
Life is hard: countering definitional
pessimism concerning the definition of life

Kelly C. Smith
Departments of Philosophy &Religion and Biological Sciences, ClemsonUniversity, HardinHall, Clemson, SC 29634, USA
e-mail: kcs@clemson.edu

Abstract: Cleland and Chyba published a classic piece in 2002 that began a movement I call definitional
pessimism, where it is argued that there is no point in attempting anything like a general definition of life.
This paper offers a critical response to the pessimist position in general and the influential arguments offered
by Cleland and her collaborators in particular. One such argument is that all definitions of life fall short of an
ideal in which necessary and sufficient conditions produce unambiguous categorizations that dispose of all
counterexamples. But this concept of definition is controversial within philosophy; a fact that greatly
diminishes the force of the admonition that biologists should conform to such an ideal. Moreover, biology
may well be fundamentally different from logic and the physical sciences from which this ideal is drawn, to
the point where definitional conformitymisrepresents biological reality. Another idea often pushed is that the
prospects for definitional success concerning life are on a par with medieval alchemy’s attempts to define
matter – that is, doomed to fail for lack of a unifying scientific theory. But this comparison to alchemy is both
historically inaccurate and unfair. Planetary science before the discovery of the first exoplanets offers a much
better analogy, with much more optimistic conclusions. The pessimists also make much of the desirability of
using microbes as models for any universal concept of life, from which they conclude that certain types of
‘Darwinian’ evolutionary definitions are inadequate. But this argument posits an unrealistic ideal, as no
account of life can both be universal and do justice to the sorts of precise causal mechanisms microbes
exemplify. The character of biology and the demand for universality in definitions of life thus probably
accords better with functional rather than structural categories. The bottom line is that there is simply no
viable alternative, either pragmatically or theoretically, to the pursuit of definitions. If nothing else, the
empirical data the pessimists demand will be a very long time coming and scientists will of necessity continue
to employ definitions of life in the interim. Chastising them for this will only drive their ideas underground
where they can escape critical analysis, making the problems caused by problematic conceptions of life
worse.
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An introduction to definitional pessimism

“Too often, philosophers’ contributions to these questions seem
designed only to reduce the number of thoughts that people can
have, by suggesting that they have no right to some conceptions
that they have or think they have. But equally philosophy should
be able to liberate, by suggesting to people that they really have
a right to some conception, which has been condemned by a sim-
ple or restrictive notion of how we may reasonably think.”

- Bernard Williams

The publication of a much-cited article by Cleland & Chyba
(2002) marked the beginning of a cottage industry arguing
against the advisability of defining life – a movement I call def-
initional pessimism. Curiously, the authors admit not only the
importance of an adequate definition of life, but also the inev-
itability of scientists using this in certain situations:

“As science makes progress towards understanding the origin of
life on Earth, as laboratory experiments approach the synthesis
of life (as measured by the criteria of some definitions), and as

greater attention is focused on astrobiology and the search for
life onMars and Jupiter’s moon Europa, the utility of a general
definition grows. In particular, definitions of ‘life’ are explicit or
implicit in any remote in situ search for extraterrestrial life.”
(Cleland & Chyba 2002, p. 387)

Nevertheless, they express grave reservations about the possi-
bility of formulating anything like an acceptable general defin-
ition, given our current state of knowledge.
Cleland and her collaborators are certainly not the first or

only ones to express such sentiments (see Pirie 1937; Keosian
1974; Chyba & Mcdonald 1995; Frey 2000; Machery 2012)1,
but they are by far the most prolific defenders of the position,
with more than a dozen papers and two books in recent years
expanding on the pessimistic theme (Cleland & Chyba 2002;
Cleland 2004; Cleland & Copley 2005; Cleland 2006; Cleland
& Chyba 2007; Cleland 2007; Davies, et al. 2009; Bedau &

1 See also Mix 2015 for an assessment of this trend from a more opti-
mistic point of view.
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Cleland 2010; Cleland & Chyba 2010; Cleland 2012; Cleland
2013a, b, c; Cleland & Zerella 2013; Cleland forthcoming).
As a philosopher, Cleland is also typically more detailed and
explicit in her arguments than other commentators, which
makes focusing on her work a useful technique to gain insight
into the pessimist mindset.
The 2002 paper is a beautifully concise statement of the core

pessimist position. It lays out two sorts of arguments in brief,
one philosophical and one pragmatic. Philosophically speak-
ing, Cleland and Chyba claim that what we want in an ideal
definition is an unambiguous way to differentiate categories
of objects, in this case living and non-living entities. They
claim that only when we can specify necessary and sufficient
conditions that draw unambiguous lines between the groups
in question have we met the minimum criterion for a scientific
definition. This requirement makes it possible to have confi-
dence that we have delineated what philosophers call a natural
kind – that is, a reality independent of human convention.
Conversely, to the extent that our putative definitions collect-
ively fall short of this ideal, they conclude that science is not yet
ready to, in the words of Socrates, ‘carve nature at the joints,’
and thus we should abandon attempts to formulate a
definition.
To illustrate this point, we are invited to consider the ex-

ample of alchemy. Before we understood that water is really
H2O, there was no way to cleanly disambiguate it from other
compounds like nitric acid. The idea is that we are in much the
same position at present with respect to understanding life: we
can string together superficial properties, but have no real un-
derstanding of the fundamental nature of the thing we are try-
ing to define. Thus, the ‘definitions’ of life one finds in the
literature are better at elucidating the biases of individual re-
searchers than uncovering reality. As evidence for this sad
state of affairs, Cleland and Chyba point out that all candidate
definitions are subject to ‘robust counterexamples,’ which they
claim would not be the case if the definitions correctly de-
scribed a true natural kind. Definitions of life that focus on
evolution are singled out for particular scrutiny in this regard,
with the resulting conclusion that they cannot, in principle, ac-
commodate two sorts of counterexamples:
1. Weird life forms like those we see in Dyson’s (1985) double

origin theory, which would be have to be classified as non-
living because they are not ‘Darwinian.’

2. Sterile organisms like mules, since they cannot reproduce
and thus could not count as evolving entities.
As a final consideration, Cleland and Chyba point out that

any evolutionary definition will be very difficult to operation-
alize, echoing Fleischaker’s (1990) worry about how long we
would have to observe a candidate system to verify whether
it is in fact alive in an evolutionary sense.
I will address these arguments and their variations in some

detail in what follows, but I want to foreshadow what is to
come with an initial set of responses I suspect have occurred
to many of those who read the 2002 paper:
1. It is not clear whether entities like the ones Dyson hypothe-

sized ever existed and, even if they did, it does not follow
that our failing to describe them as alive is a problem.

After all, any account of the origin of life will have to
draw the line between living and non-living entities
somewhere.

2. To intimate that we should consider systems like Dyson’s
alive clearly implies some concept of what life is, which
strikes a discordant note in an argument against the advis-
ability of any attempt to define life.

3. Using intuitive examples of life (mules, etc.) to make the
point that we cannot define life is highly problematic. If
we are interested in determining what counts as alive in a
scientific sense, then themere fact that a proposed definition
does not accord with intuitive, pre-scientific concepts
should not carry much weight.

4. If the ultimate goal is to discover the ultimate reality hidden
beneath observable properties, why is the ease with which
we can confirm our account critically important? To be
sure, it would be a major problem if elements of a definition
were unobservable in principle, but here the worry is simply
that operationalizing an evolutionary definition might be
more time consuming than we would prefer.
In many ways, the subsequent articles by Cleland and her

collaborators merely elaborate on the themes of this initial
paper. In what follows, therefore, I will examine each of
these arguments in more detail.

What is a definition?

“Persistent demands for rigor, clarity and verifiability some-
times scare ideas out of existence before they have a chance
to come to fruition.”

- Bertalanffy and Rappaport

I must spend some time addressing the philosophical argument
concerning the nature of definition, though I will try to sail on
these deep waters without imposing too greatly on the philo-
sophical abilities of my readers. This kind of argument is hard-
er to counter than others as the concepts are so complex they
have been the subject of philosophical debate for thousands of
years. To the extent they are taken seriously by the scientific
community, I suspect it is largely because they are assumed
to be philosophically uncontroversial – it is a bold biologist in-
deed who is willing to contend with the entire philosophical
community on their home turf. Yet the actual state of affairs
is more complex.
I certainly allow that the concept of definition Cleland advo-

cates is a traditional one in philosophy of language and logic,
with a supporting literature far too vast to summarize here.
Fortunately, however, I need only to establish a modest
claim usingmodest evidence: this concept of definition is philo-
sophically controversial. The debate is perhaps best captured in
a recent exchange between Boyd (1991) and Hacking (1991).
Hacking defends a view similar to the pessimists’, arguing
that a natural kind (at least on a certain idealization) should:

. . .be defined by a set of necessary and sufficient properties (re-
lations, etc.) such that, (i) the possession of these properties is,
as a matter of fact rather than of logic, indicative of a very large
number of other methodologically interesting properties and
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such that, (ii) these defining properties are natural rather than
social properties. (Boyd 1991, p. 127)

So Hacking, like Cleland, believes a natural kind is an entity
picked out by clear necessary and sufficient conditions that
are not themselves influenced by folk or socially based concep-
tions. If you accept this view, then youwill expect any adequate
definition to meet with near universal acclaim and encounter
few anomalies to complicate its boundaries, which explains
why the existence of ‘robust counterexamples’ is so damning
in the pessimists’ eyes.
Boyd, on the other hand, gives eloquent voice to a growing

number of philosophers who reject this traditional account, ul-
timately concluding that:

“. . .whether one accepts a realist or an empiricist diagnosis of
the theory dependence of method, there are very good reasons
for extending the conception of natural kind to include all
property-cluster or social kinds reference which play any signifi-
cant role in induction or social explanation.” (Boyd 1991,
p. 134)

Thus, for Boyd, scientific classification is a profoundly theory-
dependent activity and natural kind definitions should not be
seen as static, but revisable in the light of new knowledge. If
you accept this account, a good definition can still encounter
significant opposition in the form of counterexamples because
what it does, at least in part, is reflect socially constructed con-
cepts. At first blush, it might seem that such a view is giving up
on the task of identifying the ultimate reality behind our folk
understanding, but it may in fact be the best way to capture
that reality. To illustrate this point, Boyd discusses the concept
of a species:

“The paradigm cases of natural kinds – biological species – are
homeostatic cluster kinds. The appropriateness of any particu-
lar biological species for induction and explanation in biology
depends upon the imperfectly shared and homeostatically re-
lated morphological, physiological and behavioral features
which characterize its members. . .The necessary indeterminacy
in extension of species terms is a consequence of evolutionary
theory, as Darwin observed: speciation depends on the existence
of populations which are intermediate between the parent spe-
cies and the emerging one. . .Any “refinement” of classification
which artificially eliminated the resulting indeterminacy in clas-
sification would obscure the central fact about heritable varia-
tions in phenotype upon which biological evolution depends and
would be scientifically inappropriate and misleading.” (Boyd
1991, p. 142)

In other words, any attempt to create an orderly categorization
of inherently messy biological categories by imposing a rigid
concept of natural kinds will misrepresent reality. Evolution
may regularly produce the kinds of categories that fail to satisfy
our psychological needs but, as the saying goes, ‘such is life.’
Cleland responds directly to Boyd’s approach in another art-

icle, saying that he:

“. . .is thus using the term ‘definition’ in a nonstandard way. The
important point for our purposes is that the pertinent

homeostatic property clusters are not determined solely by
means of an analysis of the concept that we associate with a nat-
ural kind term, and thus the use of the term ‘definition’ is mis-
leading.” (Cleland 2012, p. 136)

Taking another philosopher to task for using terms in a non-
traditional way is justified to some extent, since philosophers
should at least pay homage to their shared conceptual history.
However, Boyd can easily respond by arguing that the point he
is trying to make is ultimately that the standard account of def-
inition is problematic and thus we should change the way we
talk about definition. To respond to this by complaining that
the argument does not use the standard notion of definition
runs the real risk of begging the question2. In any event, how-
ever one views the state of play within philosophy on these
points, the fact that there is significant controversy among phi-
losophers greatly weakens the force of the prescriptive claim
that biology must conform to a particular philosophical ac-
count of definition.

Biology is different from physics

“Nothing in biology makes sense except in the light of evolu-
tion.”

- Dobzhansky

Tension between the models of science put forward by philoso-
phers and the practices of actual biologists is nothing new.
Traditionally, philosophy of science has focused primarily on
physics as the ideal of scientific practice (Hempel 1966,
Cartwright 1980). The requirement that any adequate defin-
ition must include clean necessary and sufficient conditions
for membership in a category may not seem unduly strict
when discussing electrons (though even here there are compli-
cations), but it is been argued that biology is fundamentally dif-
ferent in this regard (Mayr 2007; Rosenberg & McShea 2007).
That is, following Boyd’s suggestion, biological categories like
species may be messier in principle than the stock examples
from logic and the physical sciences lead us to expect.
Let us revisit the concept of a species. Species are absolutely

central to biological science, yet ever since Darwin, people
have debated just what a species actually is (Mishler &
Donoghue 1982; Ghiselin 1987; Mayden 1997). The situation
is similar to the one we see with definitions of life – every pu-
tative definition has counterexamples and there are various
camps, each pushing its own view. For example, the traditional
biological species concept stipulates that a species must be re-
productively isolated (Donoghue 1985; Mayr 2000; Noor
2002). This is still probably the most popular notion among
biologists in general, despite the fact that most recognized spe-
cies do not meet this requirement. Yet biology functions just
fine despite this definitional heterogeneity – indeed, debates
about the proper definition of a species have driven research
that has greatly enriched biological theory, as with

2 There are times when it seems the pessimists are simply debating who
has the right to use the word ‘definition’ to describe their activities, but to
the extent this is merely a semantic debate, it is not worthmuch attention.
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investigations into the possibility of (sympatric) speciation in
the face of gene flow (Dieckmann & Doebeli 1999; Via 2001).
Of course, one could always conclude that, since biology

fails to live up to our philosophical ideals, it is not really a sci-
ence. Certainly much ink has been spilled in philosophy of sci-
ence bemoaning the lack of truly universal laws in biology, a
fact often taken to cast doubt on its scientific bona fides
(Cooper 1996; Elgin 2006). Fortunately, this kind of concep-
tual imperialism has fallen out of favour in recent years as
we recovered from the hangover of logical positivism and phil-
osophy of biology came into its own. Most philosophers of sci-
ence now seek to modify their philosophical conception of
science to fit biology rather than the other way around.
So are there good reasons to think that biological explan-

ation is different from explanation in the physical sciences?
In a word, yes. There are two basic reasons for this, the first
having to do with the complexity of the phenomena being ex-
plained. Relative to biology, the definitional task facing phys-
ics is simple: there are a manageable number of fundamental
physical particles that interact according to a manageable
number of fundamental physical laws to produce a manage-
able suite of behaviours in, say, an atom. However, as we pro-
gress up the levels of organization, through chemistry to
biology and beyond, scientists are forced to deal with larger
and more diverse casts of characters, possessing more and
more degrees of freedom. As the number of interactive permu-
tations grows, the boundaries between the categories they cre-
ate also begin to blur3. So while there is (at least arguably) only
one way to ‘be an electron’ there are many, many more ways to
‘be alive,’ or to ‘be a dog.’
But there are also reasons to think the fuzzy boundaries be-

tween biological categories are not simply the result of com-
plexity. As Dobzhansky and many others have observed,
biology and evolution are conceptually inseparable – a fact
that helps explain the popularity of the evolutionary definitions
the pessimists single out for special attention. Evolution is not
like the strong nuclear force – it is an inherently stochastic pro-
cess, driven by random variation. Thus, it is literally not pos-
sible to have evolution without first having variation. If
biology depends on evolution, and evolution depends on vari-
ation, we should not expect cleanly distinguishable biological
entities. Biology, as anyone who has tried to identify organisms
in the wild from a field guide understands, blurs all lines.
Another uniquely biological consideration is that natural se-

lection exerts its influence on the basis of functional character-
istics and does not ‘see’ the causal structures making these
functions possible. A harmless butterfly that mimics a poison-
ous cousin will do well, not because of the biochemical details
of its pattern formation system, but because of the functional
effect such a system produces: mimicry. The functional nature
of biological explanation causes two additional complications

for anyone wishing to impose clean necessary and sufficient
conditions on biology. First, it is inherently difficult to give a
precise account of just what we mean when we talk about func-
tions (Allen & Bekoff 1995; Wouters 2003). Second, given the
enormous complexity and diversity of biological mechanisms,
there will usually be many specific causal mechanisms that can
produce a given function (hence evolutionary phenomena such
as convergence).

The tension between universality and mechanism

“It is the mark of an educated mind to rest satisfied with the de-
gree of precision which the nature of the subject admits and not
to seek exactness where only an approximation is possible.”

- Aristotle

Gayon (2010) observed that definitional pessimists seem to feel
more comfortable with amechanistic approach. The basic idea
here is that to explain a phenomenon is to give an account of a
detailed causal account (a mechanism) capable of producing it.
While Cleland never explicitly identifies herself as mechanist,
many of her claims seem to imply something of the sort4.
For example, in several places, Cleland intimates that part of
the job of a proper general theory of living systems is to specify
a causal system that encompasses the biochemical details of in-
heritance and metabolism:

“. . .some of the molecular building blocks of proteins and nucle-
ic acids could have been different. Indeed, it is an open question
as to whether all life (wherever it may be found) is constructed
of proteins and nucleic acids. This question is difficult to answer
outside the context of a general theory of living systems, some-
thing that we currently lack.” (Cleland & Copley 2005, p. 166)

Similarly, her insistence on microbes as counterexamples to
evolutionary definitions of life is motivated largely by the
fact that their detailed mechanisms of inheritance and bio-
chemistry are different from those of multicellular organisms.
While I certainly do not want to deny that being able to de-

scribe the detailed causal mechanism behind a phenomenon is
an excellent indicator that we understand its causal basis, being
able to do this should not be considered a necessary condition
for scientific explanations. One reason for this is that some
questions are simply too general to allow for such answers in
principle. Take the case of astrobiology: the pessimists rightly
point out that any definition of life must be capable of encom-
passing the enormous diversity of living systems we are likely to
encounter elsewhere in the universe. What they seem not to ap-
preciate, however, is that there is an ineliminable tradeoff be-
tween universality and specificity. If what you seek is an
account of life that can cover all life in the universe, then it

3 The states of any digital signal will be easier to differentiate cleanly
than a similar analogue one by virtue of the relatively limited number
of states its components can adopt. Thus, polygenic traits tend to pro-
duce continuous variation, while single gene traits produce highly dis-
crete phenotypes.

4 At a recent conference, Eörs Szathmáry responded to Cleland’s pres-
entation that we should seek a minimal definition of life, which would of
necessity be fairly abstract. Cleland replied by saying that such a descrip-
tion would be ‘too high level’ and that the real problem is ‘getting mole-
cules to do what you want.’ Szathmáry ended the exchange with the
Bernard Shaw quip, ‘Although I cannot lay an egg, I am a very good
judge of omelets.’ (Smith 2015).
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must be quite general, since a strong demand for mechanical
specificity can only be satisfied by imposing non-universal
boundary conditions. Thus, the biochemical mechanisms of
life on Earth are made possible only by boundary conditions
such as the existence of oxygen and liquid water that may
not shape life elsewhere in the universe.
This tradeoff between universality and specificity seems to

be a perfectly general problem that applies to the physical
sciences as well. Chemistry is the paradigm example of a sci-
ence whose basic theory is mostly structural, which is part of
the reason the pessimists use the emergence of chemical theory
from alchemy as their inspirational story. But imagine asking a
chemist to describe a ‘universal chemistry’ applicable to all re-
actions that might occur anywhere in the universe. Since she
cannot assume the existence of any particular kinds of mole-
cules, temperature regimes, ambient pressures, etc., she could
only describe chemical possibilities at a very high level of ab-
straction. There are universally true things she can say, of
course, but they will revolve around highly general, non-
structural properties (e.g., basic thermodynamic considera-
tions). The richly detailed chemical mechanisms learned in
an organic chemistry class on Earth are not sufficiently robust
to make the cut. In short, an account that is at once highly spe-
cific and highly general is simply not possible.
It can even be argued that part of our difficulty in finding an

adequate definition of life may lie in our emphasis on causal
detail over more general, functional properties. Allow me to
briefly consider a variation of Putnam’s (1975) famous ‘twin
earth’ thought experiment to explore this claim. Imagine we
discover an alien world that has a complex ecosystem much
like ours, at least in broad functional terms. They have evolved
millions of different species, both single celled and multicellu-
lar, that form excruciatingly complex ecosystems. They have
predation, competition, nutrient cycling and many of the
other general characteristics we see in terrestrial life. Of course,
there is nothing exactly like a human or a dolphin or an
Escherichia coli, though there are sometimes organisms that
fulfil generally similar roles in generally similar ways.
Further, let us suppose it turns out that the aliens have funda-
mentally different causal mechanisms underlying these func-
tional similarities. Not only do they not have nucleic acids or
proteins, they do not possess complex organic molecules at all.
Instead, they utilize some truly exotic form of chemistry no-
body on Earth had ever even speculated about as a potential
basis for life. Now ask yourself, ‘Are these entities alive?’
If you believe the details of the causal structure are essential

to the definition of life, then you have two basic choices. First,
you could say they are not alive – or perhaps that they are not
alive in the same way as terrestrial organisms. Second, you
could reserve judgment until we understand more about the
comparative chemistry. In either case, the basic assumption
is that the question of living status hinges on highly specific de-
tails about their chemistry, which seems a very odd claim. After
all, the salient feature of the situation seems clearly to be that
these organisms do all kinds of things we associate with living
beings, and at a high level of complexity. The fact that their
chemistry is different is a side note, though of course a

scientifically interesting one. My guess is that most biologists
would immediately grant that these aliens are alive, which
shows that they think about life, when push truly comes to
shove, more in terms of broad functional properties thanmech-
anical details5. To be sure, they will also want to study these
mechanisms to learn how these organisms are alive, but they
are unlikely to consider the precise biochemical details ger-
mane to the question of whether they are alive.
So to the extent that we believe biological categories are in-

herently functional, we should be wary of too much causal de-
tail in our definitions. Cleland clearly does not think much of
this possibility, however:

“The notion that these [functional] characteristics provide the
best candidates for essential properties of life rests upon the as-
sumption that life is a functional as opposed to compositional or
structural kind. But there is little empirical evidence to support
the assumption that life is a functional kind. For all we know
these pervasive functional characteristics of contemporary
Earth life represent unreliable symptoms of more fundamental
but as yet unknown properties of life.” (Cleland 2012, p. 130)

Perhaps life is not a functional kind, of course – that question is
beyond the scope of this paper. But the hypothesis that the es-
sence of life is structural seems no better supported empirically.
Indeed, the lack of a unified account of life, despite the enor-
mous emphasis placed on elucidating structural details in mod-
ern biology, at least suggests that we may be looking in the
wrong place. Cleland herself admits this, and even hypothe-
sizes that the key to a general definition of life may be some
property unknown to modern biological science:

“We also can’t rule out the possibility that the most important
characteristics of life have yet to be discovered. The character-
istics traditionally held up as essential to life may be little more
than potentially unreliable symptoms of more fundamental but
as yet unknown properties.” (Cleland 2007, p. 849)

Since biology has no analogue to the hidden variables proof of
quantum physics, this is certainly a possibility. In the absence
of any good evidence one way or the other, it seems more likely
that life is inherently functional and thus the messiness is inher-
ent, than that there is a mysterious factor which will one day
make all the messiness vanish. But time will tell.

The alchemy analogy

“Philosophy of science without history of science is empty; his-
tory of science without philosophy of science is blind.”

- Imre Lakatos

The pessimists use an analogy between alchemy and attempts
to define life that has a powerful intuitive appeal. The basic
problem with alchemy, according to Cleland, is that it lacked

5 Our intuitions might be different if these creatures turned out to be
something like biological robots created by another intelligent species,
etc. But we can avoid such counterexamples (if wewish) simply by requir-
ing that entities have evolved to act as they do. Note that this is another
functional, as opposed to mechanical, requirement.
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an adequate theoretical account of its objects of study.
Alchemists therefore lumped together very different kinds of
compounds, believing for example that ordinary water and ni-
tric acid were the same sort of thing:

“Lacking recourse to molecular theory, the alchemists, who
were medieval chemists, chose solvency as the essential property
of water, and as a consequence identified chemical substances,
for example nitric acid, that we now know are not water as
water; it is not an accident that they called nitric acid ‘aqua’ for-
tis.” (Cleland 2007, p. 849)

The ‘water’ the alchemists described was thus not a natural
kind existing independently of their theories, but rather a cat-
egory of convenience, lumping together what we know now to
be very distinct kinds of things. The idea is that the alchemists
were so ignorant that they considered the two to be essentially
the same, which is why they used the term ‘aqua’ to describe
both.
This certainly sounds like a damning error. But the way we

think of classification here draws on our modern conception in
a way that is very unfair to the alchemists. Consider the seem-
ingly simple question, ‘Did the alchemists believe that nitric
acid was the ‘same thing’ as water?’ It is actually hard to say,
precisely because most alchemists did not have a corpuscular
theory of matter. Whatever they meant by ‘water’ was there-
fore not the same as our modern conception and, in particular,
was not tied to the kind of detailed structural account amodern
chemist relies on. The primary mechanism of classification in
alchemy was functional: compounds were grouped largely on
the basis of shared functional properties. For example, aqua
regia (‘noble water’ – a highly corrosive mixture of nitric and
hydrochloric acids) was so called because it was able to dissolve
the ‘noble’ metals (gold and platinum).
Given this, how should we characterize the alchemists’ un-

derstanding of the relation between water and aqua regia?
Let us look at what they knew about aqua regia. They knew
that, unlike ordinary water, it was produced in a complex pro-
cess of synthesis that requiredmany different compounds other
than water. And they knew that it had highly unusual proper-
ties that ordinary water does not – namely (in this case quite
literally) that it was highly corrosive (Rasmussen 2014). On
the other hand, they also realized that it shared properties
with water: it was liquid, permeable to light, dissolves the
things water dissolves, etc. The fairest thing to say is probably
that they recognized water and aqua regiawere very different in
many ways, but they also recognized that they were similar in
some ways. That is why they differentiated them, but with re-
lated names. To imply that they thought water and aqua regia
were the same thing in a strong sense is thus clearly unfair.
Surely any alchemist worth his salt would have interceded if
his patron proposed taking a bath in aqua regia, and for
good reasons he could explain6.

It is something of a theme for this paper that it is often hard
to define categories cleanly, and ‘alchemy’ is certainly no ex-
ception. Historically, what constitutes alchemy and what (if
any) core beliefs its practitioners shared is extremely compli-
cated. If wewish to be historically accurate, we cannot separate
the unscientific practices of alchemy from the science of chem-
istry as neatly as Cleland’s analogy implies. Alchemy is prob-
ably better thought of as an early stage in the development of
chemistry than as an unscientific opponent vanquished by the
advance of scientific method. Newman & Principe (1998)
argue that the boundary between chemistry and alchemy was
‘extremely diffuse at best’ and thus recommend an entirely new
term (alchymy) for the practices of this period to ward against
our tendency to oversimplify, particularly in ways that flatter
modernity (see also Fors 2015).
It is not even possible to cleanly divide individual practi-

tioners of alchemy into the scientifically astute and the hope-
lessly naïve. Consider Tycho Brahe, the 16th century
astronomer and alchemist. On the one hand, he has been de-
scribed as “the first competent mind in modern astronomy to
feel ardently the passion for exact empirical facts” (Burtt
1925). He is rightly lauded for the exacting care he took with
his astronomical observations, which were far more accurate
than those of his contemporaries. If we picture Brahe as a
man struggling to make extremely precise measurements of
the positions of celestial bodies, he seems thoroughly scientific.
But this very same Brahe was also an ardent astrologer and is
said to have employed a household dwarf to predict the future.
If we focus instead on these beliefs, he seems very far indeed
from a modern scientist. So if one asks, ‘Was Tycho Brahe a
scientist?’ the only adequate answer is the unsatisfyingly am-
biguous, ‘That depends on what you mean by scientist.’
Similar things could of course be said of other scientific lumi-
naries such as Sir Isaac Newton, which really should not be so
surprising, since the boundaries of social categories, like those
of biology, tend to be blurry.
Finally, there is a strand of history and philosophy of science

that believes we focus far too much on the grand theories of sci-
ence (e.g. atomic theory) when we tell our histories (Ihde 1991;
Davis 1993). The fact of the matter is that much of our scien-
tific progress owes more to the development of techniques and
equipment than to theory. Certainly in this respect, the alche-
mists deserve enormous credit, as chemistry would have had
very little data to work with if not for the discoveries of genera-
tions of alchemists who preceded them. To again take up the
example of aqua regia, it was not possible to prepare highly
concentrated acid solutions until the invention of the retort
in the early 14th century. Alchemists had to first develop,
through a long series of prototypes, the equipment to produce
such solutions. Then they conducted further experiments using
this equipment to create a whole range of different compounds,
including aqua regia. Finally, they experimentally determined

6 Indeed, it is tempting to push a point and defend the alchemists’ ter-
minology further by pointing out that, even with a modern conception of
chemical composition, they had a point when they classified aqua regia
as a kind of water. With the exception of the fuming acids, which contain

no water at all and were far beyond the capabilities of the alchemists to
produce, acids are typically aqueous solutions. Therefore, a philosopher
who says, ‘Nitric acid is HNO3’ is putting forward an idealization that
does not match the ordinary usage of even a modern chemist.
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the various properties of the compounds and used these prop-
erties to classify them as best they could. Was this enough to
make them scientists in the modern sense? No – but neither
were they merely superstitious dabblers.
Let us set aside worries about historical accuracy at this

point and assume for the purposes of argument that a clean
division between the unscientific alchemists and the scientific
chemists makes sense. Even then, the pessimists’ joy will be
short lived, because the very fact that one group is scientific
and the other unscientific undercuts the analogy. Analogies
only work to the extent that they compare similar things – if
two things are similar in many aspects we can confirm, it
seems reasonable to assume that they are probably similar in
other ways we cannot confirm. On the other hand, the more
different the things being compared are, the less reasonable
the assumption of conformity becomes – logicians call this
the problem of analogy.
In this case, alchemy and attempts to define life are similar in

their inability to come to a clean consensus concerning the ul-
timate nature of the objects they are studying. The pessimists
would thus have us conclude that the prospects of an adequate
scientific definition of life today is no better than the prospects
for an alchemical definition of matter were 400 years ago7. But,
whatever we think of the scientific status of alchemy, the new
fields in biology that are pushing to define life are clearly scien-
tific in the fully modern sense. Investigators in these fields are
trained in traditional scientific disciplines and pursue serious
scientific investigations using the same types of methods
other scientists employ.Most critically, they have explicitly dis-
avowed the pre-scientific metaphysical views alchemists often
espoused – rejecting, for example, non-natural forces as legit-
imate explanatory tools. So the analogy to alchemy is intuitive-
ly powerful for the same reason it is unfair: modern biologists
should not be labelled ‘unscientific.’

The analogy of planetary science and the N = 1
problem

“Life is made up of a series of judgments on insufficient data,
and if we waited to run down all our doubts, it would flow
past us.”

– Learned Hand

I would like to suggest a more realistic analogy for modern at-
tempts to define life: the state of planetary science 25 years ago.
Just as with the disciplines pushing to define life today, planet-
ary science then was being done by investigators with a fully
modern scientific outlook. But it also faced problems very simi-
lar to those life researchers confront today.
One basic problem biologists thinking about definitions of life

have is a very limited data set. This is often described as the N= 1
problem, since all the various forms of lifewe knoware descended
from a single origin event and thus can, in some sense, be

described as a single data point. Planetary science was in much
the same boat until 1992, since we had not confirmed the exist-
ence of even a single planet outside our own Solar System. Of
course, we had (limited) access to our neighbouring planets,
and these were studied as extensively as we could. Still, there
was an important sense in which the datawas clearly inadequate,
since any honest planetary scientist would have to admit that the
data available was too limited to allow truly robust tests of the-
ory. It was thus an open question as to how well planets in other
systemswould conform to the theories of planetary science. So to
the extent theN= 1 problem exists now for biologists attempting
to define life, it existed then for planetary science.
This all began to change with the confirmation of the first

extra-solar planet. Since then, we have discovered some 2000
exoplanets and learned a great deal concerning planetary distri-
butions and diversity. For example, we now know that rocky
worlds like Earth are more common than we thought, habitable
zones are larger than anticipated and more planets are in ‘un-
usual’ orbits (Winn & Fabrycky 2015). We have even found
cause to tweak our definition of a planet, with the resulting de-
motion of Pluto8. So we certainly know much more about pla-
nets now than we did 25 years ago. On the other hand, this looks
much more like incremental progress than revolution. What we
have done is fill in some of the details underlying the general the-
ory of planetary science, but in ways that have not really caused
us to reassess the accuracy of what we knew before in any fun-
damental way. Nobody has questioned whether planetary sci-
ence prior to 1992 deserved to be called ‘science’ or suggested
that earlier attempts to define a planet were philosophically mis-
guided because they lacked an adequate empirical basis. Indeed,
the real story here is the extent to which planetary science, for all
its difficulties, got things right.
There is a reason for this that is instructive: planetary science

was based, not just on simple induction from observing planets
near us, but on theoretical extrapolations from many other sci-
entific disciplines. For example, a spherical shape was part of
the definition of a planet not simply because we noted all the
solar planets happened to be spherical, but because our knowl-
edge of material science and physics led us to conclude that any
sufficiently large body formed by orbital accretion would
adopt a spherical shape under the influence of gravity.
Deciding to add the stipulation that a true planet must clear
its orbit of debris thus did not shake the core of the theory.
There is every reason to expect something similar as synthet-

ic and astrobiology expand our data set of living systems.
Biology is based on evolution and the general theory of evolu-
tion draws on a number of related disciplines in ways that con-
firm its general predictions. As a consequence, while there is
little doubt we will discover a wealth of new detail concerning
how living systems can work, there seems little reason to expect
our basic conception of how life comes to be will be fundamen-
tally altered. For example, there are good reasons to think that
any natural system we might be tempted to describe as alive

7 And perhaps also that the reason for their failures is the same: an in-
adequate account of the mechanical details underlying the functional
properties used in classification.

8 An excellent discussion of the difficulties surrounding scientific classi-
fication in general and the case of Pluto in particular can be found in
Dick 2013.
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must share functional properties that have long held pride of
place in our definitions, such as the capacity to metabolize
and evolve. As long as these are described at a sufficiently
high level of generality, there seems no reason to expect they
will prove unrepresentative of life elsewhere. One way to put
this is that the idea that life beyond Earth will be fundamentally
different than terrestrial life should be treated like any other hy-
pothesis for which we require evidence. The fact that the uni-
verse will likely be very diverse in its details is not good
evidence that it will be as diverse in more general properties.
Like most pessimists, Cleland makes much of the N= 1

problem:

“One cannot safely generalize to all life, wherever and whenever
it may be found, from a sample of one. To do so would be a bit
like trying to come up with a theory of mammals based solely on
observations of zebras. It is unlikely that someone faced with
this task would focus on their mammary glands because they
are characteristic only of the females. A more plausible candi-
date would be their ubiquitous stripes. Yet as biologists have dis-
covered, the mammary glands of female zebras are far more
relevant to their nature as mammals than their stripes.”
(Cleland 2013b, p. 370)

While it is probably true that we could not learn much from a
single zebra, a persistent biologist might be able to learn a sur-
prisingly amount from a population of zebras. The bottom line
is that, the more inclusive the data set becomes, the more vari-
ation it represents, and thus the more it reveals about the evo-
lutionary dynamics of the system which created it. So rather
than calling life on Earth a single data point, it is much more
accurate to call it a single data set. Data sets, for example a
population of zebras, can exhibit significant variation of the
sort needed to support scientific generalizations, though of
course we never know for certain whether these can be safely
universalized. When scientists had only Earth to study, their
ability to extrapolate to the characteristics of planets in general
was severely constrained. But by modern times, we had a data
set that included dozens of planets and similar bodies with very
different characteristics, greatly improving the prospects of
correctly identifying universal principles.
To expand on Cleland’s thought experiment, what might a

biologist discover if she had not just a population of zebras,
but the entire genus Equus to study? It is not at all clear that
she would not be able to deduce how zebras came to be, at
least in very broad strokes, from such a data set. Now consider
the actual situation we face inmodern biology – biologists have
something on the order of 7–10 million species to work with
(Sweetlove 2011). There may well be aspects of evolutionary
dynamics not captured in such a data set, but to call the
whole of terrestrial life a sample of one is a stretch.

Microbes as exemplars

“For the first half of geological time our ancestors were bac-
teria. Most creatures still are bacteria, and each one of our tril-
lions of cells is a colony of bacteria.”

- Richard Dawkins

Cleland and her colleagues talk a lot about the importance of
studying microbes for insights into the nature of life. It is thus
worthwhile to look at three types of claims they put forward
here to gain further insight into their position. First, there is
the claim that, to the extent wemust extrapolate from the avail-
able terrestrial evidence, we are well-advised to focus on mi-
crobes. As Dawkins notes, microbes were the only life on
earth for most of its history, and even today they vastly out-
number their multicellular cousins. Thus, it seems reasonable
to use microbial life as our basic template for alternate forms
of life, whether in space or the laboratory. This is certainly an
unobjectionable point – indeed, that is the problem. Pretty
much everyone seriously engaged in thinking about the nature
of life already accepts this as a given. The question is thus not
whether a microbial focus is warranted, but rather exactly how
such a focus impacts our conception of life.
Cleland and her collaborators argue that focusing on mi-

crobes changes everything because they introduce all kinds of
‘weird’ biological mechanisms like lateral gene transfer. For
example, they argue that, if we really take the microbial ex-
ample seriously, we cannot defend a traditional Darwinian ac-
count of life. Consider Cleland’s discussion of Carl Woese’s
musings on the origin of life:

“These proto-cells could not evolve in a Darwinian fashion be-
cause they lacked the sophisticated genetic apparatus of modern
cells, viz., the complex cooperative arrangement between pro-
teins and nucleic acids as mediated by ribosomes. . .Regardless
of whether one is sympathetic with the details of his account,
Woese is almost certainly correct in rejecting the claim that
the complex cooperative arrangement between proteins and nu-
cleic acids—the molecular foundation for the phenotype–geno-
type distinction so important to Darwinian evolution by natural
selection as traditionally understood—emerged full blown at
the time that life originated.” (Cleland 2013b, p. 377)

Perhaps it will come as no surprise at this point that responding
to this objection involves us in more terminological fuzziness.
This is unfortunately unavoidable, since what ‘Darwinian’
means varies greatly from one author to another. Some use it
as shorthand for the broad sweep of evolutionary theory in
general, others to indicate views that emphasize evolutionary
features Darwin himself thought important (e.g., gradualism)
and still others as shorthand for some (often unspecified) ver-
sion of ‘prevailing evolutionary beliefs.’Here, Cleland seems to
be taking the latter path, identifying Darwinian evolution as
evolutionary theory with the essential inclusion of vertical
gene transmission and the specific details of gene–protein inter-
actions in modern organisms. If we accept this version of what
it means to be Darwinian, it makes sense to conclude that, to
the extent we want our account of life to include microbes
and systems of the sort Woese envisions, our account of life
cannot be Darwinian.
This seems to be another instance of the pessimists’mechan-

istic bent, as they are identifying ‘Darwinian’with very specific
causal mechanisms. But one problemwe quickly run into when
we think of ‘Darwinian’ this way is that it will look as if evolu-
tionary biology is in a constant state of crisis each time
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biologists debate some newwrinkle. This is a strategy often em-
ployed by creationists to discredit evolutionary theory in gen-
eral and in fact Dembski (2002) recently citedWoese in exactly
this way, suggesting that his ideas indicate dissent within the
biological community concerning the adequacy of evolution-
ary theory9:

“There is a question about the extent of evolution, but that is a
question being raised by non-ID scientists. Carl Woese in the
Proceedings of the National Academy of Sciences just a few
weeks ago published a piece where he explicitly rejects common
descent.” (Dembski 2002)

Myers (2008) offers a succinct reply to Dembski on this point
that works equally well with mechanically minded definitional
pessimists:

“Woese recognizes a pre-Darwinian period, a Darwinian
threshold and a Darwinian period. In the pre-Darwinian period,
massive horizontal gene transfer made it impossible for individ-
ual species to evolve, however the Darwinian processes of “amp-
lification, variation and selection” still played a role. In other
words, “pre-Darwinian” referred to a period in which speciation
was impossible, not a period in which the Darwinian processes
did not play a role.” (Myers 2008, p. 1)

So Woese’s views are not Darwinian only if ‘Darwinian’ is
taken to refer to a highly specific version of evolutionary the-
ory, which is not what Woese intended. And however we parse
Woese’s words, there is certainly no conflict between his theory
and the general theory of evolution.
Precisely in the same way, there is no conflict between most

of the evolutionary accounts of life that are actually being de-
bated and what their advocates take to be ‘Darwinian.’ In
short, the pessimists are attacking a straw man here.
Consider the most widely discussed evolutionary definition10:
Life is a self-sustained chemical system capable of undergoing
Darwinian evolution (Joyce 1994). There is nothing to suggest
that the term Darwinian here implies any particular kind of
chemical system or pattern of inheritance or that applying it
to microbes or Woese’s proto-cells would pose a special prob-
lem. Other accounts are even more general – as when Bedau
(1996) discusses life in terms of a “supple, open-ended evolution-
ary process that perpetually produces novel adaptations.” At its
most basic, evolutionary theory simply predicts that when sys-
tems with heritable adaptive variation are exposed to adaptive
challenges, they will tend to evolve to meet those challenges. It
does not really matter to the general theory how the inheritance
system is realized, though of course different mechanisms will
produce different patterns of inheritance (a specific detail only
important for answering certain specific kinds of questions).
Their emphasis on the importance of microbes led Cleland

and Copley to hypothesize a ‘shadow biosphere’ on Earth,

composed of microbes descended from a separate origin
event and thus potentially quite distinct from life as we know it:

“The discovery of a shadow Terran biosphere would have pro-
found scientific and philosophical ramifications. It is clear that
life as we know it on Earth has a common origin, which means
that we are currently limited to a single sample of life. One can-
not generalize on the basis of a single sample. In order to formu-
late a truly general theory of living systems we need examples of
unfamiliar forms of life. Although we have good theoretical rea-
sons for believing that life on Earth could have been at least
modestly different in its biochemistry and molecular architec-
ture, we do not know how different it could have been. It is im-
portant that we do not artificially constrain our thinking about
the origin of life on Earth and the possibilities for extraterres-
trial life on the basis of a limited and possibly very misleading
example of life. (Cleland & Copley 2005, p. 171)”

A shadow biosphere is certainly an intriguing possibility and it
is hard to imagine a life researcher who would not agree that its
discovery would be monumentally important. As such, this is a
possibility that certainly deserves more study.
On the other hand, the possible existence of a shadow bio-

sphere should really impinge on this debate as an argument
against definitional pessimism. Bringing a shadow biosphere
into the discussion forces us to answer the question of how life
should be defined. A biosphere is, by definition, composed of liv-
ing entities. Therefore, a willingness to apply that label to some
unusual system we discover presupposes that its components
meet some definition of life, however tentative. What then is
that definition? Without some notion of what we are talking
about, we are free to reject any putative example of a biosphere
as spurious11. So the possibility of a shadowbiosphere is actually
a powerful motive to develop a clear account of what life is.
Finally, Cleland often points out that focusing on ‘weird’ ex-

amples of life (like microbes) will help us keep an open mind
and avoid the straightjacket of a priori preconceptions:

“In this context, one cannot help but wonder whether contem-
porary thought about the nature of life is being held hostage to
an antiquarian Aristotelian conception of life. This might ex-
plain why biologists have been unable to identify explanatorily
and predictively powerful, distinctively biological generaliza-
tions despite the extensive body of knowledge they have accu-
mulated about familiar Earth life over the past
century. . .Their absence may reflect little more than a commit-
ment to an inadequate ontology; distinctively biological regu-
larities may exist but be unrecognized as such because we are
carving up the phenomenon of life in unhelpful ways. . .this con-
cern is exacerbated when one reflects that, in keeping with
Aristotle’s approach, most attempts to generalize about life
have been founded upon what biologists now recognize is a
rare and exotic form of Earth life, viz., multicellular plants
and animals.” (Cleland 2013b, p. 370)

9 I do not mean to imply that the definitional pessimists are trying to
give comfort to the creationists, but whenever one identifies a general the-
ory too closely with its details, this kind of objection is common.
10 This is often referred to as ‘the NASA definition’ despite never having
been adopted by NASA.

11 No doubt any initial claim to have discovered a shadow biosphere will
meet with precisely this problem, as skeptics will claim that all that has
been discovered is some odd kind of chemical system, etc.
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“Because they fix (albeit tentatively) what sorts of things qual-
ify as life and what sorts of things do not, they are just as likely
to seriously mislead us as traditional definitions of ‘life’ if (as I
shall argue is highly likely) our current scientific concept of life
is unreliable. If one utilizes such a definition to guide attempts to
“create” life in the laboratory or search for life on other worlds
one is likely to produce or find only what one is looking for.”
(Cleland 2012, p.128)

The idea seems to be that, if we agree on a particular definition
of life before we really understand life, it will stifle future
research.
This seems problematic for a number of reasons. First, set-

ting aside the question of whether our philosophical ideals
should conform to biology or vice versa, there is no evidence
provided that premature definitions are somehow blocking
the discovery of biological laws. Even if it is true that biology
is being impeded by the lack of an adequate life definition, it
seems puzzling to use this fact to conclude that we should
cease all attempts to rectify the situation by seeking better de-
finitions. Second, there are few life researchers who would
argue against the desirability of looking at weird examples of
life – hence the explosion of research on extremophiles.
Third, an important element of the pessimists’ basic position
is that there are too many concepts of life being entertained,
so how can a debate that is awash in alternative positions
also be in imminent danger of premature conformity?

Pragmatic considerations

“Ageing’s alright – better than the alternative, which is not
being here.”

- George H. W. Bush

It is never entirely clear what the pessimists would have us do in
the absence of a general theory of biology, and it is hard to
evaluate the desirability of attempting to define life without a
clear view of the alternative. Yet they seem to imply that we
should refuse the temptation to specify our musings about
life in any formal way until such a theory materializes. If this
truly is their recommendation, it is both unrealistic and
unhelpful.
We can refuse to discuss what we mean by ‘life’, but we

should be under no illusion that doing so will solve the basic
problem. As Cleland & Chyba (2002) themselves allow, scien-
tists in fields where questions about the nature of life is central
must develop and employ concepts of life, because they cannot
do their job without them. Consider the tests for extraterrestrial
life performed by the Viking mission to Mars: the scientists
who designed the labelled release experiment were clearly tak-
ing carbon cycling to be essential to life. Thus, when their test
seemed to confirm cycling, it was taken as evidence for life on
Mars. Subsequent experiments looked instead for the presence
of complex organic molecules and, when these could not be
found, this was interpreted as evidence against Martian life.
The debate about the proper interpretation of these results con-
tinues to this day and is, to a large extent, a debate over com-
peting concepts of life (Klein 1978).

If scientists must employ concepts of life, what is the advan-
tage of forcing them to keep them implicit and unstated? If any-
thing, preventing scientists from elaborating their ideas will
exacerbate the difficulties, since ideas that are never made ex-
plicit cannot be subjected to the kind of rigorous critical scru-
tiny so central to scientific practice. Vague concepts in a
scientist’s head will continue to influence her work, but in
ways she herself may not fully understand. Allowing our
ideas to remain unspoken will also strengthen the power of
the familiar, increasing the sorts of biases (multicellular, terres-
trial) that worry the pessimists. Why should a scientist bother
to look for weird chemistries that aremuch harder to anticipate
unless she has an explicit reason to do so – like a broad defin-
ition of life? When we are explicit about our definition of life,
we embroil ourselves in debate, but it is debate of the sort that
can reveal and overcome bias. Vagueness can be a powerful
rhetorical tool and has been used with great effect by the crea-
tionists (Smith 2001), but it is rarely in the interests of truth and
certainly does not accord with the best practices of science.
On the other hand, scientists sometimes create a false preci-

sion as a way to make annoyingly complex questions empiric-
ally tractable. Thus, scientists looking to operationalize life
concepts often focus on what they can easily measure and com-
plain that (for example), evolutionary definitions of life will
make the search for extraterrestrial life much more compli-
cated. However much sympathy we have for the operational
difficulties, it is critical that we keep the proper logical se-
quence in mind: we must begin with a clear definition of life
and develop our operational procedures from this rather than
the other way around. If we pick what to look for based on
what is easy rather than what is informative, we are no better
than the drunk looking for his lost keys under the lamp post,
not because he has any good reason to think they are there,
but because that it is where the light is. It is fine to demand
that, any definition produce consequences that are testable in
principle, but it is quite another to reject any definition which
is merely difficult to test at present. Insisting on such stringent
conditions would have ruled out a number of critical theoretic-
al developments in science before they could be confirmed.
Consider the predictions of a cosmic background radiation,
initially theorized as early as the turn of the century, but not
confirmed for 70 years – and then by lucky accident.
Another reason the pessimists offer for not forging ahead on

the definitional project is the sad state of the evidence. They feel
that, since all we have is a single data point, a definition of life
must wait until we havemuch better data. Of course, if our goal
is a truly ultimate definition, where we are supremely confident
we have captured the essence of the phenomenon, this is clearly
true. But on a more pragmatic level, it is instructive to think
about what waiting for the data to emerge would mean in prac-
tice. At a minimum, a good data set would have to span differ-
ent origins of life on different planets in different planetary
systems. Only then would we have the empirical grounds to
be truly confident extending our principles beyond the frozen
accident of Earth’s peculiar history.
But this is far easier said than done. In astrobiology, even the

simplest investigations will occupy scientists for decades. For
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example, both Enceladus and Europa have recently been found
to vent water vapour into space, presenting about as ideal a
situation for the collection of biologically promising samples
as could be wished. But we will still have to build probes to
make the long journeys, collect the samples and subject them
to initial analysis. We will likely have to return the samples
to Earth for definitive answers, since (as the Viking mission
showed) the experiments possible on an interstellar probe are
very limited (McKay 1997). So it could easily take 25–50
years before we have really good evidence for or against life
within our own Solar System.
And this is just the beginning. Alien life on Mars or Europa,

even if it represents an independent evolutionary origin, will
only take us so far. We are ultimately going to need to test
for life in other systems, which will require missions spanning
hundreds, if not thousands, of years with any technology we
can currently envision. We will have to design experiments
that can survive such incredibly long journeys through the
cold of space, and then operate flawlessly on planets in condi-
tions the designers were largely ignorant of. Returning samples
to Earth for more analysis will double the time needed to com-
plete the process. Finally, we will have to repeat this procedure
as many times as necessary to acquire a reasonable data set
spanning the potential diversity of alien life, which could easily
require 20 or more missions. It would be wonderful if this was
not the case, of course, but it is.We are thus forced to ask a very
pragmatic question: Is it reasonable to expect science to wait
1000 years or more to start work on a definition that is indispens-
able to the cutting edge of biology right now?

Concluding remarks

“We must just KPO.” – Churchill

The definitional pessimists as represented by Cleland and her
colleagues advance a number of arguments. They espouse a
traditional notion of definition in which no definition is said to
be adequate if it cannot identify necessary and sufficient condi-
tions that produce neat and unambiguous categories. To this
they add an additional requirement that definitions must specify
detailed causal mechanisms explaining how the features of these
categories are generated. They also argue for a more inclusive
approach to the exemplars we use, particularly in our search
for life beyond Earth, and particularly with respect to the status
accorded our microbial cousins. Finally, they warn that, until a
truly general theory of biology emerges, attempts to define life
will be as confused and pointless as the alchemists’ attempts to
determine the nature of matter in the absence of atomic theory.
The definitional pessimists are driven by the need to formulate

a definition of life that gets it right. In that, we are entirely of one
mind. There is nothing wrong with postulating a hidden uni-
formity behind apparent variation, and in fact anyone who ad-
vocates a definition of life is attempting to do precisely this. But
a recurring theme of this paper is just how messy definition can
be, whether we are talking about life, Darwinism, or alchemy.
The claim that one approach to scientific definition is superior
to all others is hardly uncontroversial among philosophers. And

even if such definitions were the appropriate ideal in other
sciences, there are good reasons to suspect that forcing them
on biological entities, produced by evolutionary forces that
thrive on variation, will do more to confuse than enlighten.
There is also nothing wrong with emphasizing that a mech-

anism explaining in great detail how a particular system works
is excellent evidence that we truly understand that system. It is
also true that biologists often do not accord microbes and their
unique mechanisms the prominence they deserve. But neither
claim is especially controversial as there are a great many peo-
ple pursuing definitions of life who would not object to either.
The matter is quite different however, if we go further and say
either that detailed mechanisms are required for any adequate
definition or that it is impossible to create ‘Darwinian’ ac-
counts that do justice to microbial biology. The former repre-
sents an impossible demand, since the generality we require of
any truly universal account is inconsistent with a high level of
causal detail. The latter is only true if we adopt a highly re-
stricted concept of Darwinism that is not representative of
most defenders of evolutionary accounts of life.
Finally, the pessimists invite us to consider that those who

attempt to define life are in much the same position as the
medieval alchemists: not only are their attempts doomed to
fail without a general theory of biology, but such attempts
may impede progress by leading us down false paths and en-
couraging group think. Yet since the development of modern
chemistry clearly owes much to the alchemists’ efforts, perhaps
the analogy is not as unwelcome as it initially appears. To the
extent the comparison stings, it does so by suggesting that all
such attempts are inherently unscientific, which is unfair to
all the disciplines concerned. In any event, a much better ana-
logy can be found in the recent development of planetary sci-
ence, which overcame its own lack of data to vindicate the
general aspects of its theory.
There is no getting around the fact that biology is messy, es-

pecially when it comes to questions about the nature of life.
The difference between definitional pessimists and optimists
is really about how we should deal with this messiness.
Pessimists would give up on the definitional enterprise until
the empirical picture is clearer, while optimists advocate press-
ing on despite the difficulties. In addition to defusing many of
the arguments the pessimists offer, I suggest two reasons for
maintaining a sense of optimism, at least as a heuristic. First,
if we accept that scientists engaged in cutting edge disciplines
like synthetic biology and astrobiology need some concept of
life to do their work, then the pessimists’ recommendation is
really that these scientists should use implicit rather than expli-
cit concepts. It is hard to see, how encouraging people to keep
their working concepts private and vague will foster progress –
indeed, there is every reason to expect as it will only make
many of the problems the pessimists identity worse by circum-
venting the process of public critique that is central to science.
Second, if we are to wait until we have an unambiguously ad-
equate empirical basis for a universal account of life, we will
have to be very patient indeed. The pessimists complain that
some definitions of life are problematic because they are diffi-
cult to operationalize, but fail to consider how much worse the
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situation is if we are forced to wait literally thousands of years
to even begin discussions about what it is that we are studying
right now.
Science is a messy business, despite the best efforts of philo-

sophers to tidy it up. But it is also an exercise in epistemological
optimism and scientists are necessarily the sorts of people who
doggedly pursue explanations even when there seems little im-
mediate hope of success. It is thus absolutely central to the spir-
it of science that we resist giving in to pessimism when nature
refuses to give up her secrets as quickly as we would like. New
ways of thinking tend to come about only when we face such
challenges head on. Therefore, however messy and confused
things may be, science really has no choice but to follow
Churchill’s advice and just ‘keep plodding on.’ In fact, we
would be well advised to produce more definitions of life and
wholeheartedly embrace the debate that ensues:

“Of course, the discovery of some system or phenomenon that
we unanimously agree to regard as an alternative form of life,
when it comes (if it eventually comes), will have deep implica-
tions and change profoundly our worldviews and our conception
of the living. But, meanwhile, efforts to put together explicitly,
in a distilled way, what our day-to-day increasing biological
knowledge is telling us about the actual concept of life should
not be abandoned. Quite the contrary, they should be encour-
aged, as part of what biology is really lacking right now:
more encompassing approaches that contribute to integrate
the huge amounts of data and relevant information being con-
tinuously generated.” (Ruiz-Mirazo et al. 2010, p. 206)
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