it a process? If the latter, is that
process computational? Is the property of being alive
a functional property? Is it realizable in an indefinitely
long list of different material substrata? Could a com-
puter simulation of a living process ever be a realiza-
tion of life, that is, literally be alive?

Supple adaptation is a kind of process, not a kind
of stuff. Although this process cannot occur unless it is
realized in some material, and although it cannot be
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realized in just any kind of material, the range of
materials that can realize it seems quite open ended.
After all, even economic or intellectual systems can
exhibit supple adaptation. So, supple adaptation is
multiply realizable. What is essential to supple adapta-
tion is the form of interactions among the components,
not the stuff those components are made from. Thus,
what determines whether something is an instance of
the process of supple adaptation is whether the right
sort of functional structure is present. In other words,
the process of supple adaptation has a functional
definition.

Of course, the theory of life as supple adaptation
leaves room for secondary life forms, which would be
delineated by a more specific form of the second clause
of the definition on p. 394 above. But it would seem
that the clauses in such a definition will also specify
structural, causal, or functional conditions and rela-
tionships, and these will also be multiply realizable. So
the theory of life as supple adaptation construes life
entirely as a functional property. So, on this theory,
functionalism captures the truth about life. Further-
more, there is no evident reason why the functional
structure specified in the theory could not be realized
in a suitably structured computational medium. If so,
then a computer “simulation” of life could in principle
create a real, literally living entity.

A seductive misunderstanding arises at this junc-
ture. In claiming that supple adaptation can be realized
in a computational medium I am no# claiming that the
process of supple adaptation corresponds to a fixed
algorithm. What blocks this is supple adaptation’s
suppleness—its ability to respond appropriately to an
open-ended and unanticipatable range of contingen-
cies. The history of the so-called “frame problem” in
artificial intelligence illustrates the problem (see, e.g.,
the chapters in ref. 40). One could try to embody a
supple process in a fixed algorithm, along the lines of
traditional artificial intelligence’s use of heuristics,
expert systems, and the rest. But the empirical fact is
that these algorithms do not supplely respond to
an open-ended variety of contingencies (see, e.g., refs.
41-43). Their behavior is brittle, lacking the supple
sensitivity to context distinctive of intelligence. For the
same reason, the suppleness of supple adaptation
cannot be captured in a fixed algorithm.

Nevertheless, there is no evident reason why the
process of supple adaptation cannot be realized in a
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computational medium, provided there is a suitably
supple mechanism for changing the algorithms
involved. This is one of the first important lessons of
the field of artificial life. Vital processes typically are
supple; think of metabolism or the process of adapta-
tion itself. Successful adaptation depends on the ability
to explore an appropriate number of viable evolution-
ary alternatives; too many or too few can make adapta-
tion difficult or even impossible. In other words,
success requires striking a balance between the com-
peting demands for “creativity” (trying new alterna-
tives) and “memory” (retaining what has proved
successful). Furthermore, as the context for evolution
changes, the appropriate balance between creativity
and memory can shift in a way that resists precise
and exceptionless formulation. Still, artificial life
models can show a supple flexibility in how they bal-
ance creativity and noveltyJr4 because the underlying
algorithmic behavior is supplely shaped and reshaped
through the process of evolution. The key feature
behind the supple vital dynamics produced by genetic
algorithms'” and other supple mechanisms that under-
lie artificial life models is their “bottom-up” architec-
ture.” The supple dynamics is the emergent macro-
level effect of a context-dependent competition for
influence in a population of micro-level entities in
the model. The micro-level models are precise and
fixed algorithmic objects, of course, but their emergent
macro-level supple dynamics are not. For this reason,
supple adaptation can be realized as a nonalgorithmic
emergent macro-level effect of an algorithmic micro-
level process. Although the multiple realization of
supple adaptation implies that life has a functional
definition, the suppleness of this functional structure
implies that the process of life is not a fixed algorithm.
I have elsewhere called this special form of functional-
ism emergent functionalism.**

This line of thought identifies three factors that
fuel the puzzle about whether life depends on form or
matter. One is the inherent subtlety of the relationship
functionalism implies between form and matter; what
is essential to supple adaptation is a certain form of
process, but this form of process cannot exist without
being embodied in some matter. No doubt the mech-
anistic, reductionistic thrust of molecular biology,
fueled by the celebrated discovery of DNA’s double
helix and recently re-energized by the cloning of an
adult sheep, also contributes to the puzzle about

whether life is form or matter. The mistaken equation
of functionalism and computationalism is a third cause
of the puzzle. All of this helps explain why the puzzle
about whether life involves form or matter is so
animated.

Life and mind

A fourth puzzle is whether there is any intrinsic
connection between life and mind. Plants, bacteria,
insects, and mammals, for example, have various kinds
of sensitivity to the environment, various ways in
which this environmental sensitivity affects their
behavior, and various forms of interorganism commu-
nication. Thus, various kinds of what one could,
broadly speaking, call “mental” capacities are present
throughout the biosphere. Furthermore, the relative
sophistication of these mental capacities seems to cor-
respond to and explain the relative sophistication of
those forms of life. So it is natural to ask whether life
and mind have some deep connection. The process of
evolution establishes a genealogical connection
between life and mind, of course, but life and mind
might be much more deeply unified. For example, life
and mind would be strikingly unified if Beer (ref. 45,
p. 11) is right that “it is adaptive behavior, the ...
ability to cope with the complex, dynamic, unpredict-
able world in which we live, that is, in fact, fundamen-
tal [to intelligence itself]” (see also“Mg). Because all
forms of life must cope in one way or another with a
complex, dynamic, and unpredictable world, perhaps
this adaptive flexibility inseparably connects life
and mind. Resolving how, if at all, life and mind are
connected is one of the basic puzzles about life.

If mental capacities are adaptations produced by
the process of evolution, then the theory of life as
supple adaptation implies that mental capacities are
produced by life itself. Some view the evolution of
the mind as an entirely unpredictable historical acci-
dent®?; or as a plausible adaptation to environmental
complexityso; or as an almost inevitable consequence
of the evolutionary process—what Dennett calls a
“forced move.”*® All such views agree that the mind
is at most just one adaptation among many. Thus, this
line of thought implies that there is a geneological
connection between life and mind but it is not unique,
so life and mind have no intrinsic unity.
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This contrasts with Aristotle’s idea that there is a
deep unity between life and mind. Code and Moravcsik
(51, p. 130) explain Aristotle’s position as follows:

In the case of a living thing, ... its “psychological”

activity is the exercise ... of the various capacities
and potentialities . .. assigned to its soul.... [F/Jor
a living thing its natural/ physical actioity just is its

psychological activity. [emphasis added]

An analogously direct connection between life and
mind can be grounded on the theory of life as supple
adaptation, for one can view the mind as an expression
of essentially the same underlying capacity for supple
adaptation. It is well known that the emergent dynam-
ical patterns among our mental states are especially
difficult to describe and explain. An ineliminable
open-ended list of exceptions seems to infect descrip-
tions of all mental patterns, for which reason these
patterns are sometimes called “fluid”* or “soft”.’!
But there are different kinds of fluidity and softness.
Fodor®? and others have emphasized the functionalist
point that softness can result from malfunctions in the
material and processes implementing mental phenom-
ena. Horgan and Tienson®" have emphasized the
softness that results from the indeterminate results of
competition among a potentially open-ended range of
conflicting desires. But what is most relevant here are
specifically those exceptions to the rule that reflect our
ability to act appropriately in the face of an open-ended
range of contextual contingencies. These exceptions
occur when we make appropriate adjustment to contin-
gencies. Some people conclude that this supple capacity
for adaptive behavior is the defining feature of intelli-
gence or mind, 2 H46:46:48:49.54

This quasi-Aristotelian view construes the mind
as essentially the expression of a form of supple adap-
tation. Natural selection is not necessarily involved, for
Lamarckian selection or some other adaptive process
might do the trick. Rather, leaving aside the mechan-
isms of adaptation, my claim is that the process of
having a mind is something quite like the process of
being alive. So, the theory of life as supple adaptation
is naturally allied with the theory of mind as supple
adaptation. Just as the essence of life is the process that
generates the phenomena of life, for the same reason
the essence of mind is the process that generates intel-
ligent behavior. If life and mind are both produced by
basically the same process of supple adaptation, then
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the mind is not just one adaptation among many.
Rather, an essential feature of the mind is involved in
the explanation of all other local adaptations, so life
and mind could hardly fail to coexist. They exhibit the
strong continuity™ characterized by both exhibiting
the abstract pattern of supple adaptation. From the
perspective of the theory of life as supple adaptation
and the quasi-Aristotelian approach to the mind, it is
no wonder that people think that life and mind are
deeply connected.

A complete solution to the puzzle about the
connection between life and mind should also explain
why this connection is largely ignored today, especially
among philosophers. The theory of life as supple adap-
tation combined with the quasi-Aristotelian approach
to mind can blame this on Descartes. Contemporary
philosophy of mind is a culture deeply influenced by
Descartes. Descartes rejected the then orthodox
scholastic Aristotelian framework in favor of the
view that living substances have no essential connec-
tion with mental substances (except for the unmedi-
ated causal connection unifying each person’s mind
and body). Descartes focused on the intrinsic nature
of isolated living and mental substances, ignoring
the processes that created and sustained them, and
concluding that living substances were purely material
mechanisms while mental substances are essentially im-
material and spiritual consciousness. Today, even con-
temporary philosophy of mind that rejects Descartes’s
dualism of body and mind typically embraces con-
sciousness as the essence of mind and shares Descartes’s
unconcern about how living and mental substances are
produced. One testament to Descartes’s persistent
influence is the present difficulty of initially motivating
the puzzle about how life and mind are connected.

OPEN QUESTIONS AND
CONCLUSIONS

I offer no final and complete theory of life and no final
and complete solution to the four puzzles about life,
but I do defend the general form of the theory of life as
supple adaptation. My defense consists of showing the
theory’s promising and illuminating solutions to four
puzzles about life.

This defense highlights three open questions.
The first is to determine what, in the end, is the
best explanation of the salient phenomena and puzzles
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concerning life. Even if supple adaptation provides
good explanations of these matters, this leaves room
for other theories to provide better explanations. Our
final understanding of what life really is will turn on
which theory in the end provides the best explanations.

When we try to settle exactly how well supple
adaptation explains these matters, two more questions
arise. For one thing, this theory is no clearer than
the notion of supple adaptation itself, and there is
still much to learn about supple adaptation. For
example, not a single artificial evolutionary model has
unambiguously shown the sort of continually growing
supple adaptation evident in the biosphere,“’35
not even those models with unpredictably changing
selection criteria and an infinite space of genetic
possibilities, such as John Holland’s Echo,'” Kristian
Lindgren’s evolving strategies for infinite prisoner’s
dilemmas,15 and Tom Ray’s Tierra."® The problem
seems to be that no existing model creates a continually
unfolding accessible space of new kinds of adaptive
innovations. Synthesizing even one demonstrable
instance of continually growing supple adaptation
would profoundly advance our understanding of this
process. The task of producing and certifying such a
model falls squarely to the field of artificial life. If life
is supple adaptation, finding such a model is one of the
field’s most pressing current challenges.

Finally, even if our understanding of supple
adaptation were complete, we still would need to settle
how best to use it to define life. For example, we need to
determine the different ways in which different forms
of life can be explained by a supplely adapting system.
These details will replace the place-holding expression
“explained in the right way” in the definition given
above. We also need to decide what weight to place on
different mechanisms for producing supple adaptation.
Natural selection is one such mechanism, but there is an
open-ended variety of others (Lamarckian selection,
etc.). Once we have delineated all those mechanisms,
we will be faced with a choice: Is the primary
form of life supplely adapting systems produced
by any mechanism? Only by natural selection? The
way to settle this question, in the end, is to deter-
mine which choice provides the most illuminating
understanding of the phenomena and puzzles sur-
rounding life.

I intend the present discussion to establish two
main conclusions about the theory of life. The first is

methodological: The search for a theory of life is more
productive if it focuses on the best explanation of life,
including deep and persistent puzzles about life. This
methodology frees us from many traditional worries
caused by our current preconceptions about life, inclu-
ding worrying about necessary and sufficient conditions
for all and only living organisms. My second conclusion
is substantive: The theory of life as supple adaptation
deserves our serious consideration. To be sure, the theory
generates tension with our present preconceptions of
life, but this is no strike against the theory. Rival theories
are credible contenders only if they explain living phe-
nomena and resolve the four puzzles at least as well as
the theory of supple adaptation.
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