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Abstract 

Our only example of life is our own– which forms a single lineage. We know 

little about what life would look like if we found evidence of a second origin. But 

geometry, mechanics, and chemistry are all taken to be universal and each has 

predictable biological consequences. The surface-to-volume ratio property of 

geometry, for example, limits the size of unassisted cells in a given environment. This 

effect is universal, interesting, not vague, and not arbitrary. Furthermore, there are 

some problems in the universe that life must solve if it is to persist, such as resistance 

to radiation, faithful inheritance, and resistance to environmental pressures. If these 

universal problems have a limited set of possible solutions, some common outcomes 

must always emerge. 

In this book, I develop and defend an account of universal biology, the study of 

non-vague, non-arbitrary, non-accidental, biological generalizations. In my account, a 

candidate biological generalization is assessed by the assumptions it makes. A claim is 

accepted only if its justifications include principles of evolution, but no contingent facts 

of life on Earth. In this way, we can assess the counterfactual support generalizations 

are able to provide. I contend that using a stringent causal analysis, we can have 

insight into the nature of life everywhere. Life on Earth may be our single example of 

life, but this is only a reason to be cautious in our approach to life in the universe, not a 

reason to give up altogether. 
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CHAPTER 1 Ð  

Can we Regard Biology as Universal? 

 

1.1 Ð I NTRODUCTION  

In the dystopian future in which I reveal myself as a super villain, I hope to 

acquire a sphere of gold one mile in diameter. It doesn’t currently exist, but most 

philosophers agree that it is a conceivable goal, if somewhat extravagant.1 I need the 

sphere of gold to afford a sphere of Uranium-238 one mile in diameter, which I hope to 

use for nefarious purposes. World leaders would fear my possession of either object, 

but philosophers would only balk at my hope to accumulate so much Uranium. The 

fact there is no sphere of gold one mile in diameter, we think, is a historical accident, a 

phenomenon not necessitated by the laws of the universe. The fact there are no 

humongous spheres of Uranium-238, by contrast, is to be expected to hold everywhere 

in the universe as the essential features of Uranium-238 render interactions between so 

much Uranium explosive. It is clear we can draw conclusions of how physical and 

chemical objects— like gold or Uranium-238— will behave anytime and anywhere.2 

Many have wondered, however, whether we can draw similar conclusions in the so-

                                                

1 Assuming the price of gold is $1,400 per ounce (and does not change according to any economic laws 
of supply and demand), a sphere of gold one mile in diameter would weigh 4.2x1013 kilograms and 
cost $2.1 x 1015. By comparison, the Gross World Product in 2012 was $7.2 x 1013 (Central 
Intelligence Agency 2013). So I would have to tighten my belt quite a bit to save that much. Since I 
used this as an example, at least it’s tax deductible. 

 
2 It is a law of nature that all discussions of laws of nature must involve mention of spheres of gold with 

large diameters. 
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called ‘special sciences,’ such as biology. 

In this dissertation, I argue we are justified in accepting some features of evolution 

and biology to be true everywhere in the universe. In this chapter, I argue the question 

of universal biology is not adequately addressed by the related literatures on laws in 

biology, the contingency of evolution, and related discussions. The next chapter will 

focus on the few contemporary authors who have addressed the topic of universal 

biology. I will argue none of them have provided a practicable account and give a list 

of desiderata a successful account ought to have. Chapter 3 develops my own account, 

maintaining that it meets these desiderata better than any of the alternatives. In 

chapter 4, I show how discussions of biology need not be hindered by failure to define 

life. Instead, we can focus, as I do in chapter 3, on naturally arising adaptive 

complexity. In chapter 5, I argue any universality in biology is not derivative of 

universality found in physics or chemistry. The unifying principle in biology, 

evolution, is reducible to a priori factors and an instantiation relation. Finally, in 

chapter 6, I give an evolutionary system space in which we can assess all possible 

evolutionary systems. This space, in combination with my account and a view of 

adaptive complexity, answers many questions opened by the account given in the third 

chapter. 

But first, I must argue the question of universal biology is reasonable and 

practicable. In this chapter, I address two large spheres of concern with respect to 

universal biology. The first, from philosophy of science, is about the nature of 
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biological science and any possible generalizations arising within it. An early critic to 

considering biology a universal science is J.J.C. Smart, addressed in the next section. 

In section 1.3, I address what prominent accounts of laws of nature and scientific 

theories imply for universal biology. The second major sphere of concern for a 

universal biology is with respect to our single sample size of life and the nature of 

evolution. In sections 1.4 & 1.5, I consider the contingency of evolution and whether 

the extent of unpredictable outcomes is truly detrimental to biological generalizations. 

Then in sections 1.6 & 1.7, I address the epistemic limitation of a single sample size of 

life on Earth that challenges even the most optimistic researcher. Finally, in section 

1.8, I give some concluding thoughts to frame the rest of the dissertation. 

 

1.2 Ð REGARDING BIOLOGY AS A PROVINCIAL SCIENCE  

Philosophy of science in the first part of the 20th century largely ignored biology. 

Some biologists even accused the philosophy of science of being equivalent to the 

philosophy of physics (Mayr 1969). Logical positivists’ account of science seemed to 

leave biology out of the conversation. Worse, some writers at the time were openly 

hostile to biology. Notable among these authors is J.J.C. Smart. Smart is well known 

in many areas of philosophy for his advocacy of “Australian Materialism,” which is a 

family of views seeking a grounded, common sense approach to philosophy. Among 

philosophers of science, he provides one of the first and most forceful arguments 

against considering biology a universal science. He famously compared biology to 
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engineering: 

 “From a logical point of view biology is related to physics and chemistry in the way in 
which radio-engineering is related to the theory of electromagnetism, etc.” (1969 p. 57) 
 

For Smart, physics is the paradigm science. It is law-governed in the strictest 

positivist sense of lawhood.3 Smart denies the existence of emergent laws of biology, 

easily disposing of some candidate examples. Consider this one: 

 (1) albinotic mice always breed true. (Smart 1959 p. 360 and 1963 p. 53)  
 

He refutes this claim by arguing that it carries with it an implicit notion of an 

entity, namely planet Earth. Albinotic mice originated in the history of life on Earth so 

there is no guarantee that anything like them would ever evolve again. Indeed, given 

one major current understanding of the nature of species, mice never could arise again  

(see Hull 1976, 1978 & Ghiselin 1974).  

He tries again to charitably defend universal biology, only by replacing ‘albinotic 

mice’ with a definite description of albinotic micehood (sensu Russell 1905). Suppose 

the combination of traits Q1, Q2… Q20 picked out all and only mice. So perhaps Q1 

would be something like “is smaller than a breadbox” and so on. His response to this 

approach is simply to deny such descriptions could describe all such creatures in the 

universe and remain true. This answer is less appealing and more problematic than his 

                                                

3 Although chemistry appears to have emergent laws, Smart asserts chemical regularities are in principle 
knowable from fundamental physical principles. A complete physics performed by an ideal observer 
would be able to deduce the properties of salt by mere analysis of the spectroscopic properties of 
sodium and chlorine (p. 51). So Smart holds that chemistry is not autonomous from a completed 
physics, although he doesn’t provide further arguments for the view. 
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first response. A geneticist might just include some element in the Q-series that 

describes the coloring mechanism in a way that ensures it is faithfully inherited. Smart 

continues with a stronger assertion. He considers the claims in biology about cellular 

division. Suppose someone were to argue: 

(2) The process of cell division always proceed via interphase, prophase, pro 
metaphase, metaphase, anaphase, telophase, and cytokinesis.  
 

In this case, the same result applies. If we define ‘cell’ based on its Earth 

implementations, then (2) is not universal. If we define ‘cell’ based on other criteria, 

(2) is almost certainly not true, Smart argues. So Smart concludes biology will never 

be universal. It was possible for physics and chemistry to be universal because they 

deal with simple or homogenous entities. Biology, on the other hand, deals with 

complicated and idiosyncratic structures. So even if we found examples to be true 

everywhere and every when on Earth, “it would be rash in the extreme to suppose that 

they have universal validity in the cosmos” (1963 p. 55). 

In a later book, Between Science and Philosophy, Smart argues every generalization in 

biology will fall to the trichotomy of either being arbitrary, false, or vague. The 

example of albinotic mice, for example, is arbitrary  because it mentions a species on 

Earth. If rewritten to avoid such a mention, it would be false. Were we to single out 

the albinotic element and attempt to generalize it, we would be met with exceptions for 

any degree of specificity, so only a vague formulation of it can be true. 

Smart is certainly correct that generalizations of this sort do not have universal 
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applicability and he might be correct that there are no laws in the strict sense in the 

whole of biology (but see the next section).4 Also, his description of biology as dealing 

with complicated and idiosyncratic structures is certainly more apt a description of 

biology than physics. But it is too quick to leap from two failed examples to a general 

diagnosis for ultimate failure. While his concerns about vagueness and arbitrariness 

are well placed, his assertion about the falseness of precise, universal truths in biology 

is merely an intuition pump. He argues it would be rash to assume the universal truth 

of any claim in biology, but surely this depends on the claim? 

Additionally, Smart’s notion of biology is incredibly uncharitable. The passage he 

cites for albinotic mice (1) comes from a single paragraph describing an example of a 

generalization found in genetics (Kalmus & Crump 1948, p. 58). Nothing in the book 

cited suggests the authors intended the generalization to be very deep or robust. Nor 

should they– the structure of DNA was still five years away from being discovered!  

Smart also doesn’t go into the details of cell division to assess if any are expected to 

follow universally. Presumably he feels he does not have to as Smart views biology as a 

particular application of biochemistry and biophysics (1963 p. 57). If a scientist were 

to defend (2), Smart has a ready response. Smart would likely deny the biological 
                                                

4 I should point out that Smart falsely believes that the theory of evolution is a tautology: 
   “If we try to produce laws in the strict sense which describe evolutionary processes anywhere and 

anywhen it would seem that we can do so only by turning our propositions into mere tautologies. We 
can say that even in the great nebula in Andromeda the ‘fittest’ will survive, but this is to say nothing, 
for ‘fittest’ has to be defined in terms of ‘survival’.” (Smart 1963 p. 59) 

    This issue has been adequately addressed by many authors (Stebbins 1977, Caplan 1977, Thompson 
1981, Sober 1984, Campbell & Robert 2005), so we will leave it for the present but it might help to 
keep this worry in mind moving forward in the discussion. 
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nature of any universal claims arising from biochemistry or biomechanics, for example. 

That particular commitment is extreme because it eliminates from consideration many 

plausible defenses a biologist might give. I maintain that if something is expected to be 

universal and has consequences for any biological system, those consequences ought to 

count as part of universal biology.5 To demand it affect all and only biological systems is 

too stringent a requirement if our goal is to understand biology in the universe. 

I’ve argued Smart’s demands were too stringent and his notion of biology is too 

restrictive. It is a possible response to Smart to just deny his intuitions. When he 

asserts that “Q1, Q2… Qn breed true” would be false in the universe, there is nothing 

privileging his perspective to that of a geneticist who studied mice, for example. In this 

dissertation, I will discuss examples of justified, non-arbitrary, and non-vague 

candidate biological generalizations, effectively providing potential counterexamples to 

Smart’s claims. 

 

1.3 Ð AUTONOMOUS BIOLOGICAL LAWS AND UNIVERSAL BIOLOGY  

Starting in the 1970s, philosophers increasingly began to see the differences 

between sciences as evidence of something other than a failure of non-physical 

                                                

5 In chapter 2, I consider the proposition “an organism is an organism,” which fits this format due to the 
universality of logic (the form is tautologous) and the fact the sentence mentions the biological object 
‘organism.’  My view in chapter 3 rules this out as part of universal biology. But even if it were not 
ruled out, the fact that this is not a particularly useful generalization does not refute the general point 
here. 
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sciences. With respect to biology, a major issue was whether biology is merely 

instrumentally useful with respect to our own epistemic limitations or an independent, 

autonomous science like physics and chemistry. An instrumental science could 

presumably be eliminated at the end of inquiry, whereas an autonomous science would 

not. There were many prominent views in the philosophy of science that could be 

challenged in order to render biology autonomous, if one so desired: reduction, 

scientific explanation, the received view of theories, or the necessity and nature of 

scientific laws. These topics are all intimately related, of course. Each discussion– laws, 

explanation, reduction, theories, and autonomy– has implications for the rest. It will be 

a goal of this work to show none of these common topics fully address the question 

central to this dissertation: universal biology. 

We’ll leave the other topics for later in the text and begin with the topic of laws. A 

law of nature, the way it was typically understood in early philosophy of science, is a 

regularity with universal scope, natural (not logical) necessity, used in scientific 

explanation, and confirmed by a small number of positive instances (Brandon 1997, 

Carroll 2012).6 That traditional account was subsequently replaced by more thorough 

views, with David Lewis’ notion of a best-systems account and David Armstrong’s 

universals approach as the most prominent among them. In Lewis’ account, laws are a 

                                                

6 For the sake of streamlining this discussion of early philosophy of science, I am ignoring Carnap’s 
distinction between theoretical laws and empirical laws (Carnap 1966). I am also ignoring the wide 
diversity of views about laws of nature among logical positivists. Schlick, for example, held laws were 
principles of inference (Creath 2014). 
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set of simple, but strong axioms from which the conditions in the universe can be 

deduced if initial conditions are provided (Lewis 1973, 1983, 1986). Armstrong’s 

account treats laws as non-logical relations between universal properties (Dretskey 

1977, Tooley 1977, Armstrong 1978, 1983).7 There are many other conceptions of 

lawhood, ranging from a priori (Sober 1997, 2011, Elgin 2003) to pragmatic 

regularities (Mitchell 1997), and some even doubt the necessity of laws altogether 

(Van Fraassen 1989, Giere 1999). 

Central to the topic of laws of nature is the question of explaining regularities and 

their counterfactual support. The various sciences are quite different in this respect. 

Physics and chemistry appear to be law-governed, homogenous, highly regular, and 

offer a high degree of counterfactual support. Biology, on the other hand, is 

heterogenous, proviso-riddled, and only locally counterfactually stable. These facts 

pose a problem for biological explanation if explanation is understood in the sense of a 

logical deduction from exceptionless laws of nature (but see Rosenberg 2001). The 

assumption is that laws are necessary for autonomous sciences and only the existence 

of strict, universal, biological laws can vindicate generalizability in biology (but see 

Brandon 1997). 

But we had noted there are many other possible views of laws of nature. Of note 

                                                

7 It has been argued many biological kinds are metaphysical ‘individuals,’ not homogenous classes 
(Ghiselin 1974, Hull 1976, 1978, Millstein 2009, Haber 2013). If biological kinds are determined 
historically rather than by a similarity relation as universals require, a Davidson-style approach would 
likely rule out biological laws for many biological objects, including organisms. 
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are Sandra Mitchell’s arguments for pragmatic laws being assessed in terms of degrees 

of stability, accuracy, ontology, simplicity, cognitive manageability, strength, and 

abstraction. She argues these are more useful in categorizing universal generalizations 

in biology than the standard positivistic account (1997, 2000). Mitchell contrasts 

normative, paradigmatic, and pragmatic accounts of lawhood.  She ends up favoring a 

pragmatic account of laws of nature as grounding expectations and evaluating 

generalizations. For Mitchell, the question is solved by labeling any universal 

expectation as ‘laws.’8 

It remains possible for literature in laws of nature to play a role in universal 

biology. But I want to resist any similar moves for anyone who might redefine laws in 

order to account for universal generalizations in biology. I resist this move not because 

I disagree, but because I think such issues are separate. The nature of laws is as 

interesting a question as is the existence of universal features of biology. There is much 

overlap and even complete subsumption for certain conceptions of laws and universal 

biology. But regardless of one’s definition of laws, seeking justification of the specific 

                                                

8 Supporters of views like Mitchell’s might view universal biology as merely a case of pragmatic laws. I 
wish to resist this move. I’m sympathetic to the approach, but find the language has become a barrier 
in the discussion. Mitchell is concerned with developing a way of understanding scientific 
generalizations in the abstract, whereas I am more concerned with actually giving an account of how to 
distinguish, categorize, and justify particular generalizations in biology. When I do this in chapter 3, I 
do not use her categorization scheme. I find her criteria (stability, accuracy, etc.) dependent on the 
particular bases that ground them. The stability of a scientific generalization cannot be sui generis, it 
must itself be explained by some feature of the items in the generalization itself (or the laws that 
govern it). For example, an argument about the universal nature of biochemistry (Pace 2001) is only 
as stable and accurate as the biochemistry underlying it. So why not just appeal to the biochemistry? 
Most of her criteria share this concern. Her view is useful and fruitful for categorizing pragmatic laws, 
but not for explaining why they hold or what unifies them. 
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universal features in biology is a separate research program from the research program 

into defining laws. It requires distinct tools, expertise, and approaches. 

There is a connection between an account of natural laws and universal biology: 

for most accounts, if biology has laws, then these laws are part of universal biology. 

But if biology does not have laws, this implies nothing about the possibility or existence 

of universal biology. If a generalization in biology is made true entirely by non-

biological laws, it could still be universal biology (special conditions for this are 

developed in chapter 3).  It might be the case that the absence of laws in biology might 

render biology a non-autonomous (instrumental) science, but its subject matter could 

still be universal in scope, if only instrumentally.  

   

1.4 Ð STEPHEN J.  GOULD ÕS SO-CALLED WONDERFUL LIFE 

The discussion at the heart of the previous sections was fairly philosophical and 

removed from the biological issues at hand. The next few sections are thematically 

related to the earlier discussion, but focus largely on the nature of evolution and the 

epistemic constraint of our single sample size of life. Some authors, most notably 

Stephen J. Gould, have used the process of evolution itself to argue against universal 

generalizations in biology. We will begin with Gould’s conception of evolution as 

dominated by contingency, which many authors have taken to challenge universal 

generalizations in biology. 

Stephen J. Gould is most often appreciated for his strong defense of unorthodox 
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ideas, his ability to turn a phrase, and his immense productivity. In his book, Wonderful 

Life, he looked at the Burgess Shale, one of the largest, oldest, and most bountiful 

collection of fossils of extinct organisms. The Burgess Shale was discovered in 1909 in 

British Columbia by paleontologist Charles Doolittle Walcott. At 505 million years old, 

the Burgess Shale was exceptional in capturing some fantastic fossils, which have been 

reassessed a number of times in the past 100 years. The first reconstruction by Walcott 

classified each separate organism-like segment into extant taxa (p. 9).  Decades later, 

Harry Whittington and colleagues assessed the fossilized remains and reclassified them 

as belonging to entirely new taxa (p. 10). 

In Wonderful Life, Gould rejects Walcott’s classification in favor of Whittington’s. 

With his wonderful turns of phrase and a series of pictures and drawings, he argues 

few of the fossils can be justifiably thought to belong to extant taxa. This draws him to 

a conclusion that still finds harsh opposition in the literature: the diversity of life has 

actually decreased since the Cambrian.9 He notes the incredible explosion of taxonomic 

diversity around the time of the Cambrian, then a gradual winnowing down of 

diversity as taxa went extinct. Furthermore, Gould argues there was nothing pre-

destined about which taxa would have gone extinct. 

“if we could wind the tape of life back to the Burgess, why should we not have a 
different set of winners on a replay? Perhaps, this time, all surviving lineages would be 
locked into a developmental pattern of biramous limbs, well suited for life in the water 

                                                

9 Diversity reflects the number of categories humans attribute to different lineages. Disparity is a technical 
term introduced to refer to the differentness– understood by some objective measure– between 
different taxa. Technically, he argues that disparity has increased, but that is unnecessary in the 
argument here. 
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but not for successful invasion of the land. Perhaps, therefore, this alternative world 
would have no cockroaches, no mosquitoes, and no black flies—but also no bees and, 
ultimately, no pretty flowers.” (Gould 1989 p. 238-239)  
 

This has been called by some the Radical Contingency Thesis (Powell 2008, 

Powell & Mariscal 2014). For Gould, the evidence clearly points in this direction and 

it is merely our pre-theoretic commitments that deny the truth. The radical 

contingency thesis has been countered by another group of biologists who advocate 

inevitable convergence in the course of evolution, most notably Simon Conway Morris 

(1998, 2003). 

It should be pointed out that Gould’s claim has been chronically mischaracterized 

in the decades since his book. The discussion here should not be viewed as a binary 

alternative. It is a relative significance controversy (Beatty 1997). Gould’s position is 

not to deny that there are examples of convergence, nor even to deny that some can be 

expected to arise, merely that given our single example of life and the nature of 

evolution, the bulk of macroevolutionary change is contingent, not inevitable (Powell 

2008, p. 8). Gould can be taken to say that the fitness of lineages does not guarantee 

their fate; chance and circumstance have a proportionally larger role in determining 

the eventual success or failure of particular lineages (Powell 2008 p. 34). Secondly, 

early adaptations constrain subsequent adaptations, making it difficult for later taxa to 

fundamentally change their structure to adapt to novel environments. Gould takes the 

bizarre cryptozoology found in the Burgess Shale to be evidence of his position, 

though his more radical interpretation has been challenged (Conway Morris 1998). 
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What does this mean in the context of universal biology? In the next section, we 

will discuss John Beatty, who has argued a major implication of a Gouldian view is a 

denial of biological generalizations. But he admits his view goes further than Gould’s. 

Far from Beatty’s assertions, I wish to show how Gould’s own views are universal in 

scope. The argument recounted in the previous paragraph can be understood as:  

 (3) Life is highly constrained by its past evolutionary history.  
 

Generalization (3) an interesting claim that will be discussed further in chapter 5.  

In addition, Gould also suggests: 

(4) The eventual success of any particular lineage is not determined by the lineage’s 
innate capacity to adapt. Instead, chance has a larger role to play.10  
 

Far from being a challenger to universal generalizations in biology, Gould seems 

to be making universal generalizations about biology. Subsequent discussions have 

taken Gould to be committed to the claim that no generalizations in biology can be 

justified (Lewontin 1990, Beatty 1995). In fact, Gould is committed to no such thing, 

although his position is consistent with the claim that other, more specific features of 

life can never be expected (see Mariscal & Powell In Manuscript). In the next section, 

I will address another author who has made exactly this substantially stronger claim. 

 

                                                

10 This is a surprisingly empirical point. Compare quickly evolving populations versus slowly evolving 
populations (in the same environment). Quickly evolving populations would then likely explore a 
greater number of evolutionary possibilities than slowly evolving populations. So if all else is equal, 
chance would play a relatively more important role in the second system than the first. 
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1.5 Ð MEASURING THE  CONTINGEN CY OF  EVOLUTION ARY CHANGE  

John Beatty extends and strengthens Gould’s claim about evolution in his 

“Evolutionary Contingency Thesis.” Beatty claims: 

“All generalizations about the living world:  
a) are just mathematical, physical, or chemical generalizations (or deductive 
consequences of mathematical, physical, or chemical generalizations plus initial 
conditions), 
or 
b) are distinctively biological, in which case they describe contingent outcomes of 
evolution. (p. 46-47)”  
 

Beatty accepts features of biology might be universal, but such features cannot be 

distinctively biological if they are, effectively denying the ‘biology’ in universal biology. 

Consider the mass-volume ratio of geometry, which might pose a maximum limit on 

the size of unassisted cells in a given medium. This ratio, even though it has universal 

implications for biology, is just the deductive consequence of a mathematical 

generalization plus initial conditions.  

Before addressing some complications of his view, I will attempt to explicate what 

he means by contingency. Beatty puts forth two notions of contingency. He says 

generalizations emerge as certain traits are selected for and their exceptions are 

selected against. So a trait is contingent in the weaker sense if it is the result of selection 

which could have also select against it in a changed environment (p. 53). Contingency 

in the weaker sense applies to some features, but not all. For example, faithful 

inheritance and resistance to radiation are universal design problems facing all 

organisms and all lineages. Thus it is doubtful there are natural environments selecting 
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against those design problems, contra the weaker sense (but see Brandon 1978, 1990). 

Beatty defends a stronger form of contingency, which “has to do with the fact that 

evolution can lead to different outcomes from the same starting point, even when the 

same selection pressures are operating” (p. 57). This is the strong sense Beatty attaches 

to Gould and others have discussed with respect to the contingency position (Powell 

2008). In short, evolution is an unpredictable system. Mutation, the source of much 

variation, is effectively random.11 So with the same starting point and same selective 

pressures, slight deviations (produced through indeterministic micro states if nothing 

else) will have huge consequences. Aggravating this problem is the fact that natural 

selection selects for function rather than structure, except when that structure is also 

functional. So the same selective pressures could produce any number of equally 

effective design solutions in different lineages. This functional equivalence and Beatty’s 

examples suggest a fairly strong notion of contingency. But the mathematical literature 

on other, similar systems, does not bear that out. Not all dynamic systems produce 

chaotic results; and many robust patterns can emerge in dynamic systems (Meinhardt 

1982, 2009).12 It is an open question whether evolutionary biology is dynamic in the 

chaotic, highly contingent way of weather or in some way that allows for predictable 

results (see section 2.7 for more on this). But the prevalence of canalization and 

                                                

11 The Lenski experiments are my favorite example of this (e.g. Lenski & Travisano 1994). With 20 
identical lineages over several decades, some lineages were able to solve design problems others were 
not. 

 
12 Thanks to David Iron for this insight and key references. 
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constraints in evolution can occasionally limit the number of ways functions can be 

realized, making some limited prediction possible in evolution. I discuss this further in 

chapters 3 & 6. 

There are many arguments against the evolutionary contingency thesis, some of 

which Beatty himself has addressed. For example, Beatty admits Stuart Kauffman’s 

approach to biological generality might render his formulation of ECT as misleadingly 

simplistic (p. 65). He admits the evolutionary contingency thesis is consistent with 

there being degrees of contingency, but he never explains what that specifically means 

for evolution (Beatty 1995 p. 47). Elliott Sober and others have pointed out universal 

claims cannot be as easy to refute as the ECT implies. Sober (1997) asks us to consider 

a potential biological generalization. Consider (2) from section 1.3: 

(2) The process of cell division always proceed via interphase, prophase, pro 
metaphase, metaphase, anaphase, telophase, and cytokinesis.  
 

We’ve seen that this generalization cannot withstand serious scrutiny. But what if 

we were to render it as a conditional?13 

(2*) IF cells of the sort we see on Earth obtain in evolutionary history, THEN the 
process of cell division always proceed via interphase, prophase, pro metaphase, 
metaphase, anaphase, telophase, and cytokinesis.  
 

Sober suggests it is not clear in any way that (2*) is contingent, but it certainly 

seems to fit Beatty’s requirements and reject his major thesis. Sober considers briefly 

                                                

13 Technically, Sober starts with a conditional and adds a further antecedent that justifies the initial 
conditional. The added step is unnecessary in this discussion. 
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that it might not be distinctively biological, as it seems to lack empirical content and 

rely on a priori reasoning. Sober is not opposed to such a counterintuitive conclusion, 

as he thinks a priori models can still be causal and of interest to biologists (Sober 1997, 

2011). This issue is discussed further in chapter 5.14 Others have held Beatty, even on 

his own terms, is committed to the existence of one biological law: evolution via the 

principle by natural selection (Rosenberg 2012). So in making the claim that there will 

be no universal generalizations in biology, Beatty assumes a universal generalization in 

biology.15  

Typically, Beatty & Gould’s views are contrasted with the ‘convergentist’ position 

(e.g. Conway Morris 2003, McGhee 2013). Convergentists take as important evidence 

the abundance of biological similar forms serving equivalent functions. Take, for 

example, the fact viviparity (live birth) has evolved in nearly 50 lineages (McGhee 

2013 table 2.20, p. 86-87). Under Beatty’s strong conception of contingency, it is 

surprising such widely divergent starting conditions nevertheless converged on a 

common solution. That viviparity seems path-independent requires a response from 

the contingency perspective. In a later paper (Beatty 2006), he seems to walk a more 

nuanced line, arguing this is a relative significance debate and so we might not want to 
                                                

14 Sandra Mitchell (1997), meanwhile, has claimed Sober has misunderstood Beatty. Namely, Beatty is 
committed to such a degree of radical contingency, that it is unclear if he must accept (2*). It could be 
the case, for example, that the process of cell division could have been otherwise. If so, Sober has not 
added much to the discussion. 

 
15 In chapter 5, I argue the principle of natural selection reduces to its logical structure. If this were 

correct, even the PNS wouldn’t count as distinctively biological. This poses a potential problem of 
rendering the PNS a tautology, as we saw in footnote 1, but this worry can be adequately addressed. 
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make such naïve characterizations. This issue is discussed more in Mariscal & Powell 

In Manuscript. 

My own concerns with Beatty’s position stems from his characterization of 

distinctively biological generalizations. As in section 1.2, I don’t find this notion 

particularly helpful for universal biology. Focusing on distinctively biological 

generalizations seems to ignore a very interesting issue of biological generalizations 

simpliciter. Biological generalizations are worth addressing regardless of the whether 

they count as autonomously biological. Focusing on distinctively biological 

generalizations highlights the wrong issue with respect to universal features of biology. 

Even if we fully accept Beatty’s argument (and there are conceptual and empirical 

reasons why we might be hesitant), it is still a reasonable question to ask whether some 

design solutions are not expected to arise in all living systems, regardless of whether 

they arise in all and only living systems. Even if we accept natural selection is blind to 

everything but function, it doesn’t follow there are multiple, equally functional 

alternatives for any design problem. DNA may be the most effective and available 

hereditary molecule possible (but see Malishev et. al. 2014). Consider the 

generalization: “Lineages will always solve the common design problem X with 

solution Y or go extinct.” This way of formulating biological generalizations seems 

universal, a posteriori, and interesting. It would continue to be interesting if Y were 
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replaced by a disjunction of two possible solutions.16 

Later on in this dissertation, I will develop a way to frame universal 

generalizations in biology in a way that gets around Beatty’s objections. One way I do 

this is to raise further issues for Beatty’s argument. Beginning in chapter 3, I return to 

the argument that ‘distinctively biological’ is less informative than it might seem. Some 

universal effects coming from physics would only be important in biological cases. 

These aren’t ruled out by Beatty, but seem to be ignored in the subsequent discussion. 

I argue in chapter 4 the distinction between biological and not biological might be less 

helpful than it seems. Finally, in chapters 5 & 6, I show results from merely 

considering the logical aspects of evolution. That I am able to render interesting 

general consequences from merely the conditions for evolution seems to pose a further 

problem for the Evolutionary Contingency Thesis. 

 

1.6 Ð L IVING WITH AN N OF 1 

There is one similarity between Smart’s attack and the contingency perspective– 

both view our biology as incapable of predicting the nature of life elsewhere in the 

universe. This line of attack is not new, as all observed life in the universe has 

originated on Earth, a single planet. What’s worse, it is likely life on Earth had a single 

origin. As we shall see here (and especially in the next chapter), this has not stopped 

                                                

16 Admittedly, the generalization could become less interesting as Y increased in number, vagueness, or 
arbitrariness. This is a practical concern best saved for chapter 3. 
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people from wondering about the possibility of life elsewhere and whether our current 

knowledge of biology can inform us about any such life. 

The Greek Epicurus and the Roman Lucretius both spoke of infinite worlds, but 

other worlds were ruled out in Aristotle’s geocentric cosmology (Dick 1982, p. 9-

11).1718 Consequently, they were also ruled out by the Western world well into the 

Middle Ages. Giordano Bruno, sometimes called a martyr for science, was the first 

modern figure to publicly propose the existence of a plurality of worlds like ours. He 

was subsequently burned at the stake. In the century that followed, others (including 

Johannes Kepler) took Bruno’s beliefs and expanded on them, projecting inhabitants 

on every planetary body Galileo’s telescopes were able to observe. Many of the 

arguments were in the form of natural theology. On the one hand were the pluralists 

who held that God was all the more glorious for creating life throughout all of the 

cosmos. Opposed to them were the anti-pluralists who held that man had a special role 

in God’s story, and so there was no life to be found elsewhere (Dick 1982, p. 63-9). 

The question was whether life on Earth was all there was or whether it could exist 

elsewhere. 

Others reasoned from physics and first principles as well as theology, most 

notably Newton in his Mathematical Principles of Natural Philosophy and Descartes in his 

                                                

17 Note: the term ‘infinite worlds’ does not mean infinite planets. ‘World’ here implies Earth-like. The 
possibility of non-Earth-based life was synonymous with the possibility of other planets throughout 
much of antiquity. 

 
18 Plato also held the Earth was unique (c.f. Timaeus). 
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Principles of Philosophy. In fact, it is Descartes’ metaphysics that allows others to posit 

the existence of infinite worlds (Dick 1982, p. 106-112), though he himself is silent on 

the matter. He did not, after all, want to suffer Bruno or Galileo’s fate! Intimately 

related to the question of other worlds is the question of the genesis of life here on 

Earth. For nearly two millennia, natural philosophers assumed life could (and did) 

originate from non-living material. It is easy to see how such a view of spontaneous 

generation can seem to justify a universal scope for biology, even independent of 

evidence of life elsewhere. 

Two of the biggest changes in our conception of life came in the 1800s in the forms 

of Louis Pasteur and Charles Darwin. With Pasteur, the theory of spontaneous 

generation was, if not refuted, marginalized  (Lahav 1999, p. 23-29). If life did not 

form immediately, then it must have either come about by design or by a long-term 

process.19 The process given by Darwin in On the Origin of Species was the final piece of 

the puzzle. Darwin was not the first person to suggest all of life descended from a last 

universal common ancestor. It was British biologist John Ray who first introduced the 

concept of common descent (Serafini 1993, p. 128).20 Others, including Immanuel 

                                                

19 The details of this period are more complicated than this sketch might suggest. Naturalists in the 
decades prior to Darwin favored very diverse views for the origin of life and species, including the 
equivalent ‘autochnous generation’ (Karl Vogt, Franz Unger, Johannes Müller), saltationism 
(Geoffroy Saint-Hilaire), hybridization of new forms (Carolus Linnaeus, J.P. Lotsy, Richard Owen, 
possibly early Gregor Mendel), and evolutionism (Robert Chambers, Erasmus Darwin, and Jean-
Baptiste Lamarck, though they also believed in spontaneous generation) (Bowler 2013, p. 77-82). 

 
20 It was Pierre-Louis Moreau de Maupertuis who is credited with first postulating universal common 

descent, the view that all life originated from a single organism (Harris 1981, p. 107). 
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Kant21 and Darwin’s grandfather Erasmus, held similar positions earlier (Darwin 

1794/1818, p. vii). But after 1859, arguments for and against common descent tended 

to trace their roots back to Darwin. 

Despite the philosophical impact common descent has had on biology, Darwin is 

at best an inconsistent advocate for common descent from a single organism: 

“I believe that animals have descended from at most only four or five progenitors, and 
plants from an equal or lesser number. 

Analogy would lead me one step further, namely to the belief that all animals and 
plants have descended from some one prototype. But analogy may be a deceitful guide. 
Nevertheless all living things have much in common, in their chemical composition, 
their germinal vesicles, their cellular structure, and their laws of growth and 
reproduction. We see this even in so trifling a circumstance as that the same poison 
often similarly affects plants and animals; or that the poison secreted by the gall-fly 
produces monstrous growths on the wild rose or oak-tree. Therefore I should infer 
from analogy that probably all organic beings which have ever lived on this earth have 
descended from some one primordial form, into which life was first breathed.” 
(Darwin 1859, p. 484)  

Elliott Sober also highlights this passage when he points out: “Darwin’s view 

about common ancestry concerns tracing-back, not the number of start-ups. Perhaps 

life started up one time or many; this may be unknowable and, in any event, was not 

something that Darwin thought he knew” (2009, p. 10050). This observation is 

correct. And it should come as no surprise that Darwin’s ideas had a huge impact 

regardless of whether his view implied life has one last common ancestor or many. 

The implication that the life we see on Earth is ultimately related poses 

                                                

21 Kant speculated wildly about the nature of extraterrestrials on other planets. In his 1755 book, he 
speculates that Mercurians and Venutians were significantly lamer than Earthlings, while Martians 
and Jovians were supermen. It is no accident Kant’s moral theory never equates ‘rational beings’ with 
humans (see Kant 1790/1987 5:419, Crowe 1986, p. 52-3, Dick 1982, p. 172-3). 
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devastating consequences to universal biology. If all organisms had arisen 

independently via spontaneous generation, then biology would be the study of many 

distinct objects. It would be reasonable for a science to concern itself with discovering 

universal principles governing these distinct phenomena. So, before Darwin, biology 

could reasonably be considered a universal science on par with physics and 

chemistry.22 But given the realization that organisms do not arise independently and so 

all life on Earth is ultimately related, it seems extremely difficult to see how any 

universality can be justified. This has been called the N = 1 problem (Sterelny & 

Griffiths 1999). See figures 1.1 & 1.2: 
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22 If it is true that physics and chemistry are also universal (c.f. Cartwright 1983). This is discussed 
further in chapter 5. 
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Look back to Smart’s suggestion of cell division (2). Without the theory of 

common descent, one might be justified in believing this claim as an unbreakable law 

about life. If there are millions of unique cases all sharing some feature, it is reasonable 

to conclude the feature is universal. But with common descent, we know all of our 

evidence in life is ultimately related, so it is possible all features in common throughout 

all of life are possibly due to that (possibly extremely contingent) historical 

relationship. In short, all observations in Earth’s biology are not observations of truly 

independent phenomena. We have a sample size of 1. As Smart, Gould, and Beatty 

seem to suggest, this is a problem for generalizing about biology. 

Not everybody takes the N = 1 problem to be insurmountable. In the century and 

a half since Darwin, many authors attempted to show the universality of biology in 

various ways. For instance, Herbert Spencer, infamous for the phrase “survival of the 

fittest,” attempted to show evolution was the natural law of universal application 

(Spencer 1864). He hoped to show that evolution explained as much of psychology 

and culture as it did biology. In this way he was among the first to attempt to 

generalize evolutionary theory to other domains (Callebaut & Laubichler 2007). 

Others have attempted to explore universal biology through discovering a second 

example of life or creating it (e.g. Davies et. al. 2009, Langton 1989). Still others have 

maintained that certain features of biology can be thought to be universal justified by 

their sheer utility (Dennett 1995), first principles (Dawkins 1982, 1992), or an 
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understanding of the physics, complexity, and probability theory that underlie them 

(Kauffman 2000). Ronald Munson has argued the claims in biology are logically 

structured in a way that is universal in scope (1975), though Ginnobili (2007) 

challenges this reasoning based on the apparent unfalsifiability of evolution by natural 

selection. Furthermore, even with a single sample size, we can be justified in assessing 

some generalizations as more robust – if they arise multiple times from divergent 

lineages, give a functional description, or rely on uncontroversial general facts about 

life, for example (see Mariscal & Powell In Manuscript). Simon (1971) rejects the 

claim that other sciences are ‘more’ universal than biology. Consider the fact all of our 

evidence for cosmology is only evidence for the ‘local’ physics of this universe. Ernst 

Mayr has also challenged the N = 1 problem by noting our generalizations about life 

are as broadly applicable as our sample size (1997). Thus, he argues, the presumption 

should be in favor of universal biology, not against it. This argument is problematic 

only if our theories are formed to accommodate our evidence (see Psillos 1999’s notion 

of ‘use novelty’). In subsequent chapters, I will provide a way of thinking about 

biology that addresses the N = 1 problem. But even if we reject all of the negative 

arguments against universal biology, any positive proposal must seek to avoid or 

address the N = 1 problem.  

 

1.7 Ð A RECENT CRITIQUE OF UNIVERSAL BIOLOGY  

Carol Cleland (Forthcoming) argues universal biology proceeds from a position of 
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ignorance. She draws lessons from the early history of alchemy in which some 

alchemists classified various liquids as water, including nitro-hydrochloric acid 

(HNO3+3HCl) and a solution of nitric acid in water (HNO3+H2O) (Cleland & Chyba 

2002, Cleland 2012). They even referred to these liquids as strong water (aqua fortis) 

and royal water (aqua regia) respectively. It made a certain sort of sense to think of 

them as unified at the time, she argues, because all three are clear, liquid, and serve as 

solvents. But these characteristics are not essential to water, instead we now believe 

the chemical structure of H2O is the essential determinant. Cleland points out a study 

of the necessary and sufficient conditions for the set of water, strong water, and royal 

water would have been futile. Similarly, she looks at the debate about definitions of life 

as arguing over fundamentally flawed concepts (a position I develop further in chapter 

4). The features of life we think are essential, such as replication, metabolism, and 

physical boundaries, might rest on mistaken assumptions, she argues. We cannot say 

anything definitive about life until we discover a second genesis. Nor could we use 

Darwinian evolution as definitive of life, because early life (and much of current 

microbial life) uses rampant lateral gene transfer. Competition, she argues, is a derived 

characteristic, not one present in early abiotic life. 

The situation as Cleland describes it, is quite dire for the project of defining life, 

but it is equally fraught for the project of universal biology. Cleland imagines a 

situation in which we are tasked with uncovering the essential features of mammals 

based on a single species, such as a zebra. A scientist could study the zebra forever 
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without truly understanding mammals. She might disregard mammary glands, for 

example, because only half of zebras– the females– have mammary glands. Instead, the 

scientist might infer the universal nature of hooves, stripes, or walking on four legs. 

This, she argues, is the plight in which biologists find themselves when addressing the 

concept of universal biology. We can always imagine a biological system that violates 

generalizations we would have thought held true for all of biology. If we can imagine it 

and evolution is cleverer than we are, then biology in the universe will surely be far 

stranger than our conceptions of it will allow. If we can’t generalize from zebras– what 

hope does any such project have? 

The objections Cleland raises are interesting and well worth addressing. In 

chapter 4, I take her position with respect to a definition of life and extend it a step 

further; I argue even the concept of ‘life’ itself is misleading. Not only do we not know 

the essential features of life, but life itself may also be a spurious category. 

Nevertheless, Cleland overplays the analogy to early alchemy. Sterelny & Griffiths 

(1999) make the case that other materials, such as lead and gold, were well understood 

before the discovery of their chemical makeup. It is simply not obvious that knowledge 

by ostension is not a reasonable strategy with respect to life (see section 4.5). 

With respect to evolution, Cleland makes a distinction between Darwinian 

evolution and non-Darwinian evolution that is far from standard. Though many 

authors overestimate the rate of evolution by natural selection relative to other factors, 

most biologists readily admit evolution does not require competition. In cases of 
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mutualism, inclusive fitness, and group selection, organisms will cooperate. She 

appears to deny these examples are Darwinian, but Darwinism has been amended and 

augmented numerous times since the first publication of the Origin. Many scientists 

now use the term ‘Darwinian’ with some fluidity to refer to populations with some 

degree of evolution by natural selection. Current biological theory only accepts a 

portion of Darwin’s work (Mariscal et. al. In Preparation). Darwin’s notion of 

heredity was superseded by Mendelian genetics, his acceptance of gradualism was 

complicated by punctuated equilibrium (Eldredge & Gould 1972), his principle of 

divergence is problematic (Fleming 2013), and the tree of life has been cut down 

(Doolittle 1999). What’s left of Darwinism is unclear. So the rampant lateral gene 

transfer at the beginning of life might be evidence that Cleland’s notion of Darwinism 

is not universal, but it says nothing about the prevalence of general evolutionary 

principles in the universe (see chapters 3, 5, and 6). 

Lastly, we must address her thought experiment regarding zebras, which resulted 

in a general skepticism about universal biology. Luckily, such skepticism is 

unwarranted. First, plenty of scientists would find mammary glands relevant. They 

would be fascinated to study a subject in which half the population had one set of traits 

and the rest had a different, but complementary set of traits. Perhaps the scientist 

might refuse to conjecture that any such traits were universal, but she might correctly 

infer such traits would apply to about half the individuals of any similar population. 

The question is whether the set of zebra traits the scientist would pick out would 
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happen to coincide with all (and presumably only) mammals. Would not the inference 

to generality far extend beyond mammals to broader evolutionary kinds? If so, to what 

extent would any such inferences be justified? 

The generalization from traits found in zebra females to traits found in all 

mammalian females is likely a tenuous one, but this is only problematic if we accept 

Cleland’s analogy as accurately representing the situation. In fact, the analogy is 

suspect. Mammals are a historically contingent evolutionary group, unified solely by a 

common origin. There is still an open debate in the philosophy of biology as to whether 

broad categories, like ‘mammal,’ are philosophically real in any sense that matters to 

biology (Mayr 1982, Claridge et. al. 1997, Mishler 2009). So why should 

generalizations be artificially limited in such a way? Universal factors can intersect 

with biology in a number of different ways: geometric constraints, probability theory, 

physical laws, and so on. Suppose we discovered there were universal features of 

zebras, but they universally applied at the level of large organisms or only to four-

legged herbivores. Such generalizations would not be counted under Cleland’s thought 

experiment. A scientist studying zebras might not be able to conclude any essential 

features of ‘zebrahood’ or ‘mammalness,’ but would be able to infer some facts about 

the environment in which it arose: why all four limbs are roughly the same length, that 

vision is an adaptation, and the role grass has in producing energy. That scientist 

would be perfectly justified in inferring all similar creatures facing similar ecological 

pressures would adapt in corresponding ways. One might be justified in being 
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skeptical about these and other generalizations, but the inference toward a ‘biological 

provincialism’ is unwarranted and could be addressed by a methodology and 

justification-driven view (see section 3.5). 

 

1.8 Ð CONCLUSION  

Of the thousands of philosophy of science articles and books published in the past 

50 years, only a handful can be said to directly address the question of whether biology 

counts as universal. Likely, this is because most philosophers assumed the question 

could be best addressed by an account of biological laws or the nature of biology & 

evolution. This chapter argued universal biology was a distinct issue and addressed a 

variety of critiques from influential philosophers and biologists. In particular, I 

addressed J.J.C. Smart, Stephen J. Gould, and John Beatty, who are all taken to 

write against the possibility of generalizations in biology, albeit from distinct positions. 

Smart alleged any universal claim in biology would be false, arbitrary, or vague. I 

attacked his view as being committed to an iconoclastic and controversial 

understanding of biology. Given this, his attack reduced to a mere concern. A version 

of this concern is shared by Gould and Beatty, who postulate the path of evolution is 

ultimately contingent. Many have taken these arguments to hold the fundamental 

chanciness of nature and the incredible range of possibility in biology render biology 

ultimately unpredictable. I argued Gould’s position didn’t imply as much skepticism of 

this project as it might suggest. Against Beatty, I noted that contingency does not 
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imply unpredictability, at least not to mathematicians studying comparable dynamical 

systems. There are many possible kinds of contingency and Beatty has not provided us 

sufficient reason to conclude evolution produces the most unpredictable, generalizable 

kind of contingency. I further reiterated the point that focusing on distinctively 

biological generalizations casts too narrow of a conception of biology. Biological 

generalizations are worth addressing regardless of whether they are made true by 

physics, biology, logic, or anything else.  

Finally, I connected these critiques into a general skepticism borne from the fact 

Earth holds a single lineage of life, what Sterelny & Griffiths 1999 call the N = 1 

Problem. I maintained this was an issue scientists were aware of and seeking to 

address. The N = 1 Problem is still a problem to be addressed by any account of 

universal biology, but it is not an insurmountable one. This must be kept in mind while 

reading the following chapter, which reviews recent writing on universal biology. An 

adequate account of universal biology must address the N = 1 Problem and provide a 

methodology whereby any universal claim can be assessed according to some standard. 

We turn to these issues now.  
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CHAPTER  2 Ð 

A Review of Alternative Universal Biologies  

 

2.1 Ð I NTRODUCTION  

Consider the claim: 

(5)1All swans are white. 

 Claim (5) was held to be true of all life on Earth until black swans were 

discovered in Australia in the late 17th century (Taleb 2007). Even though Europeans 

were completely convinced of the truth of (5) for centuries, it was eventually shown to 

be false. Because biological generalizations on Earth are often falsified, it is generally 

assumed generalizations about biology will not apply to new kinds of life we have yet 

to encounter. But this has not stopped researchers from exploring what we could know 

about life everywhere in the universe. We will explore these issues in this chapter.  

 In the last chapter, I argued the topic of universal biology was independent of 

other, similar topics discussed in the philosophical literature. I take some truths to 

justifiably be thought to apply to all living systems in the universe, independent of their 

status as laws or distinctively biological. Ronald Munson defines a universal science as 

one which is not restricted in scope or range of application to a certain region of space 

or time, does not contain individual names or constants, and is supported by evidence 

of the quantity and diversity to make it reliable in novel scenarios (Munson 1975, p. 
                                                

1 For ease of reference, I will continue the numbering these candidate generalizations throughout the 
document. 
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429). In the last chapter, I argued against J.J.C. Smart (1963, 1968), who asserted 

any biological generalizations would be vague, arbitrary, or false. I also argued against 

Beatty (1995), who held all biological generalizations were ultimately contingent. In 

this chapter, I will assume I have addressed all skeptical arguments and the only 

question remaining is how to proceed in proposing and justifying universal biology. 

Before we continue this discussion, we must clarify some potential areas of confusion. 

Then, in section 2.3 – 2.7, I will charitably consider views given by authors in recent 

decades. I will conclude with an assessment of why this project has stalled, setting up a 

statement of my own view in chapter 3. 

 

2.2 Ð METAPHYSICAL /TERMINOLOGICAL I SSUES WITH ÔUNIVERSAL 

BIOLOGY Õ 

There is a very different area of philosophy that deals with the term ‘universals.’ 

These are properties that seem to be repeatable in many distinct objects, like the color 

red. The issue might seem important to a discussion of universal biology, but all the 

accounts of universal biology would hold equally well under either of the common 

views of universals. So this is not the relevant sense of ‘universal.’ Instead, we are 

discussing the science as universal. A universal science is a science expected to hold 

everywhere in the universe. It is contrasted with a local, limited, or provincial science, 

which is a science expected to hold only in parts of the universe (Munson 1975). We 

think of physics and chemistry as universal. Cultural anthropology might be thought of 
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as a provincial science because it focuses on a specific, spatio-temporally bounded 

entity: humans. The distinction between universal and provincial in this case is one of 

scope and subject matter. This concept has also been referred to as ‘a priori biology’ 

(Sterelny 2001). I avoid that designation because it is possible we would want to count 

some a posteriori discoveries about biology as universal.2 Empirical work can test 

biological generalizations and perhaps even suggest new generalizations we had not 

considered. So ‘a priori biology’ will not work for my purposes. Stuart Kauffman 

suggests the term ‘General Biology’ (2000), but this can lead to worse ambiguities. 

Richard Dawkins baptized the term ‘Universal Darwinism’ (1982, 2003), but is also a 

devil’s advocate for the term ‘Universal Biology’ (1992). 

Another issue deals with the term ‘biology.’ To truly understand whether a 

feature will be in the realm of universal biology, we must first be sure that it counts as 

biology. For instance, we take numbers to be universal objects, but numbers 

themselves are not in the domain of universal biology because they are not biological. 

The subject matter studied by universal biology must be— in some sense—biological. 

In order to understand the domain of the study in question, we must have a working 

account of ‘biological’ that differentiates it from other areas of enquiry. The most 

intuitive way to approach this question is to define necessary and sufficient conditions 

for ‘life,’ but no attempt to define life has yet gained widespread acceptance. This poses 
                                                

2 The issue is not dependent on Kripke’s metaphysical account of a posteriori necessity (Kripke 1980). It is 
merely the observation that there are practical and methodological reasons to allow for scientific 
input. 



 

 36 

a problem for some of the views discussed in this chapter and will be more directly 

addressed in chapters 3 and 4. Lastly, we must remember some of the lessons of the 

prior chapter: the discussion of universal biology is separate and distinct from the 

related topics most often discussed in the philosophy of science, including laws of 

nature and the contingency of evolution. 

Some readers might wonder about the relationship between universal biology and 

‘Generalized Darwinism.’ Generalized Darwinism is a term occasionally used to 

describe uses of Darwinism in non-biological phenomena. Researchers in various fields 

have seen Darwinian evolution as a good analogy or description of the evolution of 

culture, economics, and even stellar nucleosynthesis (François et. al. 2004). There is 

added ambiguity in that many of the authors who have discussed universalizing 

biology in the first sense have also pushed for generalizing Darwinism in this second 

manner. For instance, Kauffman (2000) takes his ‘general biology’ to have important 

consequences for economics and Dawkins (1976) bears the cross of creating the term 

‘meme’ in reference to cultural evolution. There is obviously a relationship between the 

two, but without an account of both, there is no way to clarify the distinction. An 

adequate account of universal biology must define its subject matter: it must make 

explicit whether we ought to expect any biological generalizations to also apply to 

other domains. As we’ll see in chapter 3, in my view a very specific and well-described 

subset of biological generalizations dealing solely with evolution will also be expected 

to apply in non-biological contexts as long as they are relevantly evolutionary. 
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Furthermore, to count as universal biology, it is not enough to be universal in the 

relevant way and biological. Such truths may come too cheaply. Consider the following 

claims: 

 (6) If something is an organism, then it is an organism. 

(7) Creatures will avoid negative stimuli. 

(8) Every quintillionth organism gets an extra mutation, predator, or happy meal.  
 

Although each of these claims mentions biological objects, proposition (6) is 

tautologous and trivially true, (7) is too vague to be useful, and (8) is either arbitrary 

or false. Obviously, the generality of biological propositions like (6), (7), and (8) is 

uninteresting.3 What must count is some limited subset of these universal claims. 

Accounts of universal biology should seek, as much as possible, to avoid counting 

claims like (5)-(8) as justified. 

Now consider these two claims: 

(9) The genetic code holds for all of life. 

(10) Given limited evolutionary novelty per unit of time in an environment, evolution 
by natural selection is inclined to get ‘stuck’ on local fitness optima rather than 
find the most advantageous configuration. 

For the sake of argument, grant both generalizations are true: there are no 

organisms that use our 64 possible codons to code for different amino acids and 

                                                

3 ‘Interesting’ is a loaded term. Presumably, (8) would be interesting even if it were entirely contingently 
true, but only because we have no other examples of life in the universe. If it happened to be true for 
six or seven organisms on Earth– and there was no deeper fact of the matter explaining the 
connection– this arbitrary generalization would be beyond the pale of scientific interest. Thank you to 
Louise Roth for this worry. 
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evolution is a force that pushes to local optima, not global.4 Francis Crick has argued 

(9) is only true because all life originated shares common ancestry (1968).5 Since the 

genetic code’s success at producing amino acids is dependent on its consistency and 

stability, we expect any changes in the code will alter many proteins produced from it, 

at least some of which could prove lethal. It is like swapping the letters ‘e’ and ‘r’ on a 

keyboard: it dorsn’t guaeantrr mrssagrs typrd on that kryboaed will br misundrestood, 

but it eaisrs the peobability. Crick argues his historical explanation accounts for both 

the generality and rigidity of the genetic code. If this is true, it follows that with 

different starting points, the genetic code could have been different. So even though 

we expect (9) to be true everywhere on Earth, we do not expect it would hold true for 

any organisms without this last universal common ancestry. If scientists ever create life 

in a lab or discover alien genetic material on Mars, they would not be surprised if (9) 

did not hold. So a good account of universal biology would seek to avoid claims like 

(9) whenever possible. 

Let’s turn to generalization (10). Unlike some of the other generalizations, (10) 
                                                

4 It has since been argued that 99.97% of codes are less robust than our current code, when accounting 
for such features as hydrophobicity and production of physicochemical-similar amino acids (Wagner 
2005, p. 25). In fact, only one in 20,000 randomly generated genetic codes are more robust  (Haig & 
Hurst 1991). So (9) is a problematic claim at best (see Elzanowski et. al. 2000 for counterexamples 
and Knight et. al. 2001, Itzkovitz & Alon 2007, or Philip & Freeland 2011 for interesting summaries). 
Nevertheless, there are trillions of equally optimal possible codes and no guarantee one of those 
possible codes would not have evolved given a replay of the tape of life. Thus, (9) remains an intuitive, 
historically relevant, and a curious case of a Candidate Biological Generalization, even if many 
scientists no longer believe it. 

 
5 While there is certainly common ancestry, there is assuredly not a common ancestor (Doolittle & 

Bapteste 2007). Lateral gene transfer implies the last universal common ancestor is actually displaced 
in time and space. 
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can be assessed in a number of ways: empirically, theoretically, or by modeling work. 

As we will see, some accounts of universal biology differ dramatically with respect to 

the role of one or more of these methods. Some accounts view universal biology as 

purely empirical, in which claims like (10) would only be assessed using broad, cross-

phyla studies. Other view universal biology as an entirely armchair pursuit, so (10) 

could only be accepted if modeling or theoretical work showed it followed without fail. 

Claim (10) differs dramatically from other kinds of generalizations in biology, so a 

decent account of universal biology must address how it is to be considered in relation 

to other claims. 

So what should universal biology be? It will be helpful to list certain desiderata 

in order to compare my proposed definition to the ones advocated by other authors. 

Adapting from the standard theoretical virtues in philosophy of science (c.f. Kuhn 

1977, McMullin 1982), I propose that good universal biology ought to: 

¥ Define its subject matter 
¥ Seek to avoid vague, arbitrary, false, or trivially true claims 
¥ Be empirically informed and consistent with empirical observations 
¥ Be explicitly and sufficiently justified 
¥ Be a fruitful research program (in the sense of Lakatos 1968) 
 

If a view fails to meet any of these desiderata, it will be less desirable than an 

alternative view that meets them all. In this literature review, I will assess prior 

accounts of universal biology with respect to how well or poorly they meet these 

criteria. I will return to this list in section 3.5 to assess my own positive proposal. 
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2.3 Ð ASTROBIOLOGY : STUDYING L IFE IN THE UNIVERSE  

Astrobiology is the scientific enterprise consciously constructed by NASA in the 

wake of a series of failed shuttle missions and spurred on by several very public 

discoveries in the mid-1990s.6 It is the intellectual successor of ‘exobiology,’ a term 

originally introduced in the mid-20th century (Lederberg 1960). And while exobiology 

sought to study the nature of extraterrestrial life, astrobiology has four goals: 

“discovering the origins, evolution, distribution, and future of life in this universe” 

(Des Marais et. al. 2008). Unlike other disciplines, astrobiology has regularly stated 

goals and methods. These are collected in the Astrobiology Roadmap, a brief statement 

of goals, progress, and future directions co-authored by key figures in astrobiology. 

The most recent version is the 2008 roadmap. In this document, the authors propose 

beginning a new science of Universal Biology: 

 “We must move beyond the circumstances of our own particular origins in order to 
develop a broader discipline, “Universal Biology.” … Thus we need to exploit 
universal laws of physics and chemistry to understand polymer formation, self-
organization processes, energy utilization, information transfer, and Darwinian 
evolution that might lead to the emergence of life in planetary environments other than 
Earth. Clearly an inventory of molecules must exist that is capable of gaining chemical, 
structural, and functional complexity and eventually assembling into living systems. 
This is strongly conditioned on temperature, solvent, energy sources, etc.” (Des 
Marais et. al. 2008, p. 6)  
 

Astrobiology’s approach to universal biology is clearly grounded on physical and 
                                                

6 NASA’s failures included the explosion of the Challenger spacecraft in 1986, the failure of the Hubble 
Space Telescope’s primary mirror in 1990, and the loss of the Mars Observer in 1993. These led to 
several very extensive internal and external reviews. The change of direction was spurred by the 
discovery of suspected water on Mars and Europa, increased research into extremophiles, the 
discovery of extrasolar planets in 1992, and the Allan Hills 84001 meteorite which was thought to 
contain microscopic fossils of Martian bacteria in 1996 (Smith 2004). 
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chemical principles. Given the assumptions that life will supervene on chemistry and 

that physics and chemistry are universal, the astrobiology project seems justified. To 

this extent, there is active debate in the astrobiological community as to what– if 

anything– is essential to life. Astrobiologists worry about assuming life elsewhere 

would require water, carbon, or other chemistry important to life on Earth. Water, the 

universal solvent here on Earth, is most often eschewed in astrobiology circles (c.f. 

Bains 2004, Irwin & Schulze-Makuch 2012, but see Lynden-Bell et. al. 2010), usually 

in favor of liquid methane or ammonia – both of which are expected to exist in various 

spots of our solar system. Nevertheless, NASA’s mantra has been “Follow the Water” 

for many years. Carbon, the fourth most common element in the universe by mass 

(Crosswell 1996), is often accepted as universal, but Carl Sagan (1973) once called this 

view ‘carbon chauvinism.’7 

The fact astrobiology is firmly grounded in science makes many astrobiologists 

reluctant to engage in theorizing about life. Though many astrobiology texts have 

sections on definitions of life, many of them openly leave the question unanswered 

(Gale 2007, Evans 2013), focus on what life does rather than what it is (Darling 2001, 

de Duve 2002a, Lunine 2005, López-García 2007, Feinberg & Shapiro 1980), or 

provide operational definitions without worrying about the theory (Wills & Bada 2000, 

                                                

7 The answer to both questions must be empirical. With respect to carbon, Earth could be its own test 
case, as silicon (carbon’s most likely replacement) is fairly plentiful here. Given this availability, 
biochemical observations about the relative strength of silicon chemical bonds, and the lack of silicon-
based life on Earth, the universality of carbon appears fairly secure. Thank you to Carol Cleland for 
relaying these points to me. 
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Jakosky 2006, Plaxco & Gross 2006, Schulze-Makuch & Irwin 2008). Some 

philosophers have convincingly argued that attempts to define life are premature, 

because we have only one sample common ancestor  (Cleland & Chyba 2002). Others 

have argued all attempts are misguided because attempts to define life have mixed folk 

intuitions with the aims of various sciences (Machery 2011). Finally, the particular 

ways we have approached the problem are epistemically suspect (Tsokolov 2009). So it 

is unlikely any attempt to define life will succeed.8 But even if it is not likely, it remains 

problematic that the astrobiology community has not offered a definition for life nor 

provided a consistent, justified reason why a definition is not necessary for their 

project.  

The reluctance to engage in theorizing is particularly frustrating given that 

astrobiologists have very practical reasons to be concerned with a realistic account of 

what would count as extraterrestrial life. Gilbert Levin, a designer of one of the first 

major experiments to detect life on Mars in 1976, still maintains that his experiment 

aboard Viking discovered life (Levin & Straat 1977, Levin 2013). According to Levin, 

the results were consistent with the then agreed-upon standard for what would mark 

the discovery of life.9 In the four decades and over 20 missions since, NASA has 

                                                

8 In chapter 4, I argue this question is fundamentally flawed. Nature does not separate neatly into ‘life’ 
and ‘non-life.’ In my view, viruses, prions, and protocells are legitimate borderline cases of the 
vagueness between life and non-life. I push for a different way to ‘carve nature at its joints’ than the 
standard life/non-life dichotomy and suggest a study of evolutionary systems is the way out. 

9 Levin’s ‘labeled release experiment’ took Martian soil, isolated it, added various organic ‘nutrients’ 
tagged with radioactive 14C, and observed the release of 14CO2 as evidence that microbes in the soil 
had metabolized one or more of the nutrients. The results in various soils were positive and mostly 
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refused to include life-detecting capacities and has never provided new criteria by 

which to identify life in future missions. One can sympathize with Levins’ claim that 

the goal posts have been moved on his experiment.   

The astrobiology research program is both speculative in questioning our ‘Earth 

chauvinism’ while still being highly constrained by the conditions we expect to obtain 

in the universe. For astrobiologists, possibility is grounded in actuality. With relatively 

few exceptions, astrobiologists disregard large-scale evolutionary effects such as major 

transitions, increasing trends in complexity and diversity, or mass extinctions. 

Astrobiologists are space-directed, focusing on hypotheses testable through either 

astronomical techniques or space travel within the solar system.  

It would be a boon if astrobiologists were genuinely motivated to pursue universal 

biology instead of more local questions, such as how much salt microbes can tolerate. 

Likely because the scientific risk involved, relatively few astrobiologists posit universal 

generalizations in biology. These five are some of relatively few examples: 

(11) Life in this universe will be chemical, carbon-based and use the building blocks of 
Hydrogen, Nitrogen, Oxygen, Phosphorous, and Sulfur (SPONCH) (c.f. Pace 2001, 
but see Bains 2004 for a partial rebuttal) 

(12) Life will use the citric acid cycle (Darling 2001, p. 130) 

                                                

 

negative when the soil was sterilized by superheating. Nevertheless, the three other experiments to 
detect life on the mission produced negative results and showed no organic molecules on the Martian 
surface. The combination of these results was problematic for NASA. NASA has declared the 
discoveries ambiguous and nobody has yet successfully proposed an unambiguous metric for detecting 
life to use in future missions (Soffen 2002). 
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(13) Life in this universe will use ribose (Benner 2004, Impey 2010, p. 64)10 

(14) Life in this universe will be homochiral. That is, wherever life arises, it will have 
same-handed amino acids and same-handed nucleic acids. (Meierhenrich 2008) 

(15) Whatever the hereditary material is, it must have a repeating charge in its 
backbone (Steve Benner quoted in Impey 2010 p. 65)  
 

These hypotheses are all interesting and worthy of examination, but they focus 

more on the chemistry underlying biology than the biology itself. It is likely due to the 

prevalence of geologists, microbiologists, and biochemists in astrobiology that each of 

these proposed universal generalizations are grounded by the universality of 

biochemistry. This issue arose in an astrobiology workshop in 2011.11 The organizer, 

Lynn Rothschild of NASA Ames and Stanford, organized the workshop specifically to 

seek collaboration between evolutionary biology and astrobiology. Rothschild saw the 

need for more evolutionary input in astrobiology. Perhaps future work in astrobiology 

will address issues of wider importance to universal biology. At the moment, however, 

universal biology is still of secondary importance to most astrobiologists. 

It is a detriment to astrobiology that many astrobiologists lack interest in 

evolutionary and theoretical issues, such as the definition of life, which their subject is 

committed to addressing. The overt focus on physics and chemistry also has a 

downside for the practice of universal biology among astrobiologists. Other areas of 

                                                

10 Though perhaps “polymers are media for encoding information” would be a more general alternative 
to this. My thanks to Christian Blouin for this suggestion. 

 
11 The workshop, “Evolution, Astrobiology, and Synthetic Biology: Defining the Common 

Foundations,” was held in the National Evolutionary Synthesis Center. I was one of the few 
philosophers present. 
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biology, including evolutionary biology and ecology could have major implications for 

universal biology. My account, for example, readily incorporates these contributions 

from physics, chemistry, and biochemistry, but also allows for insight from 

evolutionary biology, philosophy, and other disciplines. It is my hope that my account 

becomes accepted as an expansion, correction, and justification of universal biology as 

understood in astrobiology.  

 

2.4 Ð RICHARD D AWKINS Õ I NTERPRETATION  OF UNIVERSAL BIOLOGY  

Perhaps the most regular and zealous evangelist for universal biology is Richard 

Dawkins. In various works, he explicitly explores the concept and invites others to 

pursue it as well (1982a, 1986, 1992, 1995, and 2004). For Dawkins, the universal 

nature of biology simply is the Darwinian orthodoxy. Nevertheless, there is enough 

worthy of investigation within the pillars of Darwinism to preach the advent of a new 

field dedicated to it. Appropriately, the first constituent is Darwinism itself: 

(16) “I predict that, if a form of life is ever discovered in another part of the universe, 
however outlandish and weirdly alien that form of life may be in detail, it will be found 
to resemble life on Earth in one key respect: it will have evolved by some kind of 
Darwinian natural selection” (1986, p. 288).  
 

Generalization (16) is the doctrine Dawkins calls “Universal Darwinism.”  In 

addition to the claim of universal Darwinism, Dawkins suggests other candidate 

generalizations:  
 
(17) “Wherever in the universe adaptive complexity shall be found, it will have come 
into being gradually through a series of small alterations, never through large and 
sudden increments in adaptive complexity” (1982a, p. 412).  
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Dawkins is surely aware of the long historical debate over gradualism and 

saltationism (see Provine 1971, Bowler 2009), threads of which run through the debate 

of punctuated equilibria (Eldredge & Gould 1972) and evolution by subtraction 

(McShea & Hordijk 2013). So (17) is not as ecumenical as it seems. This is not the 

only heterodox position Dawkins accepts as canon. In the philosophy of biology, he is 

best known for his belief in genic reductionism (1976, 1982b, 1982c). In Dawkins’ 

language, evolution proceeds through the differential survival of replicators. 

‘Replicators’ are, simply put, things of which copies are made. Replicators can be 

open-ended (‘germ-line’) or be closed off in some way (‘dead-end’). They can also 

causally influence their own persistence (‘active’) or simply be along for the ride 

(‘passive’). Genes are the exemplars of replicators, but Dawkins is explicit that they 

are not the only replicators possible. In Dawkins’ vocabulary, Darwinism (16) is 

understood as: 

(18) “Active germ-line replicators together with their phenotypic consequences, then, 
constitute the general recipe for life” (1982a, p. 422)  
 

The nature of these replicators, Dawkins argues, is the task of universal biology. 

Consider: 

(19) “Hereditary information is digital not analogue and it is transmitted, irreversibly, 
with exceedingly high fidelity (low mutation rate)” (1992, p. 26).12 

                                                

12 The suggestion of digital replication goes back to Maynard Smith 1986 p. 21 (see section 6.6 for a 
discussion). In that text, Maynard Smith also suggests the genotype-phenotype distinction and the 
possibility of amplification of quantum events into macroscopic ones are universal. 
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(20) “at the gene level, altruism must be bad and selfishness good” (1976, p. 36). 

(21) Replicators are classified more by reference to “their dimensionality and coding 
principles than to their size and structure” (1982a, p. 422).  
 

Dawkins also allows for other types of universal generalizations, though the ones 

he suggests are not intended to be definitive: 

“Nerve spikes convey information by their frequency rather than their amplitude. Is 
this just another fact or could it be predicted for the functional equivalents of nervous 
systems on other planets? …. Can we predict that lifes on other planets will have 
detailed similarities such as triplet codes? Sex? A separation between germ line and 
soma and an equivalent of Francis Crick's ‘central dogma’?” (1992, p. 26) 

The central focus on replicators can be a problem for theorists who view the non-

genetic aspects of biology as equally important. Multilevel selectionists, evo-devo 

theorists, and ecologists who would otherwise favor a universal approach to biology 

might be put off by this account. It’s not necessary for Dawkins to please the elders of 

academia, but insofar as he limits the appeal of his view, he threatens to harm the 

fruitfulness of his view. In other work, Dawkins has restated some of these conjectures 

as expected ‘thresholds’ in the history of biology (1995).13 These thresholds illustrate 

the expected path of life in the planets in which it arises. Dawkins’ proposed 10 

thresholds are as follows: 

 

 

                                                

13 There is some overlap between these thresholds and the major transitions in evolution (Maynard 
Smith & Szathmáry 1995). These books were published the same year and neither work cites the 
other, so the overlap might be accidental. Nevertheless, while Maynard Smith & Szathmáry only 
argue their transitions are of interest to life on Earth, Dawkins thinks some of his are truly universal: 
they form some necessary order, but not all must be passed in all living systems. 
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2.4.1 Ð Origin of replicators and, hence, life 

Not surprisingly, Dawkins is firmly in the school of thought that holds 

that the formation of replicators was the first step in the origin of life. 

He holds this to be a universal trait of life. He describes the replicator 

threshold as what allows for exponential growth in a lineage. It also 

allows for a mixed population engaged in a Malthusian competition. 

Anybody not committed to reproduction as the first step in the origin of 

life might question whether or not this ought to be the first or second 

threshold (for example, the ‘metabolism first’ school, e.g. Trefil et. al. 

2009). Compare this to generalization (19): “Hereditary information is 

digital not analogue and it is transmitted, irreversibly, with exceedingly 

high fidelity (low mutation rate)” (1992, p. 26). 

2.4.2 Ð A distinction between phenotypes & genotypes 

Dawkins says the next threshold is found when replicators have 

consequences that are not directly replicated. He says we can determine 

that this has occurred when the replicators’ success is not determined by 

their own properties, but in virtue of the phenotypes’ causal effects on 

their own lineage. This is comparable to (18): “Active germ-line 

replicators together with their phenotypic consequences, then, 

constitute the general recipe for life” (1982a, p. 422). 
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2.4.3 Ð Engaging replicators working as a team 

The replicator team threshold is interesting for Dawkins because it 

stems from his convictions with regard to genic selectionism. This 

threshold is of replicator teams– sets of genes that do well in the 

presence of each other. Another author would look at this as a higher-

order organization, but it is not necessary here. 

2.4.4 Ð When many cells share common fate 

In which one lineage is incorporated in many cells. This is the first 

specifically hierarchical threshold. In Earth’s evolution, this presumably 

evolved significantly later than earlier thresholds. It is also the first 

threshold that not all organisms on Earth have ‘passed.’ 

2.4.5 Ð Energy abundance and high speed information 

The ‘high-speed information threshold’ is intended to describe 

behavioral adaptations that can take place over individual lifetimes. 

These are expected to be orders of magnitude faster than genetic 

adaptations. I contend this and subsequent thresholds are cases of Earth 

chauvinism (Sagan 1973). It is conceivable, for instance, that worlds 

more distant from their suns will have more chemoautotrophs than 

photoautotrophs. If so, then energy will not be abundant enough to 

allow for such high-speed information processing. Entirely different 
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thresholds will be passed subsequently. They might still count as 

universal if we treat these thresholds as conditionals (in the sense of 

Sober 1997). Dawkins might be hold such a position as he is aware of 

such concerns, but he still continues his project.  

2.4.6 Ð Mankind and other intelligent life-specific thresholds 

Of ten thresholds, humans are arguably the sole creatures to have 

traversed the following four: the consciousness threshold, in which 

organisms become consciously aware of themselves (Dawkins agrees 

that this is a philosophically loaded issue); the language threshold, in which 

organisms are able to exchange information with sufficient frequency 

and specificity to allow for cooperative technology; the cooperative 

threshold, in which cooperative technology develops; and the radio 

threshold, in which it is possible for observers outside the system to notice 

the ‘information explosion.’ 

2.4.7 Ð Space travel and ongoing interstellar colonization 

In which biological organisms explore the areas outside the solar system 

in which they arose. Life on Earth has not yet crossed this threshold, 

but is presumably on track to do so. 

He expects the first threshold to be truly universal and the next two to proceed 

inevitably with enough time. Beginning with the fifth threshold, Dawkins holds that 
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individual evolutionary contingencies might change the particular ways these 

thresholds are realized. I agree we do not have enough understanding to make 

assessments about the final five thresholds. Nevertheless, the global focus seen in these 

thresholds might be a useful way to think about universal biology. 

One major problem with the Dawkinsian framework is that it provides no 

practicable research program. With the exception of the thresholds, which are 

nominally chronologically connected, each of Dawkins’ suggestions is independently 

generated and justified. Dawkins urges science to take on the subject, but it is unclear 

how he expects others to investigate his hypotheses or generate new ones. It is worth 

noting that many of the examples provided follow from his own areas of interest rather 

than from some specific methodology. Perhaps Dawkins views his work on replicators 

as a contribution to universal biology. If so, then he seems to be suggesting his own 

project can be rechristened as part of universal biology. His own work often addresses 

the topics he considers to be universal biology. He defends and justifies (16) in various 

works (1982a, 1986, 2004), (17) is the focus of a chapter in 1986, (18) is the focus of 

1982b and 1984, (19) is discussed in 1995, and (20) in 1976. If Dawkins’ research is 

universal biology, then a good portion of philosophy of biology is too. 

This leads to a second issue with Dawkins’ framework: there is no explication as 

to how or whether science can inform universal biology: (16) through (21) are all a 

priori claims while thresholds are conjectures. Perhaps empirical work can serve to test 

these, but there’s no explicit suggestion of how it could serve to generate them. 
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Dawkins has not attempted to provide a way in which physics and chemistry relate to, 

underlie, or inform universal biology. Perhaps this is on purpose. Since his work 

allows for the possibility of cultural evolution (1976) and he takes artificial life to 

provide evidence for universal biology (1992), I suggest he does not view this 

endeavor as fundamentally limited to biological life in this universe (a view I endorse 

in chapters 5 & 6). Instead, he is exploring the mechanics of Darwinism, wherever 

they arise. Though this is interesting, it is silent about entire kinds of potential 

generalizations such as the universality of carbon (11), as discussed in section 2.3. 

In sum, Dawkins is right to suggest universal biology as a worthwhile project and 

many of his candidate biological generalizations are worth considering. Some theorists 

might view his account as problematic because they may not necessarily agree with his 

ontological commitments. This is not merely a sociological point– if the ontology of a 

universal biology requires genic selectionism and the current consensus of biologists is 

against genic views, then Dawkins’ universal biology is in trouble. And unlike the 

astrobiologist’s focus on empirical work, Dawkins gives scientists little direction as to 

how to proceed in the practice of universal biology. More guidance is needed to make 

his account practicable. 

 

2.5 Ð A D ESIGN SPACE IN D ENNETT ÕS IDEA 

We continue our literature review chronologically by setting our sights on DarwinÕs 

Dangerous Idea, Daniel Dennett’s critical examination of Darwinian thought. In it, 
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Dennett takes a bird’s eye view of Darwinism in a way that has implications for 

universal biology. Dennett develops a concept of a multidimensional Design Space 

that unites every possible organismal design.  Each lineage occupies a certain coordinate 

in Design Space and evolves as it travels through the space. Most of the time, lineages 

have access to only a very small percentage of this design space, requiring new 

evolutionary innovations, or ‘good tricks,’ to open up further, desirable areas. If a 

species occupies a location in which all accessible paths lead to death, it either stays 

static or goes extinct. If there is only one possible path from a certain coordinate, that 

path is said to be a ‘forced move.’ Dennett’s universal biology is, then, a study of the 

Design Space metaphors (the ‘forced moves’ and ‘good tricks’) expected to apply to all 

organisms in the universe.  

He holds there are no necessary or essential features of life. Nevertheless, there 

are features that predictably occur in all living organisms. Consider the claim that 

organisms require physical boundaries, to be discussed in section 3.1. It is generally 

assumed that physical boundaries are necessary features of life. This is sometimes 

considered true by definition: the concept organism automatically implies an embodied 

object. Dennett denies this. His approach is that we must think of physical boundaries 

as the only acceptable solutions of a bad lot. If collections of chemicals could trust other 

bags of chemicals to not steal their nutrients through osmosis, they would not need 

physical boundaries. Since blind trust is not a viable strategy, physical boundaries are 

the only reasonable way out. Boundaries are a forced response to the problem of 
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entropy in the universe. The fact that we live in a universe with entropy ensures that 

organisms will always have boundaries of some sort. It’s not philosophically necessary, 

but it is still expected to be a universal feature of life everywhere (1995 p. 124-135). 

Because design space includes actual designs of organisms, a major advantage of 

Dennett’s account is that it deals with the particular features that interest biologists–

 like vision, flight, and multicellularity. So Dennett’s account is both intuitive and 

interesting. However, good tricks and forced moves are only of marginal use to 

universal biology unless there is a way to learn what they are sight unseen. Given an 

organism, it is possible to have some degree of confidence as to which of its features 

are adaptive. But what matters is predicting adaptive features in lineages we have yet 

to encounter. Somehow– through an engineering or developmental analysis perhaps– 

we should be able to determine if a trait of interest will be a good trick for a particular 

organism in a particular environment. But this can’t even be done retroactively! To 

illustrate this, let’s turn an eye to some important features of Dennett’s account. Let us 

suppose, as Dennett does, vision is a good example of a ‘good trick’ (1995, p. 129, 203, 

424). By this we mean: 

(22) Vision is so advantageous that it will likely evolve in all living systems.  
 

By vision, (22) refers to the ability to perceive and represent the surrounding 

environment using the information from the narrow part of the electromagnetic 

spectrum that bounces off most solid objects and goes through most non-solid objects 

(about 390nm – 700nm on the electromagnetic spectrum). Note that (22) does not say 
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vision will always evolve in all lineages– some might be better served by other 

strategies, some might not have the option available for developmental or other 

reasons, and some might simply go extinct before the strategy arises. In this way, 

Dennett can hold that vision is still an example of a ‘good trick’ in the lineages in 

which it arises.  

Consider only the vision found on Earth. Though vision arose relatively late in 

Earth’s evolutionary history, it has independently evolved at least 40 times in Earth’s 

evolutionary history (Land & Fernald 1992). Many of these instances involved the 

same PAX6 gene, which acts as a master control for sensory organs and is coopted by 

evolution to do a number of functions, but is not itself predictive of lineages developing 

eyesight (McGhee 2013). Nevertheless, that so many other affiliated structures 

evolved independently is interesting evidence. At first glance, it might appear a benefit 

for all organisms to be able to see their surroundings. For many organisms, however, 

this is impossible. Vision– as we know it– is not possible at a microscopic level. And 

vision might be a resource-draining hindrance to many other organisms. Eyes would 

be a cruel, resource-draining joke on trees, for instance. So it seems that for vision to 

be worthwhile, a certain size and motility must be a pre-requisite. This is still 

acceptable in Dennett’s grand vision, assuming these pre-requisites can be listed. But 

any informed attempt to do just that will show how difficult this task is. Consider: 

 
2.5.1 Ð Why defining vision is likely problematic 

One might think it is obvious what counts as vision and what doesn’t. Eagles 
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have vision and plants do not. Although many bats can ‘see’ things around them 

using echolocation, this mechanism is not vision because it is insensitive to light. 

Things become blurrier when we move back in evolutionary history, however. 

The first reflectors in 508 Ma were precursors to vision, but are only vaguely 

vision-like (A. Parker 2011). A light-sensitive patch of skin might help a 

creature avoid its predators under special conditions, but the same patch would 

also help a flower better track the sun. Under most people’s intuitive definitions, 

one of those seems like a proto-vision, the other does not.14 We might be 

tempted to solve this quandary by resorting to something like a selected effect 

functional role (Wright 1976). But some bats use echolocation in a similar 

functional role as vision, so we’re going to have to be extremely precise in our 

analysis in order for the claim of vision being a good trick to be meaningful.  

2.5.2 Ð Sunlight and limiting conditions for vision 

Like humans, many organisms on Earth can observe only within the visible 

spectrum. Part of the explanation for this is surely that the sun’s rays peak 

output is in the yellow-green wavelength of visible light (500nm, Golub & 

Pasachoff 2001). If the sun were a red giant instead of a yellow dwarf, it would 

peak in a different part of the electromagnetic spectrum and different areas 

                                                

14 This may reflect a problem with our innate rather than a deeper issue about the science. Maybe nature 
does not carve out the kind ‘vision’ in a way that makes sense to us as humans, and so the term ‘proto-
vision’ is inextricably value-laden. But this is precisely the point: we must be clear on our concept of 
vision before we can even begin to assess this claim. Thank you to Louise Roth for this concern. 
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would be useful. If the Earth orbited a binary star, the formula would be much 

more complicated (see Kiang 2008). 

2.5.3 Ð Atmospheric and environmental assumptions of vision 

Due to the Rayleigh scattering effect, our atmosphere only allows for a narrow 

band of the electromagnetic spectrum to pass through (Golub & Pasachoff 2001, 

p. 56-7). Indeed, this is why the sky appears blue in the daytime. If our 

atmosphere had a different combination of nitrogen, oxygen, and hydrogen, 

different rays would reach the Earth and thus sensitivity to different input 

would be selectively advantageous. Currently, most seeing organisms on Earth 

use sight use the visible spectrum, but some creatures, such as birds, insects, and 

fish, can perceive greater parts of the electromagnetic spectrum. The mantis 

shrimp, for instance, can perceive well into infrared and ultraviolet as well as the 

circular polarization of light in water (Chiou et. al. 2008). These details make 

any tentative definition of vision difficult. Nevertheless, Shklovskii & Sagan 

(1966, p. 351) argue the visible wavelength (and the >3cm radio wavelengths) 

would be available in all planetary atmospheres. But surely in some planets, as 

in Venus, natural selection would prefer organisms sensitive to x-rays and radio 

waves than light or UV. Life on Mars would do better if it were sensitive to 

infrared. 

2.5.4 Ð Environmental and selective pressures affecting vision 
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Vision would be fruitless if organisms operated in an environment in which 

threats and opportunities were insensitive to light. Many bats, for example, rely 

more on echolocation than they do vision for that very reason. It is easy for 

medium-sized dry mammals like us to assume our sense of sight is desirable, but 

the vast majority of our planet is fundamentally different. For example, vision is 

not a ‘good trick’ in the darkest parts of the ocean, as exemplified by the 

plethora of blind fish species at those depths. 

2.5.5 Ð Organismal constraints limiting evolution of vision 

There are many more constraints on vision than merely the size constraint 

discussed earlier. Vision is complex enough to require organisms with enough 

resources and energy to process the information that light can provide. The first 

known eyes with lenses evolved about 521 million years ago during the 

Cambrian explosion (A. Parker 2011). Camera-type eyes took millions of years 

longer to originate. So for 4 billion years, nothing on Earth resembled vision. 

Perhaps this feature is too nested within deeply contingent essential accidents to 

be expected to arise in all evolutionary systems. 

2.5.6 Ð Mechanical constraints limiting development of vision 

If we just count the 16 orders of magnitude typically used in charts that 

represent the electromagnetic spectrum, visible light only covers about a third of 

an order of magnitude. If the electromagnetic spectrum were a football field, 
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visible light would be about the thickness of a shoelace. But the selection 

concerns pale in comparison to the mechanical constraints, as experiencing the 

entire spectrum is mechanically impossible. To ‘see’ radio waves with any degree 

of resolution would require a half-mile diameter ‘eyeball’ (Shkolovskii & Sagan 

1966, p. 351). An organism could ‘hear’ radio waves, but this would abandon the 

general claim, vision is so advantageous that it will likely evolve in all living 

systems, in favor of an ill-defined alternative. 

2.5.7 Ð Evolutionary concerns with respect to vision 

One possible solution might be to simply list design problems and posit 

engineering solutions to those problems. But if we take that approach, our 

conclusion should be to posit that it’d be a good trick for organisms to perceive 

the entire electromagnetic spectrum. This is impractical for several reasons. First, 

selection for this broad of a range would be resource intensive to the point of 

being a selective disadvantage. Second, outside being aware of the threat of 

radiation, there is no selection pressure to experience the entire spectrum, as the 

small portion that makes tangible objects visible would work just as well. The 

point is that there are many potential problems vision solves and many possible 

solutions for those problems. It is not immediately obvious if vision is the 

optimal solution to such problems. We can use information from life on Earth, 

but simple prevalence is not enough to suggest universality, as it could come 

about for any number of contingent reasons (Gould 1990, Mariscal & Powell In 
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Manuscript). 

Vision may still count as a good trick, but it can only be described as one within 

some very precise assumptions.15 One can see how such assumptions could easily 

backfire.16 Consider the German mathematician Christian Wolff who, in 1735, 

calculated the size of creatures on other planets. Assuming (1) creatures have eyes (2) 

height is proportional to the size of the eye, (3) the square of the diameter of the pupil 

is proportional to available light intensity, and (4) Jupiter is 26/5 the distance from the 

Sun as Earth, then the average height of creatures in Jupiter should be about 13.57 

feet (Grinspoon 2003, p. 27)! We cannot lose sight of the ultimate goal: to discover 

justified universal truths about life everywhere. 

Parallel reasoning can be used to approach the concept of forced moves. Just 

because a move appears necessary to the observing scientist doesn’t mean there is not a 

better option available to an organism in that situation. As Orgel’s second rule states, 

“evolution is cleverer than you are” (Dunitz & Joyce 2013). We must be very watchful 

before we conclude a forced move is actually a feature of universal biology. And yet it 

looks likely that some forced moves are worth considering– the reasoning behind the 

                                                

15 Consider the reverse of a good trick: a bad trick. Here are two reasonable candidates– “organisms will 
never kill their offspring” and “organisms will never kill themselves.” But both are sometimes violated. 
In certain circumstances, organisms paradoxically further their own lineage by doing just such 
actions. The fact good reasoning is so easily shown to be in error should make us take pause. 

 
16 In a sense, this is a corollary to Sober’s critique of Beatty, discussed in in section 1.6. The conclusions 

of universal biology must be in the form of conditionals. Given certain conditions we can expect vision 
to evolve. Being clear about the necessary conditions is essential if we are to make progress in 
universal biology. 
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ubiquity of carbon (11), discussed in section 2.3, for instance, appears apt under very 

basic conditions in this universe. By extension, some very general good tricks should 

also be considered. Our care must be in proportion to the underlying assumptions of 

each move or trick. We can think of this confidence as a continuum– there is more 

reason to be skeptical of some claims than others. A practicable universal biology must 

be able to separate the useful, interesting claims from more tenuous assertions. 

We saw how astrobiology focused on physical & chemical concerns to the 

exclusion of biological theory and how Dawkins’ account focused more on his own 

philosophy than developing a practicable plan for practicing scientists. The lesson to 

take from Dennett’s account is that it is too optimistic. Dennett focuses heavily on his 

design space, a heuristic tool that glosses over the answers to the problems it is 

designed to solve. If a universal biology is to work, we cannot simply look at the 

repeated designs in present biology unless we’ve taken plausible variables into account. 

We must somehow avoid claims that require many contingent preconditions, such as 

vision the way it was formulated in (22). Future data might entice us to reconsider this 

exclusion, but that is work for future science. Indeed, I fully expect that similar 

pragmatic reasons will eventually consider highly contingent outcomes. Consider the 

following, entirely plausible, scenario: the European Space Agency’s PLATO17 

program succeeds in finding an Earth-like planet with oxygen in its atmosphere. It 

happens to orbit an M-Class sun at a distance that puts it at the very limit of the 
                                                

17 PLAnetary Transits and Oscillations of stars. Astronomers love backronyms. 
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Habitable Zone. Curiously, the planet is discovered to contain large quantities of 

methane in its atmosphere as well. With specific data, universal biology can inform the 

study of possible biology. In the PLATO situation, it will entirely reasonable to ask 

what good tricks such a discovery rules out. With more data, it might even become 

reasonable to ask what forced moves are ruled in. 

 

2.6 Ð STERELNY & GRIFFITH ÕS SEX &  DEATH 

In Sex and Death, Kim Sterelny and Paul Griffiths make a thorough attempt to 

develop a universal biology. Their final chapter, “What is Life?” begins a discussion of 

the philosophical history of defining life. Though dozens of people have attempted to 

provide an adequate definition of life, the project has proven to be a dead end (see 

chapter 4). Sterelny & Griffiths do not think this is a deathblow to biology; they argue 

biological work is neither impeded by lacking a definition of life nor would be 

augmented with the addition of one. Failing to adequately delimit life, they argue, is 

not a hindrance to progress– humans understood that gold was different from lead 

long before they knew what properties made each unique (but see section 1.7). 

They make two separate proposals for universal biology, a ‘pattern’ proposal and a 

‘mechanism’ proposal. Let’s begin with the pattern proposal, which aims to find general 

patterns in biology and construct universal hypotheses to explain them. These can be 

as broad or specific as possible. One such claim is Gould’s notion that the increase in 

mean complexity over evolutionary time is due to the fact life starts close to the point 
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of minimum complexity. As we just did with vision, it may be helpful to break down 

this claim into its constituent parts to see how it counts as universal: 

1. An increase in mean complexity over large amounts of evolutionary time is expected 
due to the fact that life started close to the point of minimum complexity (Gould’s 
point).18 

2. It is extremely probable that life will start close to the point of minimum complexity 
in all life-worlds (Universal supposition). 

(23) Because of 1 and 2, there will be an increase in mean complexity over large 
amounts of evolutionary time in all life-worlds. (Pattern claim in Universal Biology)  
 

Gould (1996) does not state his argument in this way– he is interested in making 

the narrower case that this occurred in the history of life on Earth. And yet, given the 

relatively uncontroversial premise 2, his argument is universal in scope. Under the 

patterns proposal, any of the universal claims (1) through (23) discussed so far count 

as universal biology. The only necessary feature is an actual, observable pattern to 

ground our claims. 

The pattern approach poses problems if it is not limited. Consider that patterns in 

life are expected for a number of reasons, including laws of nature, natural selection, 

evolutionary bottlenecks, chance, or observer bias, to name a few (see de Duve 2005). 

A pattern caused by laws of nature will be expected in biology everywhere, but an 

accidental pattern produced by mere chance is unlikely to ever arise. If there is no 

distinction between the degrees of necessity expected, universal biology becomes 

merely a way of counting accidental generalizations in biology. Since we have 

                                                

18 We can ignore the implicit claim that life is not also a driven trend toward increased complexity. 
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extremely limited data on the matter (all life on Earth likely has common ancestry), 

this venture is stopped dead in its tracks. Sterelny & Griffiths must mean something 

more restrictive than accidental generalizations in order for universal biology to not be 

at death’s door. 

Without an account of why these patterns exist, universal applicability is difficult 

to justify. For the Gould pattern, it is easy to see how it is not a mere accidental 

generalization: it has to do with the universal supposition of premise 2. Without the 

universal supposition, the argument is dead in the water. But universal suppositions 

are only justified for some sorts of patterns, not others. It may be helpful to look at a 

more difficult example: 

 (24) It has been argued that reaching senescence is an expected life cycle of all 
organisms (Bell 1984). That is: organisms always die.   
 

Case (24) is clearly a hypothesis about a robust pattern of life on Earth. Using 

some simple reasoning, it can be extended to include a universal supposition. The 

problem is that there is no shortage of universal suppositions. The hypotheses to explain 

senescence include antagonistic pleitropy, disposable soma, mutation accumulation, 

reliability theory, extrinsic mortality, genetic constraints, and chemical damage, among 

others.19 We have our pick of universal suppositions to explain the ubiquity of 

                                                

19 The non-specialists’ guide to these theories: Mutation accumulation is the simple thesis that mutations 
accumulate over time and break down the body, leading to death. Antagonistic pleiotropy holds that one 
gene can have positive effects in childhood, but detrimental effects in adulthood. Disposable soma theory 
holds that evolutionary investments in reproduction are favored over investments in longevity. 
Telomere loss theory suggests the fact that DNA has telomeres is the cause of aging (note that this might 
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senescence, each of which produces different expectations for how often and in which 

systems we expect senescence to obtain. If we expect mutations to occur everywhere in 

the universe and mutation accumulation is the correct explanation for senescence, then 

the expectation is death will be certain in every living system. If, on the other hand, 

antagonistic pleiotropy or genetic constraints are the explanation, then life based on 

different biochemical bases might not senesce. Before we can accept senescence as a 

universal pattern, we need some principled way to choose between these 

suppositions.20 Abundance is not enough to explain our confidence in the generality of 

biological claims. 

If the pattern proposal is dead on arrival, Sternly & Griffiths have an alternative 

proposal. The second account focuses on discovering recurrent causal mechanisms in 

biology. They explicitly avoid the question of whether or not there are universal laws 

in biology on the grounds that such a picture of laws may be oversimplified (see 

Cartwright 1983). It is unstated in their mechanisms proposal whether these causal 

mechanisms trace their origin to exceptionless biological laws, fundamental physics, 

                                                

 

be a non-universal explanation). This is related to chemical damage, which posits that metabolism 
damages DNA over time leading to mortality. Extrinsic mortality theory emphasizes the role of 
predators having more chances to kill long-lived individuals. Obviously these are all misleading 
slogans of more complicated theories, but space constraints prevent me from spending any more time 
on these issues. See Medawar’s spectacular 1952 discussion, Williams 1957, or Kirkwood 2005 for 
more. 

 
20 It is possible to accept the matter as overdetermined, in which case the expectation is that the feature 

will arise at least as often as in the most general expectation. This opens up other problems: some 
universal suppositions might make opposing predictions in some cases. 
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probability, or anything else. In the mechanisms approach, a scientist seeks underlying 

causal mechanisms for how organisms, populations, or evolution work on Earth. Then, 

if these mechanisms are expected to hold in other situations in the universe, they are 

accepted as claims in universal biology. The paradigmatic example of a mechanism is 

(16) natural selection itself. Suppose evolution by natural selection is the cause of all 

adaptations on Earth. If this is so, and the conditions for natural selection are expected 

to hold in other life-worlds, then natural selection is a mechanism of universal biology.  

Sterelny & Griffiths suggest three more mechanisms: 

 

(11) the chemistry of life is inevitably carbon-based. 

(25) All ecosystems will have fewer apex predators than primary producers. 
(Colinvaux 1979). 

(26) early aspects of development are increasingly conserved (c.f. Wimsatt 1986).  
 

The mechanisms approach reveals a further flaw with the pattern approach. Think 

back to the Gould argument for increasing complexity, (23). If you’ll look at the 

universal supposition, you’ll note there is a mechanism implied by the first premise – 

“life started close to the point of minimum complexity” – that explains why the pattern 

holds. But if this is true, then the pattern approach is dead weight: it is be both 

redundant and inferior. So why suggest it at all? Perhaps it is merely a way to track 

down mechanisms, or maybe the example is merely infelicitous, but the increase of 

complexity over evolutionary time, (23), is their flagship suggestion of an evolutionary 

pattern. 
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This discussion brings us to the question of whether the mechanism approach is 

worthwhile. It is appealing in that it provides a methodology for approaching universal 

biology. In short, universal biology proceeds by discovering recurrent causal 

mechanisms of life on Earth. Unclear in their approach is why we would expect these 

recurrent causal mechanisms to obtain in other worlds in which life exists. 

Presumably, they think that it is obvious or that this can be done on a case-by-case 

basis. But ultimately, (23) is a claim about probability, (11) is a claim about chemistry 

and natural selection, (25) is a claim about thermodynamics, and (26) is a claim about 

evolutionary principles. Each of these will be discussed further in chapter 3. Even 

though we might expect all of them to be features of biology everywhere, our 

justification for each is fundamentally different. As more contingent antecedents are 

needed to justify a claim, our confidence in accepting any recurrent causal mechanisms 

which depend on them should diminish correspondingly. Their account of universal 

biology does not address this issue, but dealing with it dead on is crucial to the success 

of the project. 

 

2.7 Ð LEADING  KAUFFMAN ÕS INVESTIGATIONS OF GENERAL BIOLOGY  

One final view to consider is developed by Stuart Kauffman. Kauffman is best 

known for his books on the spontaneous emergence of order and complexity, Origins of 

Order and At Home in the Universe. In his 2000 book, Investigations, Kauffman takes a new 

subject: universal biology, which he calls ‘general biology.’ Kauffman’s approach is 
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substantially different from previous views. Rather than focus on the conditions and 

consequences of evolution, Kauffman develops a general biology based on individual 

organisms. For Kauffman, organisms on Earth are examples of molecular autonomous 

agents. Kauffman defines an autonomous agent as “a system capable of self-

reproduction and at least capable of performing one thermodynamic work cycle” (2000 

p.4). 

In Kauffman’s usage, work is the constrained release of energy, a cycle is any 

process that returns to its initial state, and self-reproduction is the ability for a system to 

create new systems of its own kind. An autonomous agent is a set of systems able to 

release energy in a repeatable, constrained way, which can also create new systems of 

its own kind. A single-celled organism is an exemplar autonomous agent because it 

metabolizes food or light into energy (a work cycle) and can reproduce (be part of a 

self-reproducing system). Kauffman implies that many-celled organisms can also be 

autonomous agent, but holds that viruses do not qualify because they do not perform 

work cycles (Kauffman 2008, p. 85, but see Pradeau 2012 for an opposing position). 

To make sense of what Kauffman means, it is necessary to think in terms of 

thermodynamics. It is crucial to this definition that autonomous agents are not at 

thermodynamic equilibrium nor are made using purely energetically favorable 

reactions with no outside source of energy (exergonic). Autonomous agents require 

available energy from the environment. This is how they bring about thermodynamic 

work cycles. Purely exergonic reactions could not cycle, as each reaction would bring 
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the system closer to equilibrium. Because autonomous agents can remain at 

thermodynamic disequilibrium, there are no a priori reasons autonomous agents 

couldn’t continue existing until the end of the universe. Kauffman thinks of these 

agents as sets of systems because he is concerned with systems bringing themselves 

about. If process A produces process B and vice versa, the A+B  system is self-

reproducing even though neither part faithfully reproduces itself. The issue gets 

significantly more complicated when the cycles aren’t quite so neat, but that is a 

separate issue (see work on biological individuality, e.g. Bouchard & Huneman 2013).  

Kauffman’s approach is extremely innovative. Nobody has suggested what 

Kauffman is proposing in quite the way he has. One important feature is that his 

definition is substrate-neutral. Autonomous agents can exist anywhere energy and 

processes exist. The autonomous agents realized by chemistry, termed ‘molecular 

autonomous agents,’ are the focus of Investigations. According to Kauffman, life is made 

of molecular autonomous agents and should be defined as such. But the claim that the 

autonomous agent criteria are necessary and sufficient for life is too strong and likely 

all attempts to do this will fail (see chapter 4). Yet Kauffman might still hold the 

principles of autonomous agenthood are necessary features of life. According to 

Kauffman, “life is an expected, emergent property of complex chemical reaction 

networks” (2000 p. 35). If this is the case, then whenever life arises, then autonomous 

agents are likely to be found. 

This way of framing Kauffman’s system leads to another worry. Recall that 
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autonomous agent are defined as a set of systems capable of self-reproduction and 

capable of performing at least one thermodynamic work cycle. A curious worry 

remains unaddressed. There can be work cycles without self-reproduction, but can the 

reverse exist? Shouldn’t the process of reproduction also count as a thermodynamic 

work cycle? It’s unclear how much of a problem this is. It might be a useful 

redundancy to specify the set of all work cycles that reproduce, but the issue has 

remained unaddressed.  

So Kauffman builds up his account from the concept of autonomous agents. He 

imagines a ‘catalytic system space’ uniting all catalytic reactions (2000, p. 61).21 

Reactions closer to each other in catalytic system space are more similar in some 

objective sense. In this context, an autonomous agent can now be defined as ‘a set of 

paths through catalytic system space that can create new paths and perform at least 

one cycle through catalytic system space.’ From this formulation, Kauffman thinks he 

can derive general laws. Here, universal biology is the study of boolean networks in 

which molecular autonomous agents participate. There is a worry his definition is too 

stringent: how can claims such as the universality of carbon (11), homochirality (14), 

or senescence (24) fit in this picture? To the extent that we want a universal biology 

that accounts for these regularities, Kauffman’s approach is a poor fit. Yet if viewing 

biology as a network proves more fruitful than the alternatives that include claims like 

                                                

21 Following in the footsteps of Raup, Dennett, Godfrey-Smith, and Kauffman, in chapter 6, I develop 
my own space.  
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(11), (14), and (24), perhaps our universal approach should take that route. Among 

the interesting consequences of his view, Kauffman proposes four candidate “laws” he 

suspects he has discovered. They are: 

(27) Systems of autonomous agents will not evolve toward a highly orderly state (as in 
crystals, where change in one area is localized and has no lasting consequences for the 
system of crystals as a whole) or a disorderly state (like weather, in which any change 
completely disrupts the system). Instead, systems of autonomous agents will be just at 
the ‘edge’ of the orderly state– near the disorderly state. This is because only systems at 
this edge are able to discriminate between signals and while still being significantly 
noise-resistant. (Compare this to claims (3) and (4) about evolution being strongly 
contingent, as discussed in section 1.5 & 1.6.) 

(28) On short timescales with respect to coevolution, a community of agents will reach 
a self-organized critical state with some maximum number of species per community. 
Near that maximum, a power law distribution of local extinctions will occur. In other 
words, species will ‘fill’ their environment and occasionally push each other to 
extinction. 

(29) On long timescales with respect to coevolution, autonomous agents will couple to 
and change their environment. This will yield a power law distribution of extinctions, 
speciation events, and species lifetimes. 

(30) Biospheres expand their diversity and constructed, coevolved complexity 
increases, on average, ‘as fast as it can’  (2000, p. 160, but see England 2013).22 

 

These laws are interesting and worth considering with respect to biology, but we 

need not accept his account in order to consider these proposals on their own merits. 

Kauffman’s approach can illuminate and add to the discussion of universal biology, but 

his account is limited in the kinds of biological claims possibly regarded as universal in 

scope. This being said, the results of his research program will certainly be relevant to 

any account of universal biology, even if they have different justificatory bases. 

                                                

22 (27) through (30) are, again, extremely oversimplified versions of Kauffman’s Laws 1-4.  Many of 
these concepts only make sense after reading all of Investigations. The last law, (30), for instance, is 
Kauffman’s proposal for a fourth law of thermodynamics. 
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2.8 Ð CONCLUSION  

In this chapter, we have seen several approaches to universal biology. 

Throughout, I have highlighted problems with each account. Astrobiology has as yet 

not produced a view of universal biology, nor has a unified approach been proposed in 

earnestness. Dawkins, who is likely the project’s most ardent proponent, seems to view 

universal biology as another aspect of philosophy of biology, leaving unstated the way 

in which empirical work can come into the picture. Dennett’s work is too optimistic of 

what we can infer from our own position on Earth. Sterelny & Griffiths, I argued, 

produced two separate accounts of universal biology that were complementary, but 

both approaches ultimately leave out what it is that grounds our confidence in any 

aspects of universal biology.  Finally, Kauffman has an entirely different approach to 

universal biology. If his account actually captures life, then his account would be the 

way to go (see chapter 4 for a rebuttal). Unfortunately, I suspect most biologists would 

be unsatisfied with his account as an approach to universal biology. Many would see it 

as nothing more than complexity theory with interesting biological consequences. 

In this chapter I have gone over some of the most well known approaches to 

universal biology. Each suffered from flaws of some sort, though none of the flaws 

were ultimately fatal to the respective projects. The most obvious drawback is how 

little each account has been developed and pursued since it was first proposed. In my 

reading, this is because all of the accounts sought to promote the project rather than 

develop its details. Each is merely a call to action for further work rather than actually 
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developing a workable account. Consider the passage in section 2.3 or the following 

quotes:  

“I have not thought enough about the fantasies of the previous paragraphs to evaluate 
their plausibility” (Dawkins 1982a, p. 423). 

“When it comes to universal biology, then, we are left shivering on the brink, nervous 
virgins wondering about sex” (Sterelny & Griffiths 1999, p. 376). 

“A general biology does indeed await us.” (Kauffman 2000, p. 48)  
 

But universal biology can begin. It has. I have highlighted dozens of examples 

throughout, some of which are very plausible hypotheses about biology everywhere in 

the universe. In the next chapter I will propose my own view, which is designed to 

assess and justify each of these hypotheses in a universal framework. My account 

focuses on underlying assumptions in biological claims. Simply put, if the explanatory 

claims of a certain biological phenomenon make no reference to any contingent facts 

here on Earth, are well understood, and have conditions expected to hold in other 

places in which life might develop, then we are justified in accepting them as universal. 
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CHAPTER  3 Ð 

Regarding Biology as a Universal Science 

 

3.1 Ð I NTRODUCTION  

Physics, as the study of matter and energy, is thought to be a universal science. 

Some features in physics are expected to hold even for objects we have yet to 

encounter. Biology, as the study of organisms on Earth, is not typically considered 

universal. Nevertheless, as we saw in the last chapter, some researchers have proposed 

a universal approach to biology could be justified. In this chapter, I will propose my 

own account as an alternative.  

In order to better understand what will be required for regarding biology as a 

universal science, let us begin with some example candidate biological generalizations: 

(31) all organisms have a lipid bilayer1 

(32) all organisms have physical boundaries  

Let’s grant that both of these generalizations are true and try to understand what 

justifies them. By understanding the justification of these generalizations, we will be 

better able to assess why they hold, how they hold, and to what extent they are 

expected to hold in the future. 

Generalization (31) refers to the continuous, semi-permeable membrane 

                                                

1 Viruses do not have lipid bilayers. This is worth exploring independently, but is an unnecessary detail 
for my purposes. Instead, let’s consider (31*) all metabolizing organisms have a lipid bilayer. Thank 
you to an anonymous commentator for pointing this out. 
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responsible for keeping the machinery of a cell on the inside and everything else 

outside. The lipid bilayer is a beautifully effective solution to an Earth-wide design 

problem for biology: the prevalence of liquid water. Typically, biological membranes 

are composed of a particular molecule called a phospholipid, which has two ends: one 

that loves water (hydrophilic) and one does not (hydrophobic). When phospholipids 

are exposed to water, they spontaneously arrange in such a way that the hydrophilic 

heads face the water while the hydrophobic tails aggregate inside, see Figure 3.1. Since 

life as we know it uses water as a solvent, it makes sense that the basic units of life 

would be able to withstand exposure to water. Lipid bilayers are an extremely effective 

way to do this. 

 

Figure 3.1 Ð Phospholipids typically make up the lipid bilayer of cells on Earth. 
Phospholipids have an end that spontaneously orients toward water (hydrophilic) and one 
that orients away from water (hydrophobic). When exposed to water, they form simple 
micelles, but arranged as a bilayer in cells, they face both the inside and the outside of the 
cell. Lipid bilayers are selectively permeable. A perfectly permeable membrane is useless; 
one that is perfectly impermeable would be detrimental. 

Even if water is not present everywhere on Earth, many astrobiologists believe it 

was essential during the origin of life. A lipid bilayer (31) thus appears to be the best 
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answer life has found to thrive in the presence of water. If we restarted life on Earth, 

lipid bilayers would likely arise again and again. Because physical borders would be a 

great design solution for any liquid environment,2 these claims each have a different 

scope: (31) requires a polar liquid like water, whereas (32) would easily be true of life 

based on liquid methane (CH4), ammonia (NH3), or even Hydrogen Sulfide (H2S) 

(c.f. Irwin & Schulze-Makuch 2012). But (31) depends on the presence of water 

whereas (32) only relies on a physical distinction between the inside of an organism 

and its environment. So lipid bilayers (31) are a version of physical boundaries (32). 

Even if they always co-occur in all cases of actual life, there is no possible example of 

lipid bilayers (31) holding without physical boundaries (32). In this sense, (31) is a less 

general proposition than (32).3 Note that since the justification for physical boundaries 

does not depend on Earth’s initial conditions, (32) would be expected to hold wherever 

life exists. Not only would a purely Earth-based explanation for it be inadequate, it 

wouldn’t even make sense. If (32) is true, it has nothing to do with the contingencies of 

evolution on Earth. So even if we grant that all and only organisms on Earth have (31) 

and (32), (31) has a more limited scope than (32). 

                                                

2 What makes scientists believe that life needs a liquid medium deals mainly with the frequency of 
interactions possible in liquids as opposed to gasses or solids. This justification actually eliminates 
some liquids (like pitch) from consideration, while accepting some particularly dense gasses. As such, 
the solidity of the boundary is determined by functional considerations at the level of the biological 
molecules active. Thank you to Tyler Curtain for this clarification. 

 
3 If formed as a universal conditional, (1) and (2) apply to the same number of entities. In formal logic, 

both would be represented as (x)(Ox à Bx). What I mean is that the antecedent is a broader 
category; it has a greater number of possible instantiations (see Mariscal & Powell In Manuscript). 
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The focus of this chapter is to offer a novel way to draw a sharp distinction 

between generalizations like (31) from ones like (32). My proposal is an account of 

how to discover, understand, and justify generalizations in biology. It is not a defense 

of the generalizations themselves, although I do provide examples for contemplation. 

In the next section, I will present my own view. In section 3.3, I will give two case 

studies in the hopes of clarifying some issues about the view. In section 3.4, I show the 

payoff of my view and how it enables biology to meet certain desiderata of a universal 

science. In sections 3.5 - 3.8, I consider objections and give some concluding thoughts. 

 

3.2 Ð A NEW ACCOUNT OF UNIVERSAL BIOLOGY  

I propose defining universal biology as the study of evolutionary generalizations whose 

justification does not assume contingent facts about EarthÕs history (and so are expected to apply 

elsewhere in the universe). This section will explain, clarify, justify, and expand that 

definition. 

Consider the claims about lipid bilayer (31) and physical boundaries (32) from the 

previous section. What justifies these claims? What kinds of justifications can these or 

similar claims have? I propose six major divisions based on the kind of necessity and 

counterfactual support each is taken to provide: 

a. Claims that are applications of a priori concepts such as logic, geometry, or 
probability theory 

e. Claims based on or derivable from natural necessity, such as laws of physics or 
chemistry 
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i. Claims based on or derivable from principles of evolution, such as evolution by natural 
selection, drift, or heredity  

o. Claims that follow from the initial state of the universe or planet as a whole 

u. Historically contingent claims following from more recent events in the system 

y. State-dependent claims brought about from current states elsewhere in the system 
(whether external or internal) 

 

I choose these particular divisions to distinguish the kind of necessity and 

counterfactual support each is taken to provide.  Perhaps some of these are nested 

within others. For instance, (a) is required of more claims than (e). And (o) occurs 

earlier than (u). This is not the first time a hierarchy of this sort has been 

acknowledged. In the topic of constraints in evolution, for instance, the difference 

between a physical constraint and a historical constraint is well established (see 

Amundson 1994). It works similarly here– derived conclusions are nested within the 

constraints established by layers of contingency established by more basic conclusions. 

The nesting may not turn out to be so neat. It is possible none of the justifications (a-y) 

are proper subsets of each other. This is a very interesting metaphysical issue, to be 

discussed in chapter 5. 

Ronald Munson defines a universal science as one which is not restricted in scope 

or range of application to a certain region of space or time, does not contain individual 

names or constants, and is supported by evidence of the quantity and diversity to make 

it reliable in novel scenarios (Munson 1975, p. 429). He argues biology meets these 

criteria. I maintain my account also fits his criteria, while further specifying a domain 
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of applicability left unspecified in his discussion. The domain of applicability derives 

from the proposed justifications for biological claims I have just given. Claims 

appealing to natural necessity (e) are at least partially justified by this necessity, which 

is weaker in kind than logical necessity (a), and so on. A claim can only be as general 

as its least general, least mandatory criterion. My definition can now be restated in 

these terms: universal biology is the study of generalization that are (i) evolutionary and whose 

justification does not make reference to (u) contingent facts about EarthÕs history. A 

generalizations must reference (i) to count as ‘biological’ in this view. The claim “all 

protons have two up quarks and a down quark” might be universal, but it is not based 

on evolutionary principles. The forced reference to principles and effects of evolution 

(i) avoids counting straightforward tautologies mentioning biological objects, as with 

(6) ‘an organism is an organism’ from section 2.2. Since generalizations like (6) depend 

solely on their logical form, they can be restated using only logic (a). This is ruled out 

in my account because their justification fails to reference principles of evolution (i). It 

is still possible that a trivial truth can enter the system, as with claims with false 

antecedents. Consider the proposition:  

(33) If evolution is impossible, then all organisms are named ‘Jerry.’  
 

Proposition (33) could arguably be said to require evolutionary principles (i), the 

truth of the proposition is not based on facts about Earth (u), and is both universal in 

scope and has (minimal) biological content, it just happens to not be a very interesting 

proposition. There are infinitely many propositions of the kind that fits the (i & ~u) 
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requirements, not merely claims of this sort. Some could be spandrels: not capturing 

the basic causal or constitutive elements and only superficially interesting.4 Extremely 

narrow or uninteresting claims might also fit my conditions, only some of which are 

expected to be of interest to practicing biologists. But that is perfectly acceptable. All 

fields of study tend to focus on a subset of their domain, as there are too few 

researchers to explore every possible issue. 

One will note my definition focuses on evolution rather than life. We do not have 

a good definition for life and there is good reason to suppose that a consensus on a 

definition for life will prove impossible (Cleland 2011, Machery 2011, Tsokolov 2009). 

On the other hand, we have a decent grasp of how evolution works and we think it 

will apply to all naturally arising living systems. In the next chapter, I argue the 

concept of ‘life’ adds nothing to the issue that cannot be better accomplished by a 

concept of adaptive complexity. For natural systems, adaptedness can be best explored 

in terms of (i) the principles of evolution. If we can find generalizations about the 

kinds of adaptive complexity produced by evolutionary systems in this universe then 

we can make justified generalizations about living systems without having to provide a 

definition of life in the process. 

Additionally, if an explanation in biology makes reference to a historical 

                                                

4 Thank you to Jack Zhou for this suggestion. 



 

 81 

explanation (u),5 it will be eliminated in the process of doing universal biology under 

my account. This exclusion aims to minimize unsupported conjectures. The restriction 

can be overcome, but only with good reason. Recall the scenario posed in section 2.5 

with respect to Daniel Dennett’s overly permissive account of universal biology. In 

that scenario, future science had discovered an Earth-like planet with oxygen and 

methane in its atmosphere. In this situation, it would be entirely reasonable to take into 

consideration some local conditions (u) given what we know about that planet. That 

process will be good science and it will be interesting. But at present it is too easy to be 

led astray exploring possibilities. Possibilities are infinite. Universal biology must 

resolve to proceed in a cautious manner, rather than being overwhelmed by 

contemplating possibilities without specific reasons. 

 

3.3 Ð METHODOLOGY FOR RESEARCH IN UNIVERSAL BIOLOGY  

The methodology for my account of universal biology begins when a scientist 

discovers a candidate biological generalization (CBG)6 in biology. She proceeds to 

                                                

5 I will only consider claims that make reference to all and only their justifications. In other words, only 
essential justifications will count. I could reference the price of tea in China (u) when I explain why I 
wasn’t able to subdivide a prime number of fruits equally, but that detail is inessential in the 
explanation. My inability only requires math, (a), to be explained (see Lange 2013). 

 
6 In this thesis, I introduce the unfortunate term CBG for Candidate Biological Generalization. 

Philosophical precision makes claims in universal biology difficult to express clearly without 
introducing a new term. Outside of philosophy, some might be tempted to call these ‘biological 
universals,’ but ‘universals’ is a technical term in philosophy and so is inappropriate (see section 2.2). I 
take CBGs to be a highly heterogeneous set that also includes abstract concepts such as major trends, 
multiply realizable descriptions, or population interactions (predator-prey models, for instance, are 
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take stock of what is known about the phenomenon in terms of its frequency and 

cause(s). After a thorough analysis, when the product or process is well understood, 

the scientist investigates if any historical conditions unique to life on Earth are needed 

to explain the phenomenon. If not, she is justified in including the phenomenon as a 

feature of universal biology. See figure 3.2: 

 

Figure 3.2 Ð This flowchart provides a first pass approximation of how to proceed in 
universal biology. Candidate Biological Generalizations (CBGs) are discovered or 
inferred from data and theory. The first few steps aim to ensure the claim is a legitimate 
phenomenon, which cannot be explained away by the particular context. The next few 
steps aim at assuring the CBG obtains everywhere it should, is understood, is not purely a 
phenomenon local to Earth, and the conditions are expected to occur elsewhere. There are, 
of course, serious procedural concerns at each step. These are addressed in section 3.5.  
 

                                                

 

intended to be universal in scope, see section 5.5). Some have become comfortable calling these ‘laws,’ 
but this is unnecessarily controversial for my usage (see section 1.2). 
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It’s important to reemphasize the point made in section 1.2: universal biology is 

separate and distinct from the question of laws in biology. Many of those that have 

proposed redefining laws based on a sort of robustness, stability, or even a priori 

causal models might consider this a semantic point (Mitchell 1997, Lange 2005, Sober 

2011, Raerinne 2013). While I am sympathetic to their aims, I wish to resist this move. 

First, the positivist understanding of laws still permeates these discussions. If laws in 

the positivist sense exist in biology— and perhaps the principle of natural selection is 

such a law (Brandon & Rosenberg 2003) — then biology is certainly a universal 

science of some sort. But the conditional does not go the other way. Well-grounded 

universal generalizations in biology do not depend on uniquely biological laws. It is 

perfectly acceptable in my account if each generalization in biology is understood in 

terms of the underlying physical or chemical mechanisms at work (but see the next 

section). That these universal mechanisms have predictable biological consequences is 

enough for my conception of universal biology. 

With my view now presented, we can proceed to an example of it at work. 

 

3.4 Ð RETHINKING UNIVERSAL BIOLOGY : AN ECOLOGICAL CASE STUDY  

An example might help. Consider the following, adapted from Van Valen 1973: 

(34) “To a good approximation, each species is part of a zero-sum game against other 
species. Which adversary is most important for a species may vary from time to time, 
and for some or even most species no one adversary may ever be paramount. 
Furthermore, no species can ever win, and new adversaries grinningly replace the 
losers” (Van Valen 1973, p. 21). 
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Van Valen calls (34) the Red Queen’s Hypothesis and introduces it to explain his 

“Law of Constant Extinction,” which is the paleontological observation of extinction 

rates in evolutionary time neither increasing nor decreasing with respect to taxon age. 

In short, the probability of extinction is constant with respect to lineage duration; long-

lived lineages do not have a greater advantage than do short-lived lineages within an 

adaptive zone. The Red Queen’s Hypothesis is thus the explanation for this law. 

Under the Red Queen’s Hypothesis, the explanation for constant extinction is 

predominantly biotic: lineages not only adapt to the environment, they adapt to each 

other, and each adaptation in one lineage is viewed as a deteriorating environment by 

another. Because there are so many competitors around, and new ones constantly 

evolve, it is only a matter of time before a new lineage will exploit some factor missed 

by its competitors, who will either adapt quickly or ‘lose’ the evolutionary arms race. 

Let’s see how Van Valen’s hypothesis does in my methodology. The first step in 

the process is observer bias. Much of Van Valen’s evidence came from paleontological 

analyses of lineage duration for various taxa. Benton (1985) showed empirical results 

most closely fit the Red Queen’s Hypothesis, but he later argued (2009) it might be 

scale dependent, but abiotic factors might be more relevant at longer timespans, in 

which a Red Queen effect would erroneously be inferred; Raup (1991) found 

extinction was actually less constant among Phanerozoic marine species than was 

found in Van Valen’s data; and Raup & Boyajian (1988) also found the best 
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explanation for the increases and decreases in extinction through the Phanerozoic was 

physical rather than biological. As with many things in science, this is actually a 

relative significance debate (sensu Beatty 1997), and Van Valen never intended to 

exclude physical factors, though he felt most environmental pressure was biotic (Van 

Valen 1985, Liow et. al. 2011). 

Context sensitivity is the next step. It might be possible Van Valen saw 

competition where none existed. Perhaps the environment is constantly selecting 

species stochastically, so the biotic interpretation is false. This was addressed by some 

computational modeling done by Tom Ray, who will be further discussed in chapter 5. 

Ray considers a system composed solely of autotrophs and finds they would compete 

for space and resources. But interspecies dynamics become significantly more complex 

in systems with heterotrophs. It becomes a selective advantage for organisms to adapt 

to more established entities. He describes his observations from artificial systems as 

consistent with the Red Queen’s Hypothesis: 

“If organisms only had to adapt to the nonliving environment, the race would not be so 
urgent. Species would only need to evolve as fast as the relatively gradual changes in 
the geology and climate. However, given that the species that comprise the 
environment are themselves evolving, the race becomes rather hectic. The pace is set 
by the maximal rate that species may change through evolution, and it becomes very 
difficult to actually get ahead. A maximal rate of evolution is required just to keep from 
falling behind” (Ray 1995, p. 195).  
 

Against Ray’s computational verification, we have Maynard Smith (1976), who 

argues the Red Queen critically depended on the zero-sum set up along with a very 

precise cost/benefit ratio of gains in one species relative to losses in another; Stenseth 
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& Maynard Smith (1984) proposed an alternative ‘stationary’ model, which they 

argued would result from some plausible evolutionary scenarios, leaving the end result 

open to empirical verification. We’ve already seen Benton (1985, 2009) challenging 

these empirical results. Each of these authors attempt at assessing the real-world 

distribution of systems subject to the Red Queen’s Hypothesis and the results are 

mixed. Again, this turns out to be a relative significance debate. In the end, the Red 

Queen’s challengers have convincingly knocked down the claim that it is the whole 

story with regard to evolutionary change – a claim Van Valen never made. But as an 

explanation for a huge process and resultant pattern in evolutionary history, it is hard 

to rule out.  

Next, we try to understand why the Red Queen’s Hypothesis would be the case. 

Specific criteria, especially causal mechanisms, are the Holy Grail for universal 

biology. As such, I view a major contribution of my account to be its focus on 

justification. For the Red Queen’s Hypothesis, the set-up of the system depends on 

interactions with other organisms in the system (y), but no specific organisms are 

required for the effect (~u). The history of life could have unfolded in an entirely 

different way without implying the falsity of the Red Queen’s Hypothesis (~o). 

Furthermore, since this is an ecological exchange with predictable evolutionary 

consequences, it requires a system set up such that it can respond to selection (i). 

Interestingly, it’s possible to imagine evolutionary systems in which lineages originate 

and change so slowly the Red Queen’s Hypothesis cannot take hold (a ‘convergent’ 
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system in the language of Maynard Smith 1976). Or in which the environment is so 

hazardous to new organisms that no additional biotic competition could ever arise. To 

use Darwin’s example, if all life were isolated plants at the edges of deserts, the Red 

Queen effect would not obtain. We will return to this issue in chapter 6. So there is an 

element of empirical applicability relevant to the Red Queen. This is an issue that has 

been a major concern for detractors of universal biology. Let’s move on to (e) and (a). 

Given that Tom Ray specifically abstracts away from possible underlying 

biochemistry, it doesn’t seem as if any particular laws of physics or chemistry are 

invoked (~e), more on this in chapter 5. Finally, there is an interesting sense in which 

logic (a) is required for the effect– namely with respect to the outcome of zero-sum 

game theory it explicitly invokes (1973 p. 1). According to Van Valen, new ‘players’ 

with a variety of strategies continually enter the zero-sum game, which means no 

lineage will (probabilistically) be able to continue playing forever, and all lineages will 

stochastically tend toward extinction.  

Given these considerations, we accept the Red Queen effect is found everywhere 

it is expected to obtain on Earth, we understand its underlying mechanisms, it makes 

no reference to facts contingent to Earth, and we would expect it to obtain– to some 

extent– elsewhere in the universe. So we can consider the Red Queen’s Hypothesis a 

provisional part of universal biology. 

My account could also apply equally well to development. Let’s consider 
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Wimsatt’s notion of generative entrenchment:7 

(26) “evolution should be increasingly conservative at earlier stages of development 
because features which are expressed earlier in development (D1) have a higher 
probability of being required for features which will appear later, and (D2) will on the 
average have a larger number of ‘downstream’ features dependent upon them” 
(Wimsatt 1985, p. 14).  
 

The justification for this claim follows from the stipulations that development later 

in life is causally dependent on earlier development, thus an early change in an 

organism will probably have more consequences than a similar change later on. Let us 

briefly see how (26) fits into my account. The phenomenon seems real and based on 

uncontroversial understanding of development and evolution. It is not merely based on 

the way we describe the system, but appears to actually be true of developmental 

systems. There are cases on Earth in which wild changes early in development occur, 

but these are far fewer than the changes expected later in life. If we replace the term 

‘should be’ in (26) with ‘will probably be,’ these cases can be easily understood and 

even expected. Wimsatt expects generative entrenchment to be essential to the 

evolution of any significant degree of adaptive complexity. If it is conceivable for 

evolution (i) to hold without interdependent developmental stages, perhaps (26) will 

not apply, but that would not show the falsity of (26). There are very few ways to 

imagine (26) not holding in an evolutionary system, but they are conceivable. Suppose 

                                                

7 In chapter 1, I noted that Gould’s assertion about (3) the history of life being fundamentally 
constrained by early evolution would be discussed later. Note the incredible parallel between Gould & 
Wimsatt’s reasoning. Both say a lineage/organism is more highly influenced by early stages in 
evolution/ontogeny than by other selective/environmental factors. According to a pragmatic view of 
evolution, (3) is equivalent to (26) (see Goodnight 2013 for a description of such a view). 
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it were possible for life to exhibit a ‘reverse’ development, if selection worked in such a 

way as to heavily prefer wild changes early on in an organism while somehow being 

conservative later in the lifetime of the organism, or if there were no selection of any 

sort throughout the development of an organism. The ways of rendering (26) false 

would require the world working fundamentally different ways (~e or possibly ~o). 

Development doesn’t proceed backward by the nature of life and time, so reverse 

development and huge early variations are difficult to justify. It might be possible for a 

population to never undergo any sort of selection for some length of time, in which 

case (26) might not hold during that time. Louise Roth has pointed out to me that we 

need not assume uniform fate to all early developmental cells. In amniote development, 

a big portion of the embryo itself is used to produce elaborate fetal membranes (these 

are known as trophoblasts in mammals). This distinction would do some damage to 

Wimsatt’s notion of generative entrenchment, but as it is stated in probabilistic terms, I 

still think (26) survives. So we would expect life in this universe, which relies on 

sequential stages of development, to follow (26).8 Thus, the mechanism behind 

Wimsatt’s claim is well understood, it doesn’t require facts unique to Earth, and it 

would be expected to hold true in all evolutionary systems in this universe (though we 

should use caution when generalizing his claim to evolutionary systems in A-life). It 

                                                

8 It might be relevant when considering whether the scope of (26) is wide enough to apply to artificial 
systems (more on this in chapter 5). The universal biology proposed in this thesis is explicitly not 
limited to the biology in this universe. I will remain silent as to further applications to other 
evolutionary systems until chapters 5 & 6. 
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seems plausible, then, that (26)– or some alternative formulation of it– will hold 

everywhere in the universe. 

 

3.5 Ð L IMITATIONS , VIRTUES , AND PAYOFF OF ACCOUNT  

A virtue of my understanding of universal biology is that it offers a way to address 

the N!=!1 problem, discussed in section 1.6. The N!=!1 problem is the epistemological 

issue derived from the observation that all of our examples of biology are ultimately 

related. If all of life descends from a last universal common ancestor, there are likely 

certain ‘frozen accidents’ amid our various generalizations about life on Earth. Such 

frozen accidents, like the lipid bilayer (31) could be indistinguishable from cases of 

actual universal mechanisms in biology, like (32). For any CBG generalized from life 

on Earth, it is always possible it could be due to common ancestry. We assume 

universal scope from a universal appearance on Earth (termed ‘spread’ in Mariscal & 

Powell In Manuscript). If such inferences are unwarranted, how can we ever be sure 

any of the truths about biology hold universally?  

Skepticism about any particular claim or about the utility of the project is fair. But 

the implication of those who appeal to N!=!1 is that all CBGs would fail the check for a 

context-sensitive explanation. This implication, which I call “biological provincialism,” 

is without warrant. The N!=!1 problem is a problem, but it is not insurmountable. 

Intuitively, it could be solved by finding life elsewhere (Des Marais 2003, 2008), 

finding life from a second genesis here on Earth (c.f. Davies & Lineweaver 2005), 
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creating life in a lab (Gibson et. al. 2010), or even possibly on a computer (Langton 

1989). Some have even argued the incredible prevalence of convergence of traits here 

on Earth would suffice to evidence the universal scope of those traits (see Ward 2005, 

McGhee 2013, but see Mariscal & Powell In Manuscript for a partial rebuttal). The 

N!=!1 problem should be viewed as merely an explanation of why we should be 

cautious about confounding evidence, not the stronger claim that any CBGs are at 

base unjustifiable. By stating the justification of each claim and being conservative in 

accepting new claims, my approach provides that caution. 

By specifying the justifications for each CBG (as seen in sections 3.2 - 3.4), 

universal biology can be counterfactual supporting. Because the kinds of claims made 

in biology are so heterogeneous, each CBG will vary with respect to the robustness 

with which it might support counterfactuals. It is key to seek a precise statement of a 

CBG and its assumptions before we can test it and, hopefully, eventually accept it. It is 

only with a precise statement of the predictions and assumptions that we can assess the 

nature of a CBG’s scope and counterfactual support. Independent of whether we ever 

create new life or discover life elsewhere, there is a benefit in knowing whether a 

biological feature is expected without exception or only given certain preconditions. 

The approach outlined in this chapter has the added benefit of explaining the extent 

and limits of certain claims in biology. I view this approach as having seven key 

virtues. 

3.5.1 Ð Original account with a well-defined subject 
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In this chapter, I have not provided a definition of life and have 

expressed doubts that such a definition is even possible. However, as my 

account focuses on evolution, I am not committed to providing a 

definition of life. In fact, I do not believe this question is as interesting or 

relevant as it seems. Instead, I argue evolutionary systems will produce 

what we actually do care about in the universe: adaptive complexity. 

The concept of ‘life’ only complicates the matter. If we can find 

generalizations about the kinds of adaptive complexity produced by all 

evolutionary systems, then we can make justified generalizations about 

living systems without having to provide a definition of life in the 

process. This is discussed more in the next chapter. 

3.5.2 Ð We can extend to Ôgeneralized Darwinism.Õ 

Relatedly, the question of extending evolution to other contexts is 

relevant here. If culture evolves in the same sense that biology evolves, 

then some aspects of universal biology will also apply to culture. It is as 

yet an open question whether culture evolves in the same way (if i 

holds) and whether it is more fruitful to think of it in terms of 

disembodied information than its physical realization (whether e 

applies). This issue will be discussed in the next section and the next 

three chapters. It is good to avoid having to provide a definition, as the 

past failure of biology to find necessary and sufficient conditions for life 
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makes it plausible the quest for such a definition would be fruitless. This 

discussion continues in chapter 4. 

3.5.3 Ð Avoids vague, arbitrary, or trivial claims 

The methodology described in my account is meant to avoid vague and 

arbitrary claims. Arbitrary claims will be largely avoided in the first two 

steps, while vague claims will not make it past the ‘known mechanism’ 

step. The focus on a-y is meant to avoid trivially true claims. Scientific 

interest will determine which are the claims worthy of further analysis, 

but the methodology is built so as to eliminate the most obviously flawed 

claims. 

3.5.4 Ð Empirical contributions are permitted and used 

My account allows for a mutual interplay between a priori models and 

empirical discoveries. Empirical, computational, and theoretical 

research can all contribute to this version of universal biology. As we 

saw in chapter 2, this posed a problem for other views of universal 

biology. 

3.5.5 Ð Methodology aims to explicitly justify claims 

A key contribution of my account is the focus on breaking down claims 

into the assumptions and focusing on the grounding of these 

assumptions (a through y of section 3.2). The intended effect is that if 
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we are explicit in our justifications and biological generalizations can be 

fit into the universal categories I outlined, then we will be warranted in 

our universal biology. A quick note: there is a deeper issue of why we 

accept logic or physics as universal. This issue is directly related to my 

project in that if physics were not universal, then neither would many 

aspects of biology (all those that rely on e). For the sake of this chapter, 

I accept that logic, physics, and chemistry are all universal (but see 

Simon 1971, p. 13-16 & Smolin 2013).9 

3.5.6 Ð Evolutionary laws are no longer relevant 

Some might argue that the only way to make sense of universal biology 

is with reference to exceptionless biological laws. Perhaps these same 

people would argue that I have smuggled in a biological law (i) into my 

definition. Or they might assert that my account of universal biology is 

merely an account of biological laws, interpreting laws in a looser sense 

(e.g. Mitchell 1997). For the present, I should reiterate the point from 

section 1.2: the two issues are related, but distinct. If biology has laws, 

then these laws are part of universal biology. But the universal biology 

does not imply or require the existence of any distinctively biological 

                                                

9 ‘Universal’ in this context merely means not limited in scope to a time and place in this universe. Since 
we take impossible things to be ruled out in all possible worlds, it is still thought logic or math are 
broader in scope than the physical laws of this universe (see chapter 5). In chapter 5, I begin 
extending the scope of universality to include consistent systems that are imaginable, but not actual. 
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laws. A CBG explained entirely by non-biological laws (e) and 

evolutionary principles (i), it would still count as universal biology in 

my view. It is crucial to point out this distinction, as some might assume 

the only way a science could be universal is with proprietary laws. The 

absence of laws in biology might render biology a non-autonomous 

(instrumental) science, but its subject matter could still be universal in 

scope, even if it were merely in virtue of its physical underpinnings. 

3.5.7 Ð Secures a universality independent of physics 

It is not a falsification of my view if physics turns out to be spatiotemporally 

limited. CBGs in universal biology that reference physics are merely indexed to 

the laws of physics. So if physics is provincial, then the claims in universal 

biology that rely on (e) will be equally provincial, while those which do not rely 

on those factors might not be. 

 

3.6 Ð A UNIVERSAL BIOLOGY  ÔON THE CHEAP Õ 

Recall in section 2.1 when I addressed the generality of various claims about 

biology. It might be thought the universal nature of the generalizations for which I 

argue is achieved on the ‘cheap,’ so to speak. Suppose (i) the principles of evolution 

follow from logic, as suggested in this chapter and defended in chapter 5. If so, then 

any conclusions from these principles will be trivially true in virtue of their underlying 
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logic. That is, any CBGs following from (i) will still count as universal even if life on 

Earth is the only example of life anywhere. This will be an uninteresting, nonempirical 

universality, as it will be based on (a) logic rather than (e) laws of nature or (o) 

contingent facts about the universe. Surely, if my view is truly going to be empirically 

useful and relevant to science, I need a universality that makes contact with what we 

expect to see of life in this universe.10  

One resolution might be to suppose life is an expected outcome from (e) the 

laws of nature (see Rosenberg 2014). In this way, it would be completely expected for 

life to arise using (i) Darwinian principles. The claim of life being an expected 

outcome in the universe has a rich intellectual history going back thousands of years 

and is a plausible view to hold, though we have little evidence for that view. A second 

answer could be to assert universal biology is interesting independent of whether we 

expect life to exist elsewhere in the universe. It is extremely relevant to practicing 

biologists, for example, if the Red Queen effect is of universal scope, because it means 

a violation of it requires a special explanation in a way a corroboration doesn’t. Given 

any number of other CBGs, it becomes interesting to see when the phenomena do not 

obtain, because it suggests there is a condition missing or a variable acting not being 

considered. Indeed, I believe both of these answers are partly true. 

                                                

10 Many thanks to Rich Campbell for raising this issue and for a very detailed and productive exchange 
to help me address it. Thank you as well to Ford Doolittle for very helpful comments and thoughts on 
this issue. 
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But this discussion leads us to a worse worry: even if we assumed there are 

conditions instantiated elsewhere such that biology is likely to arise throughout the 

universe, we might not get evolution the way it is here on Earth. As I will discuss in 

section 6.2, the conditions for evolution are not merely qualitative states: they can all 

vary. It is not enough to say variation + heredity + differential reproduction = 

evolution, because each can come in degrees. Many scientists believe the RNA world 

hypothesis is true (O. Joyce 1994, Fisher 2010), which means that in the transition 

between RNA and DNA, the strength of heredity increased. We have positive 

evidence evolution has been substantially different in the past (and even varies in the 

present). So even if we are justified in assuming life originated everywhere, evolution 

is general, and biology is universal, there remains the worry that life in other systems 

might experience a quantitatively different evolution. In other worlds, evolution could 

be wildly chaotic, extremely convergent, extremely slow going, or vary in any number 

of different ways (see chapter 6). If this is so, how can any regularity in biology be 

justified? 

There are two immediate solutions to this second problem. The first is to only 

accept generalizations that would hold true for all evolutionary systems. But this is less 

useful for exploring life in this universe. The second solution requires me to make the 

positive claim that evolution on Earth is how evolution in the Universe must play out. 

As we saw in section 2.3, astrobiologists hold molecular biology provides a significant 

constraint to the range of possible evolutionary systems in the universe. Since this is an 
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operational subset of the possible evolutionary systems, it is plausible to suggest 

universal biology – as we expect to see it in the universe – is not universal on the cheap. 

Even though a reasonable case could be made for this second option, it appears to me 

to be intellectually dishonest to accept it. Scientists don’t even know how evolution 

started on Earth, let alone how it must proceed elsewhere. Luckily, there is a third 

option: specify the kind of evolutionary context invoked in each biological 

generalization. In chapter 6, we explore just how widely evolution can vary and come 

to the conclusion that many generalizations about evolution are inapplicable when we 

get to certain extremes of evolutionary systems. Using that approach, we can formulate 

universal claims, which still have a targeted scope of applicability. These claims can be 

of use not only to practicing scientists, but theorists, A-Life modelers, and a range of 

experimentalists. They would all need to clearly specify the range of evolutionary 

systems (i) they accept under consideration, but at least cross talk would be avoided. 

Far from being universal on the cheap, universal biology is a multi-faceted, unique 

discipline worth exploring. 

 

3.7 Ð SOLUTIONS T O POTENTIAL  CONCERNS AND OBJECTIONS  

Consider the novel “The Black Cloud” by esteemed astronomer Fred Hoyle 

(1957/2010). In the novel, a huge black cloud arrives in the solar system and comes to 

a rest around the sun. It turns out that the cloud is actually an intelligent creature, 

capable of communicating with humans. The philosophical import of this is 
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straightforward. We can always imagine a biological system that does not violate the 

laws of physics and yet violates generalizations we would have thought held true for all 

of biology, most especially the ones based on biochemistry. If we can imagine it and 

evolution is cleverer than we are, then biology in the universe will surely be far 

stranger than we currently imagine. I take this concern to be the kind that makes so 

many people wary of universal biology. If a huge, sentient cloud could exist– and most 

people would argue it is at least possible– then how can we make any progress in 

universal biology? 

Such skepticism is unwarranted. It seems that the cloud could either be the result 

of evolution or an intelligent design process. If the cloud was designed, then it is 

outside the area of concern for universal biology. Universal biology should only 

concern itself with naturally evolved entities, properly understood (see chapter 4). 

Suppose, instead, that the cloud is actually the result of an evolutionary process. At the 

very least, it seems as if the existence of a sentient, isolated, huge cloud goes against 

what scientists have supposed about the origins of life in the universe. Astrobiologists 

assume life originates on a liquid substrate (possibly interacting with solid materials), 

many of them hold the possibility of gas-based life extremely implausible (c.f. Plaxco & 

Gross 2006, Evans 2013, Des Marais et. al. 2003, 2008). If we accept their arguments, 

we’re forced to conclude the universe in which large, intelligent, incorporeal, single 

entities to evolve would have to have different laws, matter, or evolution would have to 

apply differently than it does here (either ~e or ~i). So discovering an evolved cloud 
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would challenge many aspects of universal biology, but the mere possibility of it is not a 

problem. A naturally arising sentient cloud is impossible in this universe, because (e) 

the laws of nature implementing (i) evolutionary principles prohibit it. Nevertheless, it 

is entirely possible under my account for a huge, sentient cloud to arise in computer 

simulations, in synthetic biology, or even in a universe with different laws. This 

distinction is interesting because it illuminates the scope of various generalizations 

about evolved entities. 

There is another possible way life could vary. As we saw in section 2.3, 

astrobiologists have explored a variety of ways our Earth-centric intuitions could fail.11 

Suppose we are curious about possible life in the ice-covered oceans of Europa. 

Astrobiologists should continue to experimentally and theoretically assess what life 

might be possible in such extreme circumstances. This research will be focused on 

assessing the limitations the laws of physics (e) and the local conditions (u) have on 

possible evolutionary systems (i) in the Europan environment. Considering local 

conditions in Europa make this an exploration of possible biology, not universal 

biology. Universal biology is intended to be more conservative than possible biology. 

The view of universal biology presented here allows for empirical work to apply to as 

broad of a scope as it is justified. 

The examples of Hoyle’s cloud and Europan life suggest a broader concern. What 

bothered us about her thought experiment was that it seemed to suggest our inferences 
                                                

11 Thank you to an anonymous commenter for this question. 
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might be unjustified, no matter how thorough our methodology. But it is a fallacy to suggest 

universal biology should stop simply because it is defeasible. I have labeled this view 

“biological provincialism” and argued against it in sections 1.7 and 3.5. Certainly we 

are going to be wrong about some claims of universal biology, but the same holds true 

for any other branch of inquiry. Universal biology might be in a more difficult 

epistemic situation than many sciences, but it is a difference of degree, not a difference 

in kind. 

Some might argue my view is actually an account of universal adaptive complexity 

or universal evolution rather than universal biology. Have I not privileged the 

evolutionary half of biology at the expense of the rest? My focus on evolution by 

requiring CBGs reference (i) is not only meant to pick out the process of evolution, but 

the products as well. I expect my account will capture all areas of interest to biologists 

that could be thought to be universal, including ecological and developmental cases. 

Even though (34) and (26) were proposed to explain an evolutionary phenomenon, at 

its heart, the Red Queen’s Hypothesis is a principle of ecology and generative 

entrenchment is nominally a principle of development. With respect to molecular 

biology and biochemistry, my account can accept those principles as long as they 

allowed for the entities to evolve over time (i). 

The worst-case scenario for my account would be a phenomenon that occurred 

spontaneously for each biological organism for all of time, but was not itself subject to 

evolution (~i). I have in mind such concepts as honeycomb shapes that arise as ‘order 
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for free’ (Kauffman 1993) or the metabolic theory of ecology.12 I call this objection the 

‘magnet school objection,’ because magnet schools were the only phenomenon I could 

imagine sharing such properties. I have three possible responses. First, I could say that 

the phenomenon does invoke (i) evolution because it requires an adaptively complex 

entity. Without bees, the honeycomb shape wouldn't be thought to be biology, even if 

it did appear in the right circumstances. The worry with this response is that it would 

have to count any phenomenon that interacted with adaptively complex entities. A 

universal biology that included neutrino wouldn’t be very interesting. Secondly, I 

could dodge and say these phenomena, although they apply to living systems, are not 

in the realm of study for universal biology because we cannot get a handle of them. It 

would be unfortunate to take that tactic. Lastly, I could separate the phenomenon into 

two questions. Perhaps how the phenomenon arises is not universal biology, but the     

fact that it is maintained over time would count as universal biology. This final answer 

is the least unappealing at the moment and will have to do. 

Some might view my account as too narrow. But it is only narrow in that it 

requires knowing far more about biological phenomena than is typically known. So the 

conclusions are limited by what we can justifiably project. It is important to note that 

in my account the whole process of discovering universal generalizations is the 

research program of universal biology. In that sense, my account is not narrow at all: 

                                                

12 The first question on my job talk at Dalhousie University was this question along with the example of 
the metabolic theory of ecology, I’m sorry I did not get the question asker’s name. Dan McShea raised 
a version of this question in my defense. I would like to thank both. 
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universal biology is the whole process of deciding whether a particular biological claim is 

justifiably universal, even if that claim is eventually discarded. My account is merely 

conservative in the conclusions accepted in universal biology. Recall the following claim: 

 (24) Organisms tend to die after the age of reproduction.  
 

 In my account, (24) should be studied as a potentially universal claim, but not yet 

be accepted. Although senescence is likely a robust phenomenon expected everywhere 

in the universe, I would point out that the differences between the proposed 

underlying mechanisms for senescence are important. Consider the various 

explanations given for senescence since it was first projected: antagonistic pleiotropy, 

disposable soma theory, mutation accumulation, reliability theory, extrinsic mortality 

theory, and chemical damage. Even if one grants the universality of senescence, 

without a correct account for why it is true, it is unclear when, where, or how to 

expect it to come about. Of the views presented, it is clear that extrinsic mortality 

theory requires other organisms in the ecosystem (y) while antagonistic pleiotropy 

theory requires selection for certain genes (i). Nor can it be enough to say that 

senescence is overdetermined by its various justifications unless we individually accept 

each justification. The constraints of my account are designed to make it clear in which 

biological systems our CBGs are expected to apply. A universal generalization that 

depends on other states in the system (y) might no longer apply if that system is 

disrupted, while one that depends solely on conditions a, e, and i will likely continue 

holding true until the living system goes extinct. 
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Some might wonder how extremely probable statements might fit into my 

framework. Biology as a discipline frequently deals with probabilistic statements. 

Consider Medawar’s original justification for (24): mutation accumulation. Medawar 

proposed that, over time, the evolutionary advantage of an organism surviving was 

negligible with respect to its lineage. Even if an organism did not age and its 

probability of dying was constant, it would still eventually die given enough time. In a 

sense, mutation accumulation is a statement of (a) probability. So instead of the 

controversial (24), which was problematic because it advocated a conclusion without 

proposing a justification, we can formulate a statement of senescence by mutation 

accumulation that avoids these problems: 

 (24*) Organisms will always be subject to a probability of death. Therefore, as time 
approaches infinity, the probability of death approaches 1.  
 

My account is more sympathetic to (24*) for its clear statement of its justifications 

than it was to (24). Unless Medawar is wrong somehow about the first part of the 

claim, it is hard to deny its truth. Organisms may further senesce for a different reason 

and (24*) might not be useful for practicing scientists, but (24*) is still worth 

exploring in the context of universal biology. 

 

3.8 Ð CONCLUSION  

The concept of ‘physics envy’ is often directed toward biology and biologists. The 

idea is typically that physics is in the business of discovering the deepest, broadest 
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truths in science. Biology, on the other hand, is complex, messy, and limited to 

organisms known on Earth. To many people, biology is not as mathematical, rigorous, 

accurate, or universal as other sciences. And yet, I have argued in this chapter that 

there are features of biology for which a purely local explanation is inadequate. A local 

explanation is one that does not appeal to universal principles in order to explain the 

phenomenon in question. For example, the explanation for why there are few large 

predators relative to the number of primary producers ((25) in section 2.6) is fully 

captured by the way energy is passed along the food chain and how it is instantiated by 

Earth’s ecology. If an opponent were to deny the universal scope of this phenomenon, 

she would have to show how local features of life on Earth– but not evolution or 

thermodynamics– explain each instance of it. Presumably, the reason there are 

regularly fewer lions than gazelles has nothing to do with the contingent history of lion 

and gazelle evolution. If such an alternative is unpalatable, then, to some extent, 

biology must be universal. 

My own account focuses on underlying assumptions in biological claims. In my 

view, universal biology is the study of evolutionary generalizations whose justification 

does not assume contingent facts about Earth’s history and so are expected to apply 

elsewhere in the universe. To wit, if the explanation of a certain biological 

phenomenon makes no reference to any contingent facts here on Earth, includes causal 

or constitutive factors, and its conditions are expected to hold in other places in which 

life might develop, then we are justified in accepting the biological phenomenon as 

universal in scope. In a sense, I move away from claims like ‘robin’s eggs must be blue’ 

and toward claims like ‘eggs must be spheroid.’ 
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Some of these claims will be sufficiently justified by the history of life on Earth 

(see Mariscal & Powell In Manuscript). For instance, Earth has suffered several mass 

extinctions. Shortly after each of these, diversity has increased (Erwin 2001, Krug & 

Jablonski 2012). With many independent natural experiments showing the same 

phenomena and a causal explanation (perhaps dealing with niche construction and 

energy available in the environment), a biological generalization of some sort might be 

justified, although the particular justification would matter to whether we would 

consider it a successful biological generalization. Other claims might be justified by 

new science. A biologist interested in universal biology would find no shortage of 

candidate biological generalizations to test in the deep ocean or in the microscopic 

world.13 Finally, a good number of these claims are not yet testable, allowing for future 

empirical discoveries and development of theories to render them good science. 

I have proposed a new account of universal biology that avoids the problems of 

earlier accounts and provides new ways for experimenters, modelers, and theorists to 

make positive contributions. By cataloging current practice, considering it in a 

universal context, and suggesting new projects, I hope to develop a universal biology 

as a worthwhile philosophical and biological project. This is not merely a speculative 

or hypothetical pursuit– it should have real consequences for practice and theory in 

the study of life. 

                                                

13 Postgate 1994, O’Malley & Dupré 2007, and Cleland 2012 all advocate focusing on the microscopic 
world, a sentiment we should pursue in future work on this matter. Prokaryotes are more numerous, 
ancient, diverse, and likely to exist in other worlds than eukaryotes. 
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CHAPTER  4 Ð  

Life eliminativism in a universal context 

 

4.1 Ð MATTERS OF L IFE AND D EATH  

Few things in biology have been more extensively discussed than the definition of 

life. It is frustrating so little progress has been made on the topic. When a question has 

remained as intractable in the face of so much research, theory, and debate, it suggests 

some aspect of the question itself is flawed. In this chapter, I argue we should not care 

about defining life, but instead focus on the existence of adaptive complexity produced 

through evolution by natural selection. Unlike life, adaptive complexity is conceptually 

clear and admits of degrees. With an account of adaptive complexity, we can 

understand living systems as merely special cases of adaptive complexity and thus 

dispense with the term ‘life’ altogether. The language of ‘adaptive complexity’ does not 

interfere with scientific research in the way the conceptually loaded concept of ‘life’ 

might (see Szostak 2012). 

Nearly everybody agrees there is a distinction between life and non-life (but see 

Tsokolov 2009, Jabr 2013). Nevertheless, I’ll argue in this chapter that this distinction 

is a human construct applied to a vague and continuous phenomenon. I am not the first 

to suggest definitions of life are fruitless (e.g. Szostak 2012), nor am I the first to 

suggest that the distinction between abiotic and biotic objects is vague (Turner 2004). 

In this chapter, I take a necessary tour through the history of attempts at defining 
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‘life’ and argue that the failure of each of these definitions is suggestive of a 

fundamentally flawed approach to the question. I propose the quest for drawing a 

sharp boundary between life and nonlife is mistaken. Like all vague concepts in 

science, they mostly pose a problem to people working on the boundaries of the 

concept. Practitioners whose day-to-day work does not depend on giving a conclusive 

answer to the question can use vague concepts with abandon. They accept the 

vagueness of the boundaries as a future problem or disregard it outright. If we are 

willing to accept some vagueness in the concept, as many have argued, then I maintain 

that such a view collapses into my proposal of focusing on naturally arising adaptive 

complexity. 

 

4.2 Ð ALL ABOUT  THE MEANING OF ÔLIFE Õ 

Let’s consider some major historical accounts of how to define life. This is more of 

a sampling than a literature review. Multiple books have been written cataloguing the 

history of thoughts about life. More complete histories can be found in Popa 2004, 

Bedau & Cleland 2010, and Pályi et al. 2002, among others.  

We begin, as can be expected, with Aristotle, if only because his views were 

standard for nearly two thousand years. Aristotle had a complex notion, in which 

living things had an appropriate form, material, and goal-directedness (Aristotle 2010, 

p. 9-13). It is important to note that Aristotle was the first– but not the last– to define 

life in functional terms. Some modern commentators believe Aristotle held life was just 
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self-motion, self-perpetuation, or self-organization (e.g. Matthews 1996), but what he 

meant was closer to a capacity for self-induced alteration, or qualitative motion (Byers 

2006). For Aristotle, the capacity to resist internal and external perturbations was the 

essential distinction between living beings and non-living objects. At the beginning of 

the Modern period, Descartes drew a sharper distinction between humans and all 

other organisms than he did between animals and immaterial objects. In his Treatise on 

Man, he went so far as to compare non-human animals to automata. Contra Aristotle, 

Descartes argued that an animal’s self-motion did not serve to distinguish them from 

non-living objects anymore than the movement of the hands of a clock does (Descartes 

2010/1664). Immanuel Kant (1978/1790) described organized beings in nature as those 

regarded as ends as well as means.1 In this, he can be seen as a sharp critic of 

Descartes’ materialistic approach and represents a throwback to Aristotle. His defense 

of the intrinsic purposiveness of life coheres well with the teleological notions explicit 

in Aristotle. 

The history from Descartes until the present can be viewed as a long discourse 

between those who felt that purely mechanistic and physical explanations could be 

given for life and those who denied it.2 This discussion continues in different guises 

                                                

1 There is ambiguity in Kant. He sometimes writes as if organisms are ends and sometimes as if they are 
simply to be regarded as ends. For more, see Bedau & Cleland 2010 and Allen et. al. 1997. 

 
2 This is, strictly speaking, false. Some authors, like Spencer, considered mind to be equivalent to life, 

regardless of how it is realized, and others, like Dewey, would hold life was more of a relational 
property of an organism to its environment (Godfrey-Smith 1996). Nevertheless, I maintain the 
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today. The physicalists tended follow Descartes in stressing physical explanations for 

life. The denial of physicalist explanations became most prominently associated with 

vitalism. Vitalism is a set of views attributed to predominantly French and German 

writers like Reinke, Blumenbach, Müller, Virchow, Bergson, and the latter work of 

Driesch (Driesch 1905/1914). The vitalists are a heterogenous group unified only by 

their doubt of a fully mechanistic picture of life, which had been advocated by 

Descartes and promoted by the Scientific Revolution. Vitalists stressed the importance 

of the as-yet unexplained nature of vital properties and the holistic and teleological 

nature of living creatures (Mayr 1997). Among vitalists, a diversity of views coexisted 

and evolved about what unified life, whether it is a separate substance, a particular 

arrangement of matter, a special life fluid, a particular end goal, or even mental forces. 

Modern readers might assume the vitalist program was flawed, but Mayr points out 

the mechanist (and later physicalist) alternative was often severely lacking as well. 

They replaced talk of vital forces with equally unanalyzed ‘energy’ and gave overly 

simplified accounts of development. Vitalism defended the utility of biology by 

stressing a distinction between life and non-life. Vitalism as a view lasted – in various 

guises – from the 1600s to as late as 1930 (Mayr 1997). It went out of popularity as 

better explanations for the conditions they sought to explain came from Darwinism 

                                                

 

physical/~physical dichotomy is a useful framework with which to rationally reconstruct the history of 
definitions of life. 
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and genetics. After a brief resurgence in physics and in the anti-reductionist organicist 

movement, vitalists disappeared. 

Philosophers and theoretical biologists not prone to denying physicalism, but 

unconvinced by vitalism had to develop a middle ground. More current views of life’s 

definition begin with authors like Müller (1930), Schrödinger (1944), Lederberg 

(1960), and Oparin (1964/2010), who each picked up on distinct aspects of living 

entities that have been accepted as important (or possibly even essential) ever since. 

It’s surprising how little the advances in molecular biology have affected the discussion 

in the past century. Now, when many authors attempt to define life, what emerges is 

closer to a laundry list of features than a unified account. You might remember these 

features from your high school biology class: a capacity for evolution, self-replication, 

growth, differentiation, metabolization of energy, homeostasis, response to the 

environment, thermodynamic disequilibrium, orderedness, information, boundaries, 

and mutations. These lists have been presented as necessary and sufficient conditions, 

accidental similarities between all living entities, and everything in between. Authors 

greatly differ about which properties to treat as essential and which to view as mere 

consequences. In every presentation of a list of this sort we see compromise, as most 

authors freely admit their definitions are exception-riddled or tentative. This 

proceeded to the extent that in 1970, Carl Sagan classified five distinct kinds of 

definitions of life: Thermodynamic, Genetic, Biochemical, Metabolic, and 

Physiological. We will consider his classification in the next section. 



 

 112 

 

4.3 Ð REACHING THE PRIME OF ITS L IFE  

The business of defining life is alive and well. If anything, it has picked up steam 

in the past few decades. Much of the interest is motivated by new science and new 

technologies– including artificial life, synthetic biology, origins of life, and 

astrobiology– which necessitates this discussion. There are numerous books, articles, 

and workshops on the matter (Pályi et. al. 2002, Popa 2004, Bedau & Cleland 2010). 

In this section, I will give a brief tabulation of some current views in the context of 

Carl Sagan’s five modern definitions of life: thermodynamic, genetic, biochemical, 

metabolic, and physiological. Many definitions fit into multiple categories, some don’t 

fit into any. As the details are inessential to the point of this chapter, I will not include 

the more complete definitions many of these authors offer. 

 

Table 4.1 Ð A tabulation of definitions of life from 1985 onward. The categories and 
descriptions are from Carl SaganÕs 1970 encyclopedia entry on ÒLifeÓ (reprinted in Bedau 
& Cleland 2010, p. 303-305). The rubric for assigning views to particular categories is in 
the text. 

 
Definition  Description  Advocates 

Thermodynamic 

Living systems might then be 
defined as localized regions where 
there is a continuous increase in 
order. ÒLiving systems,Ó however, 
are not really in contradiction to 
the second law. They increase 
their order at the expense of a 
larger decrease in order of the 
universe outside. Living systems 
are not closed, but rather open. 

Altstein 2002, Anbar 2002, Boiteau 2002, Brin 
2002, Buick 2002, Davies & Lineweaver 2005, 
Eirich 2002, Elitzur 2002, Gusev 2002, Hennet 
2002, Jibu et al. 1997, Kauffman 1993 & 2000, 
Kompanichenko 2002, Koppenhoefer 2002, 
Koshland 2002, Krumbein 2002, Lifson 1997, 
López García 2002, Markó 2002, Méndez-Álvarez 
2002, Momotani 2002, National Research Council 
of the National Academies 2002, Nealson 2001, 
Polishchuk 2002, Russell 2002, Sattler 1986, 
Schulze-Makuch & Irwin 2008, Waddell 2002 
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Genetic 

ÒDarwinÕs theory of natural 
selection states that complex 
organisms developed, or evolved, 
through time because of 
replication, mutation, and 
replication of mutations. A 
genetic definition of life therefore 
would be a system capable of 
evolution by natural selection.Ó 

Altstein 2002, Arrhenius 2002, Bedau 1996 & 1998, 
Baltscheffsky 2002, Brack 2002, Buick 2002, 
Cardoso Guimarães 2002, Chalmers 2002, Colin-
Garcia & Guzman-Marmolejo 2002, Davies & 
Lineweaver 2005, Deamer 2002 & 2005, Delsemme 
2002, Des Marais et. al. 2003 & 2008, Dose 2002, 
Eirich 2002, Erokhin 2002, Goldsmith & Owen 
2001, Hazen 2002, N. Horowitz 1986, H. Horowitz 
2002, G. Joyce 1994 & 2002, von Kiedrowski 1999 
& 2002, Korzeniewski 2001, Koshland 2002, 
Krumbein 2002, Kuhn 2002, Lahav 2002, Lahav & 
Nir 2002, López García 2002, Luisi et. al. 2006, 
Méndez-Álvarez 2002, Miller 2002, Mojzsis 2002, 
Momotani 2002, National Research Council of the 
National Academies 2002, Nealson 2001, Owen 
2002, Pace 2001, Ruiz-Mirazo et. al. 2004, 
Schaerer 2002, Scorei 2002, Siefert 2002, Starr & 
Taggart 1992, Szathmáry 2002, Waddell 2002, 
Wong 2002 

Biochemical 

Òsystems that contain 
reproducible hereditary 
information coded in nucleic 
acid molecules, and that 
metabolize by controlling the 
rate of chemical reactions 
using proteinaceous catalysts 
known as enzymes.Ó 

Altstein 2002, Baltscheffsky 2002, Boden 1999 & 
2003, Boiteau 2002, Brack 2002, Buick 2002, 
Chalmers 2002, Colin-Garcia & Guzman-
Marmolejo 2002, Davies & Lineweaver 2005, 
Deamer 2002 & 2005,  Des Marais et. al. 2003 & 
2008, de Duve 2002b, Eirich 2002, Erokhin 2002, 
Farmer 2002, Gánti 2002, Guerrero & Margulis 
2002, Gusev 2002, N. Horowitz 1986, Jibu et al. 
1997, G. Joyce 2002, Kauffman 1993 & 2000, von 
Kiedrowski 1999 & 2002, Klabunovsky 2002, Kolb 
2002, Kunin 2000, Lacey et. al. 2002, Lahav 2002, 
Markó 2002, Méndez-Álvarez 2002, Nair 2002, 
National Research Council of the National 
Academies 2002, Nealson 2001, Nir 2002, Pace 
2001, Poglazov 2002, Postgate 1994, Rizzotti 2002, 
Root-Bernstein & Dillon 1997, Ruiz-Mirazo et. al. 
2004, Russell 2002, Siefert 2002,  Spirin 2002, 
Yockey 2002 

Metabolic 

Òan object with a definite 
boundary, continually 
exchanging some of its 
materials with its 
surroundings, but without 
altering its general properties, 
at least over some period of 
time.Ó 

Arrhenius 2002, Boden 2003, Boiteau 2002, Buick 
2002, Colin-Garcia & Guzman-Marmolejo 2002, 
Davies & Lineweaver 2005, Deamer 2002 & 2005, 
Des Marais et. al. 2003 & 2008, Dose 2002, de 
Duve 2002b, Eirich 2002, Elitzur 2002, Guerrero & 
Margulis 2002, Cardoso Guimarães 2002, Gusev 
2002, Hazen 2002, Hill 2002, G. Joyce 1994 & 
2002, Kauffman 1993 & 2000, Keszthelyi 2002, 
Kolb 2002 & 2007, Kompanichenko 2002, 
Korzeniewski 2001, Koshland 2002,  Kulaev 2002, 
Lacey et. al. 2002, Lahav and Nir 2002, Lippmann 
2002, López García 2002, Maynard Smith 1986, 
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Méndez-Álvarez 2002, Mojzsis 2002, National 
Research Council of the National Academies 2002, 
Nealson 2002, Nir 2002, Rizzotti 2002, Ruiz-
Mirazo et. al. 2004, Russell 2002, Schulze-Makuch 
& Irwin 2008, Sattler 1986, Siefert 2002, Spirin 
2002, Starr & Taggart 1992, Szathmáry 2002, Vilee 
et al. 1989 

Physiological3 

Òany system capable of 
performing a number of such 
functions as eating, 
metabolizing, excreting, 
breathing, moving, growing, 
reproducing, and being 
responsive to external stimuli.Ó 

Arrhenius 2002, Altstein 2002, Baltscheffsky 1997 
& 2002, Boiteau 2002, Brack 2002, Buick 2002, 
Chalmers 2002, Colin-Garcia & Guzman-
Marmolejo 2002, Csanyi & Kampis 1985, Davies & 
Lineweaver 2005, Deamer 2002 & 2005, DeLoof 
1988, DeLoof & Broeck 1995, Delsemme 2002, 
Dose 2002, de Duve 2002b, Dyson 1997, Eirich 
2002, Elitzur 2002, Erokhin 2002, Farmer 2002, 
Goldsmith & Owen 2001, Guerrero & Margulis 
2002, Cardoso Guimarães 2002, Gupta 2002, 
Gusev 2002, Hennet 2002, N. Horowitz 1986, H. 
Horowitz 2002, G. Joyce 1994 & 2002, Katz 1986, 
Keszthelyi 2002, von Kiedrowski 1999 & 2002, 
Kolb 2002 & 2007, Kompanichenko 2002, 
Korzeniewski 2001, Koshland 2002, Kulaev 2002, 
Lacey et. al. 2002, Lahav & Nir 2002, Lifson 1997, 
Lippmann 2002, López García 2002, Luisi 1998, 
Luisi et. al. 2006, Maynard Smith 1986, Méndez-
Álvarez 2002, Mojzsis 2002, National Research 
Council of the National Academies 2002, Nair 
2002, Nealson 2002, Nir 2002, Noda 2002, Owen 
2002, Pace 2001, Poglazov 2002, Polishchuk 2002, 
Rizzotti 2002, Root-Bernstein & Dillon 1997, Ruiz-
Mirazo et. al. 2004, Russell 2002, Sattler 1986, 
Schulze-Makuch & Irwin 2008, Scorei 2002, 
Sertorio & Tinetti 2001, Turian 1999, Turner 2004, 
Siefert 2002, Spirin 2002, Starr and Taggart 1992, 
Stone 2002, Szathmáry 2002, van Hateren 2013, 
Vilee et al. 1989, Waddell 2002, Wong 2002 

Other 

I included as ‘other’ 
accounts which were given 
in religious contexts, 
Eastern views, agnostics, 
skeptics, entirely novel 
kinds of views, and – likely 
– a few kooks. 

Apte 2002, Arinin 2002, Cleland 2011, Cleland & 
Chyba 2002, Colin-Garcia & Guzman-Marmolejo 
2002, de Duve 2002b, Friedmann 2002, Gánti 
2002, Gilat 2002, Guerrero & Margulis 2002, 
Gupta 2002, Gusev 2002, Hazen 2002, Hill 2002, 
Jabr 2013, Jakosky 2006, Johnstone 2002, 
Kawamura 2002, Khandelwal 2002, Korzeniewski 
2001, Kuhn 2002, Lange 1996, Lauterbur 2002, 
Lazcano 1994, Lippmann 2002, Machery 2011, 

                                                

3 This definition is more inclusive and less defined than the metabolic definition, thus all metabolic 
definitions are included as physiological, but not vice versa. 
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Matsuno 2002, Momotani 2002, Olah 2002, 
Polishchuk 2002, Rosen 1991, Schaerer 2002, 
Scorei 2002, Shaw 2002, Soriano 2002, Sterelny & 
Griffiths 1999, Szostak 2012, Tewari 2002, 
Tsokolov 2009 

 

 

By the very nature of this task, it is incomplete and constraining of non-

conforming views. For the sake of consistency, I used a rubric of words as diagnostic 

of any particular definition. For example, a definition counted as thermodynamic if it 

mentioned thermodynamics, equilibrium/disequilibrium, ordered, open/closed system, 

and most uses of energy. A definition counted as genetic if it mentioned Darwinism, 

evolution, offspring, the possibility of mutations, and I included many cases in which 

authors listed ‘information’ as necessary. A definition counted as biochemical if it 

mentioned particular biochemical objects.  These included chemical reactions, carbon, 

polymers, proteins, water, and so forth. 

Sagan worried about biochemical definitions because they were prone to ‘Earth 

Chauvinism,’ or privileging our own biochemistry. Some definitions certainly do. For 

example Altstein’s definition was “the process of existence of open non-equilibrium 

complete systems which are composed of carbon-based polymers and are able to self-

reproduce and evolve on basis of template synthesis of their polymer components” 

(Altstein 2002, p. 16). Others, such as von Kiedrowski’s were less narrow: “a set of 

self-sustaining chemical reactions capable of Darwinian evolution” (von Kiedrowski 

1999, p. 49).  
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Fourthly, I considered a definition to be metabolic if it mentioned 

boundaries/membranes, diffusion, energy, material exchange, compartmentalization, 

self-maintenance, self-renovation, or being self-sustained. Definitions were 

physiological if they mentioned metabolism, eating, excreting, breathing, 

communication, moving, functional connectedness, self-assembly, self-preservation, 

adapting/responding the environment, growing, organized, self-replicating, or 

reproducing. 

It should be stressed these keywords are mere conceptual clusters and are not 

intended to be the definitive assessment of the author’s views. There was a wide 

variety found in each of these views in terms of emphasis. Some viewed one criterion 

as more essential than another, but this was hard to capture in a simple table. Also, it’s 

entirely unclear whether Sagan’s taxonomy is worth employing in the first place. 

Possibly due to the increase in genomic research since 1970, a large percentage of 

contemporary thinking focuses on ‘information’ and the role mutation has on 

introducing variation to a population. Sagan’s taxonomy does not accurately capture 

this category, which is conceptually distinct from each of the options he presented. 

There exist alternative taxonomies. Pályi et. al. (2002) suggest mechanistic-

reductionist, dialectic-materialism, holism, and vitalism as categories. Popa (2004) 

suggests cellularist, genetic, parametric, holistic, mechanistic, generalist, minimalist, 

cybernetic, and material-related. I could have devised a new taxonomy or corrected 
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one of the previous ones, but as I think the project is failed, I chose not to proceed in 

that endeavor. 

The takeaway from current understandings of the definition of life is how widely 

varied they are. Some authors emphasize the importance of information and evolution, 

of which biochemical considerations on Earth are only a particular implementation at a 

particular time. Other authors worry this definition lets too much in and thus stress 

biochemical, thermodynamic, or even metabolic definitions. Whatever the motivation, 

it is safe to say there is no consensus on the matter. Nor does it appear as if any 

consensus is likely to come in the future. Even if we discover a plausible scenario for 

the origin of life, there will still be controversy over whether the steps on the path to 

life (protocells, hyper cycles, RNA-organisms, or autocatalytic chains) can count as 

actually alive (Szostak 2012). The controversy is likely to be higher if there is 

discrepancy over the plausibility of the story or if there are many steps in which 

evolution can be thought to take off. The reason for this, likely, is because biology is a 

messy phenomenon and humans tend to not like cases with fuzzy boundaries.4 In the 

next section we will provide an assessment of the failures of these proposed definitions. 

 

4.4 Ð I NJURED WHILE  RISKING L IFE AND L IMB  

The problems of defining life are well known. For any definition or set of defining 

                                                

4 Interestingly, most of the philosophers that have opined on this issue in recent years have rejected such 
essentialist thinking. It is scientists working on this issue who are intent on this disagreement. 
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traits, one can either show living cases that are left out of the definition or show 

unexpected non-living cases not eliminated by the definition. Life is organized. So are 

geological formations. Life metabolizes, or processes energy. So does fire. Life 

reproduces. Mules don’t, bubbles do. Life evolves. So do star systems. Life is at 

thermodynamic disequilibrium. So is a car. Life is self-sustaining. Parasites are not. 

Life is made of complex biochemistry. So did the RNA world. Life is adaptive 

complexity. So is so much else. 

Such counterexamples cause consternation for anybody wrestling with the 

definition of life. The pre-theoretic notions of the concept of ‘life’ do not match up with 

the diversity of beings we see in nature. Similar concerns happen when we try to give 

necessary and sufficient conditions for many concepts used in science. But in other 

areas of science, as with geologic eras, star classifications, or even species, we have 

many independent examples to use in drawing our conclusions. 

Richard Boyd, in his ‘homeostatic property cluster’ concept of natural kinds, 

viewed such definitions as discoverable a posteriori by group properties’ 

inductive/explanatory role (1991, 1999, 2010). In his view, natural kinds are groups of 

entities that share stable similarities. No property need be essential or common to all 

entities in the group. Boyd’s concept is straightforward and useful in identifying 

species and many other murky concepts in other areas of science. But with life, given 

that we have a single sample and we want to generalize about as-yet unobserved life, 

such an endeavor is not immediately helpful. Additionally, many scientists would 
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disagree as to what must be counted in the initial cluster of objects. As we saw in the 

previous section, some scientists would include prions, viruses, and entities only 

hypothesized to exist in the origin of life, while others would completely reject them. 

The literature on the definition of life is vast, repetitive, and utterly inconclusive. 

With sufficient criteria, presumably all and only living organisms will be counted as 

alive (at the limit, a list of all objects currently thought to be alive). The question will 

then be whether these criteria could be justified or predictive. In the previous two 

sections, I gave examples of the hundreds of extremely intelligent theoreticians who 

have devoted thousands of hours to the pursuit. The absence of a consensus after such 

thorough investigation suggests there is a problem. I argue the problem is within the 

basic project itself. We will not be able to define life because evolution is continuous 

and nature is fuzzy and complex, but categories are not. Realism about life has 

produced dozens of unproductive articles challenging the importance of research in 

astrobiology and artificial life. The pursuit of this project is a hindrance to conceptual 

progress in biology. 

 

4.5 Ð SO IT GOES; SUCH IS L IFE  

Perhaps the issue in defining life is that we never understood what we were 

seeking. A definition can be one of many things, as Quine pointed out and as Cleland 

addresses in this context (Quine 1951, Cleland & Chyba 2002, Cleland 2011). 

Philosophers historically have searched for necessary and sufficient conditions as 
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exemplars of theoretical definitions. These definitions are notoriously impractical and 

tend to be incomplete. A theoretical definition, unlike other definitions, can be challenged 

with a single possible counterexample. The counterexample need never actually occur 

for it to successfully cast doubt on the definition. An example of this can be seen in the 

concept of ‘red,’ which is hard to fully understand if inverted qualia or philosophical 

zombies must be treated as legitimate possibilities. Non-philosophers are typically 

quite frustrated with these definitions. To that end, scientists typically focus on 

operational definitions– ones that work in practice to narrow down the range of 

phenomena under consideration, as with the astrobiology definition discussed in 

section 2.3. Operational definitions tend to be philosophically quite shallow. An optical 

engineer might define ‘red’ as the wavelengths between 400 and 485 THz, ignoring the 

details of the environment, the conditions, and the eye perceiving the color.5 The lack 

of depth of an operational definition can frustrate theoretically minded people. There 

are several other conceptions of definition, as well. We can consider the lexicographerÕs 

or dictionary definition, which is determined by analyzing common usage and transcribed 

in text form at regular intervals. These will not work for any cutting edge issues. 

Instead, they usually follow the slow process of cultural acceptance. Lastly, we also 

accept demonstrative or ostensive definitions, which are concepts we can convey by mere 

shared observations. (“That is read” while pointing at a newspaper, for instance.) 

                                                

5 I brought up this example to a group of biomedical engineers working on vision and they found it hard 
to imagine these wavelengths as not being red. This persisted even after I described well-known 
optical illusions concerning the phenomenon. 
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Potter Stewart famously defined pornography in this manner by saying “I know it 

when I see it” (Stewart 1964). Although some might think this is the best we can do 

(see section 2.6), this isn’t much. Lastly, there are stipulative definitions, which are terms 

introduced and defined by fiat. If we do not believe life is a constructed category, 

stipulative definitions will provide no refuge (see section 2.7). 

Many of the attempts to define life have focused on operational and philosophical 

definitions, often not acknowledging or misunderstanding the distinction. It is 

important to note these two definitions are at cross-purposes– operational definitions 

can be quick and dirty, but philosophical definitions seek to give necessary and 

sufficient conditions. It is open that life could be a quality that is only grasped by 

ostension, of course, but ostensive definitions assume the scientist has sufficient 

understanding to recognize the type of information being given. It is a difficult 

epistemological problem to know whether what you know is in the right track with the 

eventual truth. Pointing at a red object wouldn’t make sense if you didn’t understand 

pointing, for instance. Sterelny & Griffiths argue the history of science vindicates the 

assumption of knowledge by ostension for other phenomena, like iron, salt, and planet 

(1999, p. 357). Cleland and Chyba, using the example of water, argue the opposite (see 

section 1.7). Given the disagreement that already exists in this realm– even among life 

on Earth, it is unclear if “I know it when I see it” is really a viable option (Stewart 

1964). 

The previous sections illustrate how little consensus this issue has produced. The 
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failure, I believe, has more to do with the unintended metaphysical baggage a 

definition is supposed to provide. Philosophical definitions are supposed to be falsified 

by possible counterexamples. A circle in Euclidian geometry can be stipulated as a 

round plane figure whose boundary consists of infinite points equidistant to a single 

other point. There are no possible counterexamples to this definition, given the axioms 

of Euclidian geometry, which are defined by stipulation. Part of the reason for this is 

that Euclidian geometry is axiomatized. As soon as we move away from stipulative 

definitions, however, counterexamples arise. 

Consider an attempt to define swans as “white birds with long necks.” This 

definition cannot be by stipulation, as it would include albino emus. Europeans were 

so surprised by black swans in the 18th century (Taleb 2007), so we can conclude the 

definition was intended as a first approximation of a philosophical definition. With a 

single counterexample, naturalists knew that the standard definition would need to be 

rejected or substantively modified. “White birds with long necks” still serves as a 

decent operational definition, but it fails to uniquely capture the object of interest. 

Perhaps Plato set too rigid of a standard when he advocated the possibility of 

giving necessary and sufficient conditions for any definition. The real world, as biology 

shows, is far too complexly configured for simple attempts to unravel. It is a booming, 

bustling confusion. So I propose to cut the Gordian knot– with definitions of life, at 

least. Instead of continuing the project, we should abandon it for more conceptually 

clear terrain. This is the focus of the next section. 
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4.6 Ð CANÕT FOR THE LIFE OF ME  

In the place of the concept of life, I offer the criterion “naturally arising adaptive 

complexity,” which is meant to be a conceptually clear, if broader category than life. 

‘Naturally arising’ is included in my criterion to distinguish it from artificial adaptive 

complexity, though ‘autonomously arising’ would also capture much of the same 

phenomenon. Thus, if we are to build an account of universal biology, it will best be 

done with a reliance on evolution. A direct criticism for my view will be that it is 

equivalent to the views that defined life as adaptive complexity (e.g. Oparin 

1964/2010). It is not. Some of these views are still committed to essentialist thinking 

that prevents borderline cases. But even the more thoughtful analyses are all still 

committed to the language that gives rise to such disagreements, ‘life.’ Given that 

debates continue to rage over the concept and no progress has been made, I propose 

we abandon this project altogether and move on to fruitful disputes. 

Consider the following thought experiment, alluded to in the introduction: 

It is the year 2085 and humans have formed a colony on Mars. They have taken every 
precaution and are assured that no pathogens from Earth have escaped into the well-
controlled terraformed surface Mars on which a small group of colonists live. About 
150 days into the colony, beginning at midnight on May 29, the colonists are infected 
by a virus-like object native to Mars. By 19:41, there are no survivors. In response, the 
governments of Earth send a group of highly trained scientists to investigate. Among 
these scientists, to no one’s surprise, is a biologist who specializes in viruses.  
 

The “Martian Virus” thought experiment is meant to illustrate what everyone 

already knows: viruses are of interest to biology regardless of whether we decide that 

viruses are alive. Biologists would only be interested if it had some degree of adaptive 
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complexity. A planet covered in crystals that reproduce might be of interest to 

geologists and a planet covered with objects at energy disequilibrium would be of 

interest to physicists, but only a planet covered in objects with some degree of adaptive 

complexity would be of interest to biologists. In the thought experiment, we don’t care 

whether the entities on Mars are ‘living.’ We care whether they behave as if they were 

alive, Viruses obviously do. This is why virologists are not chemists, but biologists.6 

Let’s return to the case of the origin of life. Under the adaptive complexity view, 

we see the problem is to explain a particular kind of adaptive complexity arising from 

primitive parts. It seems impossible to get metabolism or replication through any 

proposed possible scaffolding mechanism, yet a scaffolding mechanism must have 

existed as the alternative is less plausible (Shapiro 1986). The term ‘life’ is completely 

superfluous and unhelpful in this discussion. What we really care about is the origin of 

particular kinds of features that would allow natural selection to take over and produce 

the cuddly living creatures we all know and love. Speaking in terms of adaptive 

complexity is conceptually clear, equally useful, and avoids an unnecessary 

philosophical problem.  

For the majority of biological work, life can be understood as an undefined 

primitive. In much regular work of biology, ‘life’ is a useful category because the 

contrast is so wildly different no confusion can result. Nothing I say here aims to stop 

                                                

6 The interests of biologists will be my proxy for assessing if I have gone too far astray in this proposal. 
This is reminiscent of the morphospecies concept, as groups are consistently distinct, distinguishable 
by ordinary means (Cronquist 1978). 
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this language. I’m just denying anything will come of exploring the concept of life 

closely. In borderline cases, the term ‘life’ authorizes pseudoquestions like ‘is a 

hypercycle alive?’ Using adaptive complexity as a rubric allows us to ask different 

questions, such as ‘can a hypercycle pass the error threshold?’ So at the edges of 

biology, I am proposing we focus on adaptive complexity, however it comes about, 

rather than ‘life,’ whatever it is.  

 

4.7 Ð ADAPTIVE COMPLEXITY A S FACT OF LIFE  

The Martian Virus case is the best case for my proposal, it might be argued. But 

surely my proposal has unintended consequences. Suppose, for example, that we 

found a complex Martian crystal, which replicated. It could be argued that crystals do 

adapt to their environment in some way. They only replicate as much as the solution or 

container allows, for example. But this is a relatively weak adaptation – one in which it 

takes over the environment and stops, rather than continuing to try to find ways to 

persist in the way Earth life would. The adaptedness found in our life is greater in 

degree. That is exactly my point. Adaptive complexity isn’t intended to be a definition 

for life, merely a statement of what is interesting about life. So it cannot be a 

counterexample if other features have some degree of adaptive complexity. 

Once we move away from false essentialist thinking, we can get at the heart of the 

matter of biology. Let us consider other possible counterexamples. Suppose someone 

were to find an example of life that was neither adapted to an environment nor 
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complex– some sort of simple object that is accepted as life but not adaptively complex. 

Prions are perhaps the best-case scenario for such an objection. Suppose the scientific 

establishment decided prions were alive. Even such a scenario would not contradict 

my claim. Prions are capable of a form of evolution (Li et. Al. 2010). So even prions 

adapt to their environment (by getting their environment to adapt to them). The fact 

that prions are relatively simple and adapt to a lesser degree than other objects merely 

shows they are on a lower end of the spectrum of adaptive complexity (see chapter 6). 

There is another possible objection to consider here, which I will dub the “Martian 

Robot” objection. Suppose, instead of a virus, our hapless astronauts find a few 

relatively complicated robots. We don’t consider those to be alive, yet they certainly 

have some apparently adaptive complexity. A detractor could argue such objects are 

extremely complex, adapted, and yet not living. But presumably an intelligent agent 

created the robot. And presumably the intelligent agent itself evolved through 

evolution by natural selection. Nor would it be a problem if the robot appeared fully 

formed via quantum fluctuations (c.f. Boorse 1976, Neander 1991). I must reiterate my 

proposal is not intended to be a definition to life, but an alternative to life definitions, 

so counterexamples are not objections. Objections ought to come in the form of arguing this 

is not a pragmatically useful move. Given that, nobody working in artificial life or 

astrobiology should raise either the Martian Robot or the Instant Robot objections. 

My argument against the concept of life was that it was not fruitful: because there 

are vague cases, the distinction is not a helpful one. But a detractor might ask if I have 
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not fallen into the same trap with regard to adaptive complexity? It’s true that 

adaptations come in degrees. We’re not able to escape vagueness. But unlike life, the 

notion of degrees of adaptive complexity poses no conceptual problems. Evolution by 

natural selection can produce degrees of adaptation to the environment as well as new 

features with no adaptive benefit. Various biological questions are addressed in terms 

of the degree or strength of adaptations. Such language is common. It is less common –

 and possibly incoherent – to talk about degrees of life. 

Why is this more useful than defining life? In discussing the existence of life in the 

universe, we are fundamentally isolated to our own example of life on Earth. We will 

not have multiple examples of life until the discovery or creation of a second origin. 

With life we are fundamentally linked to generalizing from a single example. Adaptive 

complexity is different. We have a firmer understanding about the nature of 

complexity and adaptedness. 

 

4.8 Ð L IFE IS SHORT ; TIME IS SWIFT  

In this chapter, I have defended the view that past and current definitions of life 

fail to capture the phenomenon that interests biologists. I have further argued it was be 

expected. I put forth the ‘Martian Virus’ argument, in which I maintain a Martian 

virus would be of interest to biologists regardless of whether viruses count as living or 

whether it affects living creatures. Furthermore, if anything seemed to respond to its 

environment and change strategies depending on the circumstances, we would be 
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interested in it from a biological point of view. Contrary to popular belief and ongoing 

research, I interpret these intuitions as suggesting the term ‘life’ is conceptually 

confused. I then advocate adaptive complexity as an alternative. Although adaptive 

complexity is as open to vagueness as ‘life,’ this is not a problem for adaptive complexity 

because both adaptedness and complexity occur in a continuum. So while vagueness is 

a conceptual problem in many formulations of ‘life,’ it is not an issue for adaptive 

complexity. We should cease searching for a definition for the term ‘life’ and focus, 

instead, on adaptive complexity. I am not advocating eliminating the use of the term 

‘life’ altogether. In many uses in biology, it will not be an issue to treat life as an 

undefined primitive. But in cases of research in the origins of life, artificial life, and 

astrobiology, we should avoid the use of the term life in all cases where it invokes 

essentialist thinking and gets in the way of research. 

How does this fit into universal biology? A major stumbling block in universal 

biology is deciding what counts as biology. Some have maintained life is a concept well 

understood independent of analysis. Sterelny & Griffiths (1999) and Cleland & Copley 

(2002) make interesting arguments with respect to knowledge by ostension. But with 

universal biology as with artificial life, synthetic life, and astrobiology, we might not 

find very clear examples. Even if the epistemic problem is overcome, there is an added 

worry to building a methodology around an intuition, which might not be shared 

across scientists and fields. Oxygen is not identified via “I know it when I breathe it,” 

nor could interesting generalizations be made using that criterion. Number of protons 



 

 129 

is the only acceptable measure of oxygen that captures the kinds of phenomena we 

associate with the element.  

This chapter argues the question of ‘what is life?’ is a pseudoquestion. Focusing on 

adaptive complexity, on the other hand, has an aspect of computability and objectivity 

that definitions of life or claims of ostension fail to have. This view is introduced as a 

superior alternative to defining life – which has proven intractable– and assuming we 

have a good idea of what life is – which has proven implausible. 
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CHAPTER  5 Ð  

On Possible Biology with Non-Actual Physics 

 

5.1 Ð I NTRODUCTION  

Biology– as we know it– is made of matter and uses energy. As physicalists, we 

assume wherever organisms are in the universe, there is also matter and energy. But 

the reverse is certainly not true: there are many physical objects that are non-

biological. Given the asymmetry, it is intuitive to think that biology depends on physics 

in some fundamental way. This view seems to be the pre-theoretic intuition with which 

most people approach either discipline. This chapter will seek to clarify the 

dependence and suggest it is not complete; some fundamental truths in biology depend 

on the truth of physics, but others follow solely from principles of logic, probability 

theory, and certain unspecified particulars. Particularly, I will argue that the principles 

of evolution are not reducible to actual physics, but rather reduce to a logical schema 

of a certain sort (see Brandon 1978, 1980, 1990, Tuomi 1981). Most people will 

assume I mean evolution via the principle of natural selection (PNS). Indeed, this is 

likely the strongest case for this position. I mean something far broader, however, that 

includes drift, by-products, and all manner of other results expected from evolution. I 

will not argue for the rest, as much of it follows by similar arguments. So in this 

chapter, whenever I say evolution, it is safe to understand evolution by natural 

selection. It is not safe to make that confusion in the rest of this book or the rest of 



 

 131 

science. If this is so and evolution is an important part of biology, then biology is not a 

subset of physics. An interesting conclusion that follows directly is that we can know 

much about what biology must be like in possible worlds with differing physics. We 

can also conclude some features of biology will follow with different, possibly greater, 

generality than that of physics. 

In section 5.2, I will compare explanatory physical reductionism and anti-

reductionism about evolution. In sections 5.3 & 5.4, I will present a third view, logical 

reductionism, and compare it to both physical reductionism and anti-reductionism. 

Sections 5.5 & 5.6 will give two distinct arguments to the effect that logical 

reductionism better represents evolution. Section 5.7 will address a myriad of possible 

responses. Finally, in section 5.8, I will point out interesting conclusions from adopting 

such a view.  

 

5.2 Ð ANTI -REDUCTIONISM AND PHYSICAL REDUCTIONISM ABOUT 

EVOLUTION  

Why is biology universal, if it is? Answering the ‘why’ question will give us a 

better idea of the degree of counterfactual support these candidate biological 

generalizations in biology are expected to have. It might be helpful to consider the 

present discussion in the context of this dissertation. In the last chapter, I maintained 

‘life’ was not a useful concept in the context of universal biology, and we should use 

adaptive complexity instead. Now recall chapter 3, in which I suggested six possible 
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justifications for particular claims in biology. Of those, I left open the possibility that 

the principles of evolution (labeled i) could be derivative from physics (labeled e). If 

so, then biology would only be universal because it supervenes on physics (and physics 

is universal, presumably). This is the position of the physical reductionist. The physical 

reductionist holds the physics of this universe is conceptually able to explain all the 

phenomena of evolution. The anti-reductionist position, on the other hand, implies the 

autonomy of the biological (i) from the physical (e). The anti-reductionist holds some 

explanations in evolution are largely unable to be captured at the level of physics. 

Finally, the logical reductionist position– for which I will argue in this chapter– is the 

view that holds the principles of evolution (i) are able to obtain merely by the 

definitions of their terms and their implementation in the world.  

Traditionally, debates on this point have taken the form of physical reductionism 

versus anti-reductionism. There are several kinds of physical reductionism– 

ontological, methodological, theoretical, and explanatory– and at least as many kinds 

of anti-reductionism. For this discussion, it will be helpful to focus on the explanatory 

physical reductionist. The explanatory physical reductionist about evolution holds the 

view that the ultimate explanation for biological evolution (indeed for any part of 

biology) will always come from underlying physical or chemical facts, whether or not 

these are accessible to the practitioners. The anti-reductionist holds that in at least 

some cases, the underlying physical facts would contribute no added explanatory 

value. In some cases, the physical facts alone do not provide a full explanation, which 
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is best reached by higher-level screening off or even emergent explanations. 

Anti-reductionists believe biology has natural kinds (like organisms, species, or 

fitness) or that evolution is a biological law, which resists reduction. Given these 

properties, anti-reductionists conclude that biology is, to some extent, autonomous 

from physics. Physical reductionists deny this conclusion. 

Advocates of physical reductionism argue for the explanatory primacy of 

chemistry and– most importantly– physics. Such physical reductionists sometimes 

argue that an ideal observer would not need to appeal to biological science in order to 

explain evolutionary phenomena. Instead, an accurate description of the underlying 

physical laws and some translation between biological objects and physical objects 

would suffice to explain any phenomenon. Note that in principle plausibility is enough 

for this thesis. It is not enough to deny that humans will never achieve this nor is it 

enough to suggest that even maximally powerful computers could not achieve this. So 

in some sense it is a metaphysical claim about the dependence of the special sciences on 

the lower-level sciences. In the literature, this view is simply called reductionism, but I 

dub it  ‘physical reductionism’ to contrast it with logical reductionism. 
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Table 5.1 Ð A summary of differences between the physical reductionist perspective and 
the anti-reductionist perspective. 

Physical Reductionism Anti -Reductionism 

Biology has no natural kinds Biology has natural kinds 

Biological & evolutionary phenomena 
are explained more deeply by appeal to 
underlying physical facts 

In some cases, the best explanation makes 
no reference to the underlying physical facts 

Biology is derived from physics or 
molecular chemistry Biology is autonomous 

 

The second camp, the anti-reductionists, holds that– in at least some cases, the 

underlying physical laws are also inadequate to an explanation at the biological level. 

Explanatory anti-reductionists are often ontological anti-reductionists. They hold the 

irreducible reality of features at the biological level such as fitness, traits, organisms, or 

even groups. A major argument in favor of anti-reductionism is the multiple 

realizability argument, which traces back to Putnam (1967), Fodor (1974), and 

Garfinkel (1981). Briefly, the argument holds that since there are multiple underlying 

phenomena able to bring about a higher-level object or explanation, the lower-level 

explanation is ultimately unsatisfying. It’s overkill to explain why a round peg can’t go 

into a square hole by using quantum mechanics. Not only is it overkill, but it also 

misses the phenomenon to be explained, which we would still expect under different 

possible quantum mechanics (assuming it was possible for roundness, squareness, and 

solidity to still hold). still held. It might be helpful to consider this argument using a 
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standard biological example. 

Kettlewell’s example of industrial melanism is an excellent place to start 

(Kettlewell 1959).  Before the industrial revolution, white moths were predominant in 

England. When big smokey factories popped up everywhere, it only took a few 

decades for ‘peppered’ moths, moths with darker coloring, to go from a small 

percentage to over 90% of the moths in the area.1 In order to explain this phenomenon, 

two very distinct kinds of answers could be produced. 

The physical reductionist answer: If you truly want to understand why peppered 

moths took over, you must understand the mechanisms that produce melanin and the 

fact that some concentrations of melanin correctly match the newly polluted 

background (see Nanay & Rosenberg Manuscript). The details needed to expand each 

of these explanations will require a physical account. In fact, only a physical account 

can explain how these variations arise in the first place. This reductionist can be 

viewed as speaking about an ideal observer. Would the ideal observer need to appeal 

to biological properties in order to explain the eventual prevalence of peppered moths? 

She does not think so. An added difficulty is evolution itself. At first glance, it seems as 

if evolution by natural selection is a paradigmatically biological law. The physical 

reductionist must give an account for why we should treat this as not a sui generis law. 
                                                

1 As with all cases in biology, the actual details of the case are significantly more complicated. It turns 
out some of the photographs used in subsequent textbooks about the issue were staged, though there 
is no reason to suppose the data itself is false. Michael Majerus recently discovered there was also 
significant predation on the moths by bats (who could not distinguish between the two morphs). 
Nevertheless, Majerus and others still hold this as a genuine example of natural selection in the wild 
(Majerus 1998, Rudge 2005, Cook et. al. 2012). 
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One way would be to show how natural selection can be reduced to underlying 

molecular chemistry (Rosenberg 2008) or the second law of thermodynamics (Collier 

1986, Brooks & Wiley 1986, Wicken 1979 & 1987, Rosenberg 2014). More on this in 

section 5.7.1. 

The anti-reductionist answer: birds don’t eat the underlying mechanism, they would 

eat dark moths given any possible biochemistry. The complex, detailed answer given 

by the physical reductionist misses that which is to be explained. There are many ways 

to make moths darker. The details of nature complicate this issue in any particular 

case. Nevertheless, it is not enough to explain a particular instance of darkening, as 

this would miss the forest for the trees, so to speak. To explain why the darkening trait 

is generally successful, one need only appeal to the fact that birds like to eat things 

they can see (see Orzack & Sober 1994, for an opposing view, see Nanay & Rosenberg 

Manuscript). Reducing that fact to the things that bring it about adds nothing to this 

aspect of the explanation. The explanation is robust under many starting conditions, 

invariant with respect to its implementation, and multiply realizable. For the anti-

reductionist, the explanation for the phenomenon “dark moths do well in dark 

backgrounds” is natural selection. Only natural selection can give the lawlike, 

counterfactual supporting answer that holds true under a range of environments. 

Furthermore, because the principle natural selection mentions biological agents, it is 

impossible to reduce it to underlying physical features. Thus, the theory of evolution is 

ultimately autonomous at the level of biology and some aspects of biology are not 
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reducible. Physical reductionists might point out that this response abstracts away 

from the phenomenon to be explained in a way that seems to do damage to what they 

consider important in an explanation. This approach is discussed further in the next 

section. 

 

5.3 Ð REDUCTIONISM ABOUT EVOLUTION : PHYSICS OR LOGIC  

Physical reductionists maintain that evolution is ultimately reducible to physics, 

and anti-reductionists believe evolution is irreducibly biological. There is conceptual 

room for a third position: one that holds that evolution is reducible to something other 

than physics. I shall call this camp “logical reductionism.” This view holds evolution is 

an expected result from time and evolutionary conditions (variation, heredity, and 

differential fitness, properly understood). This will be further discussed in section 5.4 

& chapter 6. 

There are authors in the philosophy of biology that have maintained positions 

similar to this. Robert Brandon (1978) holds the Principle of Natural Selection (PNS 

henceforth) is a schematic law of biology, one that needs be specified in order to yield 

each testable instance of it. Juba Tuomi also holds this view, although he calls it a 

‘meta-law’ (1981). Elliott Sober has argued in various places (1997, 2011) for a priori 

causal models of biology. Among biologists, Van Valen (1976), Murray (1979, 2000), 

and Maynard Smith (1986) also hold an a priori version of evolution. The view 

advocated in this chapter differs from these views in that it explicitly denies there is 
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anything uniquely biological about evolution. Rather, evolution follows from certain 

conditions, which biology exhibits. 

At first glance, it might seem as if logical reductionism would have more in 

common with the physical reduction camp than with anti-reductionists. Yet physical 

reductionists should not view logical reductionism as an ally. Logical reductionists hold 

an ultimate reduction to physics is unhelpful. An explanation for any particular 

evolutionary phenomenon can be given in physical terms (depth in the sense of Sober 

1999), but this won’t account for the similarities between different cases of evolution 

(breadth). Consider what would happen if we accepted evolution occurred in other 

substrates, such as the change in culture over time. It seems the physical reductionist is 

forced to either deny such phenomena evolve or give separate, independent accounts 

of evolution,2 while the logical reductionist need only appeal to the evolutionary 

principles and the details of the underlying substrates.  

Physical reductionists have another response available to them, however. Namely, 

they could argue, as Lange & Rosenberg (2011) argued in a different context, that a 

priori models do not have causal power. If so, this kind of universality is not only 

cheap (as discussed in section 3.6), it is toothless. It should not be surprising that there 

is a tension between generality and actuality. This was recognized in Brandon’s 

original assessment of the PNS (1978). In fact, there might be more agreement here 

                                                

2 Some physical reductionists will believe evolution is merely an interesting outcome of the second law of 
thermodynamics (Rosenberg 2014). Even under those views, however, the physical reductionist needs 
to specify an extremely different derivation to explain each phenomenon. 
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than meets the eye. Both breadth and depth are necessary for a full explanation. There 

is a sense of agreement between the two camps in that both the logical reductionists 

and the physical reductionists admit (some possible) physics is necessary for the 

explanation of any particular evolutionary phenomenon. Consider this quote: 

 “Natural selection requires three processes: reproduction, variation, and inheritance, 
It doesn’t really care how any of these three things get done, just so long as each one 
goes on for long enough to get some adaptations.” —Rosenberg 2014 p. 220. 

 

This is all the logical reductionist needs. Suppose we accept that all cases of 

evolution in the actual world are brought about, implemented, or realized by the laws 

of physics and the conditions of the universe.3 The logical reductionist can cede to the 

physical reductionist that physics suffices for the causal explanation of all cases of 

actual evolution. Where they would disagree is in whether we can consider causal 

explanations to be the only important explanations. Logical reductionists assert the 

logical structure of evolution is also needed to explain why physics is able to implement 

the evolutionary process (and this structure cannot be captured by purely physical 

facts). This structure, the logical reductionist claims, can be implemented by any 

number of physical phenomena. Which means the logical reductionist would expect 

evolution to occur even if the laws of physics were somewhat different – as long as 

time still went forward somehow and entities still could interact with their environment 

                                                

3 This is “actual world” in the sense of Lewis 1979. It refers to the universe we live in. Possible worlds 
are ones that might have different physics or history. Non-philosophers should not be afraid, as I will 
use the terminology without importing any of the metaphysics. 
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in a way that allowed them to vary, persist, and succeed. The existence of evolution 

given alternative physical laws is not open to a naïve version of a physical reductionist. 

It would be a simple response for the physical reductionist to deny anything other 

than biology evolves in the same way as biology. Or to maintain that there are no other 

possible laws of physics and so the logical reductionist point is conceptually flawed. 

More detailed responses will be given in section 5.7.1 - 5.7.3. 

 

5.4 Ð LOGICAL  REDUCTION ISM OR ANTI -REDUCTIONISM ABOUT 

EVOLUTION  

Against the anti-reductionist, the logical reductionist ignores the existence of a 

biology-specific ontology. Since most formulations of the PNS mention biological 

kinds, anti-reductionists seem justified in regarding the PNS as a biological law. 

Reducing the principle of natural selection to logic strips the anti-reductionist of her 

single candidate law– and key argument for anti-reductionism–to a mere piece of logic 

applied to a particular ontology. Consider a classic formulation by Robert Brandon: 

If a is better adapted than b in environment E then (probably) a will have more 
(sufficiently similar) offspring than b in E (1978, p. 107, emphasis added for each 
biological term)  
 

Brandon’s formulation seems to focus on two individual variables, a causal 

interaction, and the expected consequences of such a causal set-up. Now consider 

Richard Lewontin’s famous summary of the conditions for evolution: 

1. Different individuals in a population have different morphologies, physiologies, and 
behaviors (phenotypic variation). 
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2. Different phenotypes have different rates of survival and reproduction in different 
environments (differential fitness). 

3. There is a correlation between parents and offspring in the contribution of each to 
future generations (fitness is heritable). (1970, p. 1. Emphasis is added to each biological 
term) 
 

Before we get to the details, we should note that this is far from the final word on 

the matter. This formulation is well known and well corrected, even by Lewontin 

himself, who in 1978 added a fourth condition (a causal link between 1 & 3). Bouchard 

(2004, 2011), for example, has argued for the primacy of an account of persistence as a 

measure of fitness. Okasha has pointed out that the heritability of fitness is not what 

matters, but what matters is the heritability of the traits that bring about the fitness 

(Okasha 2006, but see Pence & Ramsey Forthcoming). But these corrections merely 

seek to correct details of these conditions or specify never to throw them out 

altogether. There are dozens of accounts of evolution aside from Lewontin’s, but they 

typically reference or assume the same features: 

¥ Sources of evolutionary novelty 
¥ Differences in fitness or limited resources 
¥ Correlation of variations across time/heritability 
¥ Correlation of variations with fitness 
¥ An environment not changing faster than the variation allows/sufficient time 

 
Many philosophers of biology hold something like these views accurately reflects 

the principle of evolution by natural selection. Anti-reductionists view these terms as 

evidence of the biological nature of the PNS. Contrary to this view, the logical 

reductionist denies any of the biological terms are essential for the PNS. Instead, any 
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number of entities could take the place of those terms in a properly formulated PNS. 

The conditions for evolution are often given as conditions, but they can easily be 

rendered as an argument, as shown by Van Valen 1976. Van Valen’s argument runs for 

dozens of steps. A considerably more compact formulation is given here: 

1. There is a system in an environment composed of parts, members, or aspects. 
2. Variations in the members, parts of the members, or aspects of the members 

enter this system or arise within it. 
3. These variations are retained across time in the system with some positive 

probability. 
4. These variations increase or decrease in frequency or extent within the 

system with respect to how well or poorly they are able to increase their 
representation across the system and how well they are retained across time. 

5. The variations are causally responsible for their own increase or decrease in 
frequency. 

!  Over time, this system will tend to be more composed of variations which 
have done well rather than those which have done poorly.4 

Note that this has been rendered as a deductive argument as opposed to a set of 

criteria (as with Lewontin). The uses of ‘probability’ in premise 3 and ‘able’ in premise 

4 are inductive premises, to point out the fact that the world could, after all, still 

conspire against the more fit organisms.5 Nevertheless, the premises in the argument 

provides a good set of conditions by which a system could be called evolutionary. 

None of the premises require any particular kinds of objects. If this argument 

                                                

4 Perhaps this argument could be restated as a definition: “an evolutionary system =df a system of 
objects which vary, these variations are retained across time, and increase or decrease in frequency 
with respect to how well or poorly these variations are able to increase the frequency of the objects at 
later time points” (see Beatty 1980 for a similar formulation). 

 
5 The principle of natural selection, like the principle of direct inference, is a direct consequence of an 

application of deductive reasoning with probabilistic conditions to a specific substrate. 



 

 143 

accurately reflects the process of evolution, biological kinds can evolve, cultural kinds 

can evolve, non-physical entities can evolve, and even entities arising in different 

physics could evolve, as long as premises 1-5 somehow held. Anti-reductionists, on the 

other hand, aren’t committed to any particular assessment of these systems as 

comparable to biology. See table 5.2. 

 

Table 5.2 Ð A summary of differences between the physical reductionist perspective, the 
anti-reductionist perspective, and the logical reductionist perspective. 

Physical Reductionism Anti -Reductionism Logical reductionism 

Biology has no natural 
kinds Biology has natural kinds No position 

Biological & evolutionary 
phenomena are explained 
more deeply by appeal to 
underlying physical facts 

In some cases, the best 
explanation makes no 
reference to the underlying 
physical facts 

Evolutionary phenomena 
may sometimes be best 
explained by reference to the 
underlying logical structure. 

Biology is derived from 
physics or molecular 
chemistry 

Biology is autonomous 
Biology, if derived, is 
derived from physics, 
chemistry, and its logical form. 

 

There are many kinds of anti-reductionism. Some hold that biological kinds are 

real and exist. Logical reductionists about evolution need not disagree with this 

commitment as it is open for them to remain silent about the ontological existence of 

biological kinds. There is, however, a form of anti-reductionism which maintains the 

PNS is essentially and irreducibly a law (or principle) of biology. Logical reductionism 

and this kind of anti-reductionism clash on this issue. Logical reductionists hold any 

PNS that mentions biological kinds is merely a particular implementation of a more 
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general logical form. Consider the difference between Lewontin’s third criterion and 

my own. Lewontin specifically mentions parents, offspring, and generations. But even 

within biology, there are doubts these criteria are essential (Bouchard 2004, Doolittle 

2014). Not only that, but presumably the discreteness of generations, parents, and 

offspring came about at some point in evolutionary history. Even if evolution is 

essentially biological, biology must have originated in some way, presumably through 

chemical evolution. Given this and the widespread acceptance of approaches accepting 

something of this sort, it seems justified to render a more general formulation for 

evolution by natural selection. This discussion is continued and defended in section 

6.3. 

 

5.5 Ð ARGUMENTS IN FAVOR OF LOGICAL REDUCTION ISM  

This section and the next aim to show why logical reductionism is a more plausible 

view for evolution than the alternatives. Neither argument is intended to be a knock-

down argument in favor of logical reductionism. They are merely intended to show 

why this view is at least as plausible as any alternative and more in line with the actual 

evidence. The concept of artificial life, mentioned earlier, will be helpful in this 

discussion.6 Philosophers and practitioners of artificial life can be divided into two 

camps: 

                                                

6 In what follows, I am solely focusing on computer simulations, not on robots or life synthesized in a 
lab. 
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The Strong View – a properly programmed digital computer program could literally 
be alive. This life would be different than that of any biological organism, but 
no less alive. 

The Weak View – a properly programmed digital computer program can teach us 
a lot about life, the universe, and everything. 

 

The weak view is relatively uncontroversial, so we will focus on the strong view in 

what follows. Some advocates of the strong program believe they have already created 

life (e.g. Ray 1995). Unsurprisingly, these claims and the strong program have faced 

some serious philosophical attacks since they were first introduced (Sober 1991, 

Boden 2003). These attacks push the line that Artificial Life (A-Life for short) might 

be missing some crucial feature of living things or that physical realization is necessary 

for features to justifiably be counted as alive. If those assertion are true, then the 

strong program is fundamentally flawed. If, on the other hand, life does not ultimately 

require physics, there is no principled philosophical reasons to reject the strong 

program in A-Life.7 The detractors are wrong. 

Logical reductionists have to take the strong view seriously.8 On the other hand, 

anti-reductionists need not be committed to any interpretation of the strong view. 

Physical reductionists seem committed to denying the strong view except under very 

precise conditions. If evolution truly is reducible to physics, as a physical reductionist 
                                                

7 This is not to say that anyone in A-Life has or will succeed at this, merely that it is conceptually 
possible. 

 
8 Given what I argue for in chapter 4, I deny the strong view because I deny that there is anything 

interesting about life above and beyond the adaptive complexity it represents. But I accept the general 
idea. Both life and A-Life can produce adaptive complexity, although details about A-Life not being 
naturally arising might pose problems for drawing any strong parallels. 
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holds, then practitioners of artificial life must first program this universe’s underlying 

physics, then program the evolving entities. This sets up the counterargument fairly 

nicely. The logical reductionist can retort that in some cases, such a move would not 

gain us any extra information and would actually cost us quite a bit of simplicity and 

elegance. Consider the following argument: 

1. The causal mechanisms for evolution can be successfully rendered using 
software (e.g. Langston 1989, Ray 1995). 

2. Such software need not specify physical laws of nature and can, in fact, assume 
very different laws of nature. 

3. If evolution were derived from physics, the results of such programs would be 
unrelated, mysterious, or only analogous to the results more accurate models 
predict. 

4. Nevertheless, there are predictable, recognizable aspects of life rendered on 
computer simulations. 

!  Evolution is not derived from physics. 
 

Premise 1 might be taken to assume the truth of logical reductionism. Boden 

(1996, p. 8) points out that many biological processes are arbitrary with respect to 

biochemistry. Biochemistry does not map onto biology in any simple way. The same 

biological process can be instantiated by different mechanisms in different species. She 

argues physical existence is necessary for metabolism to exist. Since metabolism is 

necessary for life, then one can never render life on a computer. If I succeeded in the 

argument from the last chapter– that such accounts of life are flawed– then it follows 

that this objection is based on a mistake. Some forms of anti-reductionism merely deny 

this premise by maintaining other implementations of evolution are not biological 
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evolution. I will address this objection in section 5.7.4. 

Premise 2 follows from how this software is implemented. While entire worlds are 

occasionally programmed, they often do not include minute details of laws of nature. 

Unless they were interested in the motion of objects through different pressures, they 

would not render the ideal gas law, for example. One possible rebuttal to this premise 

would claim these programs are still realized by physical objects: computers. This 

objection fails to realize the physical objects which produce these programs aren’t 

evolving– only the information within them is.9 In the world of the computer program, 

a number of adaptations and response to the computer environment can occur. In the 

world of the graphics card these programs run, electrical impulses are going on, but 

nothing is truly evolving in the sense to which we are referring. 

Premise 3 is trickier to defend. A physical reductionist can take any number of 

positions with regard to how evolution reduces to physics. For now, suppose they 

assume that evolution reduces to the whole of physics in some complexly configured 

way. In section 5.7.1, I will relax this supposition and argue that even if evolution only 

reduces to a part of physics (the second law of thermodynamics, especially), this won’t 

vindicate the position of the physical reductionist. In that section, I will also address to 

what extent a physical reductionist can appeal to the notion of ‘analogy’ in this 

                                                

9 There is a worry with respect to considering the information itself to be evolving: the connections 
between each ‘generation’ do not seem causal. There is some computational connection between 
different software, but whether this can count as causal in the appropriate metaphysical sense is 
another question. I assume it can, and thus the phenomena actually evolve, but would be willing to 
cede the argument if one denies these connections are causal at the level of information (see 5.7.6). 
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premise. This will depend on the nature of the reduction. 

Premise 4 is a double-edged sword. If the results from these simulations tell us 

nothing new, then it seems as if we have fooled ourselves into recreating what we 

already know. That would be problematic, because if A-Life is really life under a 

different substrate, then we should really be seeing at least some evidence of this 

difference. But if the results are entirely novel, it is even worse because it suggests we 

have not succeeded in correctly representing biology. Or, worse, it suggests biology is 

so fundamentally contingent it would be unrecognizable if implemented differently. 

Thankfully, the results from A-Life do not land in either extreme. Tom Ray, the 

mind behind the Tierra language, has found lots of interesting similarities and 

dissimilarities in his artificial worlds. For example, he’s seen that obligate parasites 

always evolve (Ray 1995). Tierra is composed of different programs that compete for 

system resources. In his renderings of these systems, he notes that if it is available for 

programs to hijack the replication mechanisms of other programs, this strategy always 

arises. He also notes that an arms race evolves in which programs develop an 

immunity to parasites, hyper parasites evolve to counteract these immunities, and so 

on. Other interesting phenomena he notices arising are increased variance in terms of 

‘fecundity’ and ‘longevity’ and the evolution of ‘sociality’ (in the sense of creatures that 

can only replicate in aggregations). 

So A-Life is able to provide novel results that inform biology. This argument 

suggests that– despite the differences– the strong view is correct and A-Life can 
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implement evolution.10 If this is so, then it directly follows evolution is not reducible to 

physics. When a programmer designs a computer program that evolves in this way, we 

are given a glimpse into a possible world with the laws of the program. In some sense 

we know this world is possible because the computer has successfully run it. 

Computers can simulate many things, but impossible things are not among them. 

The argument given in this section can be restated without reference to A-Life: 

 
1. Some evolutionary systems can successfully be modeled (and make somewhat 

accurate predictions) without reference to their physical bases and without 
implying any particular underlying physical phenomena. 

2. If evolution were derived from physics, models of evolutionary systems would 
assume certain underlying physical phenomena. 

!  Evolution is not derived from physics. 
 

In fact, we need not look far to see examples of this. Consider the Lotka-Volterra 

equations of predator-prey interaction: 

 

dx/dt = x(-βy+α) 

dy/dt = y(xγ + δ) 

 

In which x is the number of prey, y is the number of predators, α is the natural 

growth rate of the prey in the absence of predation, β is the death rate per encounter of 

                                                

10 Again, the strong view has a limited correctness, as I think it is based on the flaw of thinking of life as 
a natural kind, but that is superfluous to the argument. 
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the prey due to predation, γ is the natural death rate of predators in the absence of 

food (prey), and δ is the efficiency of turning predated animals into predators. The 

details are unimportant for this discussion. The only thing necessary to point out is that 

these equations produce a dependent cycling behavior when realistic values are 

plugged in for each of the variables. These equations have been used to explain and 

loosely predict the behavior of predators and prey in a given system. 

Consider the following expected theoretical result: 

 

Figure 5.1 Ð The theoretically expected results of interacting prey and predators given no 
other confounding variables. This model assumed an initial starting population of 50 prey, 
15 predators, a value of .5 for ! , .025 for " , .005 for #, and .05 for $ (using Sharov 2014). 

 

And compare it to this representation of historical data, from Leigh 1968: 
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Figure 5.2 Ð A moving trend line rendered from data in Leigh 1968. The line represents a 
moving trend line averaging two nearby data points represented as circles. 

 

These equations require simplifying assumptions: there is ample food, the predator 

has no other substantial food supply, rate of change is proportional to size of the 

population, the dynamics of the interaction do not change, and predators do not stop 

eating prey, all of which are often falsified in natural systems. Consider these charts of 

the influences of population numbers in the snowshoe hares and lynxes:  
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Figure 5.3 Ð Showing deviations from the Lotka-Volterra equation assumptions among 
snowshoe hares (from Stenseth et. al. 1997). 
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Figure 5.4 Ð Showing deviations from the Lotka -Volterra equation assumptions among 
Canadian lynxes (from Stenseth et. al. 1997). 

 

And there are other confounding variables, notably that any number of cycling 

phenomena can be said to correlate or anti-correlate if the cycles happen to coincide. 

For example Griffin et. al. 2005 correlate full moon activity with snowshoe hare 

predation, Zhang et. al. 2007 correlate air pressure with predicting the population 

changes, Sinclair et. al. 1993 attempt to correlate sunspot activity with the hare/lynx 

cycle, although they are assessed and rebutted thoroughly in Ranta et. al. 1997. Leigh 

calculates an eight-year cycle for the lynx with a .4 autocorrelation and he shows lynx 

populations are most strongly correlated with the hare population of the previous year 

(Leigh 1968 p.55-7). 
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The point remains – the cycles observed in nature correlate highly with the results 

predicted theoretically.11 Nothing in the equations requires biological or physical 

objects. The physical facts of this model might be able to explain why things deviate 

from the model or why the model applies, but the observation of cycling behavior 

among all instances of predator/prey relations–even if rendered in an artificial 

environment– is ultimately mathematical. The physical reductionist is able to explain 

hares & lynxes, lions & gazelles, and so on, but the physical reductionist cannot allow 

herself to the similarity relation between the theoretical result and any instance of 

predator/prey interaction, or else the position simply collapses to logical 

reductionism.12 Physical reductionists might look to the Lotka-Volterra equations and 

point out that they only work because they replace talk of snowshoe hares and lynxes 

with talk of ‘prey’ and ‘predators.’ Because of this generalization, the physical 

reductionist is not motivated to formulate an account of the similarities the interactions 

have in common. The logical reductionist points out abstractions can be explanatory 

                                                

11 There are two worries one might have. First, that the theory and background assumptions are 
adjusted to fit the data (ala Quine 1951). But the Lotka-Volterra equations pass Psillos (1999)’s 
notion of ‘use novelty’ in that information about the evidence is not used in formulating the theory and 
the theory is not modified to accommodate the new information. A second worry is that any natural 
phenomenon must approximate some mathematization, rendering this instance uninteresting. My 
response is only that the mathematization shows what some causal factors would produce in the 
absence of intervening forces. In this respect, the models of some biological phenomena are on par 
with Newton’s first law of motion. Whether we capture the correct causal forces is a further empirical 
question, see figure 5.3. 

 
12 Garfinkel 1981 (p.49-58) also discusses this case, although his objection is to the level and subject of 

the physical reductionist explanation. He holds microphysical states are the wrong level of 
explanation and that such explanations contain much that is irrelevant to answering the higher-level 
explanatory question. He further holds such explanations need also import macrolevel facts, without 
which the reductive explanation would be incomplete or irrelevant. 
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when new instances instantiate the elements of the abstraction. Furthermore, this is 

not merely an epistemic issue– the abstraction captures an underlying relationship with 

causal consequences any time it is instantiated. 

In sum, A-Life and modeling can give us an accurate portrayal and representation 

of evolutionary systems. These representations can illustrate and illuminate without 

reference to a physical basis suggesting the commonalities they represent are not 

physical in nature. If they are not physical, the natural conclusion is that the 

underlying logical structure suffices for this result. 

 

5.6 Ð MATERIAL AND  LOGICAL BASIS OF EVOLUTION  

There is a more general point being hinted at by the arguments given in the 

previous section. Namely, what was argued in section 5.4: the structure of evolution 

traces its truth value to its logical structure. Briefly:  

 
1. The structure of evolution traces its truth-value to applications of logic or 

probability theory, not physics, and does not end at the level of biology. 
2. If evolution were reducible to physics, evolution would trace its truth-value at 

least through physics or would itself be a law of physical systems. 
3. If evolution were irreducible in biology, the truth-value of evolution would 

culminate at the level of biology. 
!  Evolution is not reducible to physics and is not irreducible in biology. 
 

Let’s illustrate this by considering two claims. The first comes from paleontologist 

Stephen J. Gould and the second is by synthetic biologist Steve Benner (Gould 1996, 
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Benner 2004, Benner et. al. 2004, and in an interview in Impey 2010): 
  

(23) An increase in mean complexity of living organisms over large amounts of 
evolutionary time is expected 

(13) All life will evolve to use ribose 
 

Assume both are true. Using the labeling system introduced in section 3.2, Gould 

views his claim as justified by certain principles of probability (a), some notion of 

heritability (i), and the nature of how life originates (o). Although Benner is not 

explicit, we can infer his claim is justified by the laws of chemistry (e) and facts about 

evolution (i).  One way of thinking about this is by discussing the modality of these 

claims. Benner’s assertion is true in all possible worlds that use the same kind of 

chemistry we do, in which natural selection is sensitive to the energetic properties of 

chemistry, and in which life has had enough time to evolve. Gould’s claim, on the other 

hand, applies in all possible worlds in which life arises through natural processes, in 

which the rules of probability hold, and in which life has enough time to accumulate 

complexity.  If my assessment is correct, then Gould’s claim is more general than 

Benner’s for the simple fact that it is expected to hold in more possible systems. If 

Gould’s claim is more general (or differently general), and doesn’t require precise 

details about the laws of physics, then it follows its generality does not originate in that 

physics. 

Physical reductionists would resist this argument. One move would be to assert 

that Gould’s claim is explainable by the second law of thermodynamics. The second 
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law of thermodynamics states that disorder will (probably) increase over time in all 

closed systems. Gould’s claim is about a diffusion process away from a state of minimal 

complexity. A stronger case is made by McShea & Brandon 2010. They argue that the 

increase in complexity is expected regardless of initial conditions in a way that is not 

reducible to the second law of thermodynamics, but merely logic (a). 

Another possibility is to deny the possibility of an alternate physics. If the laws of 

physics in this universe aren’t merely physically necessary, but metaphysically 

necessary as well, then it seems as if the logical reductionist is in serious trouble. 

Luckily, we need not venture into possible worlds in order to rebuff that rejoinder. It 

might help to think back to the discussion of Artificial Life. Imagine you are a 

computational biologist programming a computer system to generate either (23) or 

(13). Since (13) requires the laws of chemistry, those must be programmed along with 

frequency, proximity, and other properties relevant to chemical interactions of 

organisms. Surprisingly, since (23) does not require details of chemistry, it would be 

significantly easier to render: one only needs to program some details of evolution and 

an initial condition in which complexity is fairly low. The conclusion, again, is that 

(23) is more general than (13), only in this case it is more general in the sense of 

requiring fewer parameters. By focusing on the underlying structure as suggested in 

chapter 3, we were able to tease out this observation and predict a different sort of 

generality for these two generalizations. To fully explain the system and all its details, 

fundamental physics is needed, but so is the underlying logical structure (a). An 
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approach that saw them as simply existing at the level of biology or as simply being 

physics would find such an assessment difficult to defend. 

There is a parallel Aristotelian version of this argument.13 Think back to Aristotle’s 

four causes or explanations (from Physics II 3 and Metaphysics V 2). These are the 

formal, the material, the efficient, and the final. Typically, biology is associated most 

strongly with teleology, or final causation. This, of course, is vindicated in some slight 

sense by all organisms’ long history of natural selection. Efficient and material 

causation are relevant in current descriptions of biological phenomena and their 

structure, respectively. But I am arguing we have ignored the formal explanation in 

these discussions.  

 

5.7 Ð SOME FREQUENTLY ASKED QUESTIONS AND RESPONSES 

There are several responses open to defenders of various opposing views: 

 
5.7.1 Ð Evolution reduces to the second law 

Physical reductionists could maintain that the PNS does not reduce to 

the whole of physics, but some small portion of it– the second law of 

thermodynamics, perhaps (c.f. Collier 1986, Brooks & Wiley 1986, 

Wicken 1987, Rosenberg 2014). This approach would save physical 

reductionism and have much of the same payoff as the logical 

                                                

13 Thank you to Jing Hu for this suggestion. 
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reductionist position. Namely: it would also guarantee we could know 

something about other possible biologies. The logical reductionist’s 

response to this argument is simply that there is no guarantee such an 

approach succeeds. The physical reductionist seems to be appealing to a 

possible reduction that may never happen (but see Prigogine & Lefever 

2003, Michaelian 2011, and England 2013). A second response is that 

any number of possible laws could approximate the second law of 

thermodynamics. If it were possible to imagine a possible world in 

which time still moved forward,14 we can achieve all of the same kinds of 

evolution as with the second law of thermodynamics. Consider for a 

moment a possible Berkeleyian world of ideas. In this world, particles 

do not exist and so the second law of thermodynamics is inapplicable. 

Nevertheless, if objects exist, causally interact, and meet the conditions 

for evolution (from section 5.7), I would argue evolution was still 

possible. A Berkeleyian evolution might differ in interesting ways from 

the evolution seen in our world, but this is a topic for the next chapter. 

5.7.2 Ð Some ÔphysicsÕ must always underlie evolution 

                                                

14 To address this deeper would require a further chapter in the philosophy of physics. I assume it is 
possible, as in the cases of artificial simulations, but I am open to discussion about whether this is 
unjustified. 
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Physical reductionists have a second very legitimate response: in any 

instantiation of evolution, some possible physics must be instantiated. If 

so, then a one-way reduction could be done in each instance, so physical 

reductionism would be saved. Consider figure 5.4, in which it seems as if 

the whole of evolution is contained within some possible physics:15 

 

Figure 5.5 Ð The physical reductionist view on the right  is contrasted with 
the logical reductionist view on the left . Presumably evolution can always 
be implemented by some possible physics, but the logical reductionist denies 
it will always b e the actual physics.16 

 

                                                

15 I am told Venn Diagrams specifically refer to two overlapping circles, not to the images I have drawn 
here. Thank you to Tim Cleveland for this observation. 

 
16 This claim depends on a metaphysical thesis that any instantiation of entities counts as a ‘physics.’ It is 

conceivable to hold the ontological view that fictional entities are real, some can meet the conditions 
listed in Section 5.4, and yet they do not instantiate any physics. I do not hold this metaphysical view, 
but allow some who do would need to redraw my diagrams slightly. My own view is that a logical 
construct like evolution needs some realizer or implementation. I choose to call any such 
implementation ‘physics,’ but am open to other views. I thank Aryn Conrad for this question. 
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The logical reductionist position has two possible retorts. First, she 

could argue that evolution is a natural kind, but this unholy conjunction 

of possible physics is not. The physical reductionist perspective would 

then be some sort of trick unworthy of considering. Second and more 

interestingly, she could maintain that evolution is understood by its 

logical constituents, and so any further explanation in terms of its 

underlying physics is superfluous in some deep way. We might need 

physical underpinnings to describe the instantiation relation of these 

logical constituents,17 but any consistent set of laws will do. 

5.7.3 Ð Evolution reduces to its physical realizers 

While I accept a form of methodological reductionism, I find it too 

extreme for me to accept a negative universal claim. The physical 

reductionist position holds every higher-level explanation is incomplete 

without appealing to lower-level phenomena. But I think we should be 

more cautious when it comes to intellectual commitments. The notion of 

a ‘complete’ explanation is mysterious to me. Surely we don't need to be 

LaPlace's demon for each full explanation. But without the demon’s eye 

view, we seem to be open to anti-reductive explanations. Furthermore, I 

                                                

17 See Mariscal In Preparation. We take the notion of 1 orange + 1 orange = 2 oranges to be a priori true. 
But it is not true that 1 Uranium-238 atom + 1 Uranium-238 atom = 2 Uranium-238 atoms. And it is 
not true that 1 network + 1 network = 2 networks. Or 1 gene + 1 gene = 2 genes. The details of the 
instantiation relation matter. 
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think some explanations – as with math – cannot be explained by the 

actions of particular physical substrates. Marc Lange takes this approach 

when he argues that distinctively mathematical explanations have more 

robust counterfactual support than any possible physical explanation 

(2012). He gives this example: 

“The fact that twenty-three cannot be divided evenly by three explains why it is that 
Mother fails every time she tries to distribute exactly twenty-three strawberries 
evenly among her three children without cutting any (strawberries!).” (Lange 2012, 
p. 489) 

 
Lange holds it is superfluous to use physics to explain why mother 

cannot divide 23 strawberries among her three children (except with 

regard to why strawberries don’t spontaneously divide when distributed 

or any such details). What this chapter argues, then, can be well-

rendered in Lange’s account: the truths of evolution are more robust 

across possible worlds than a basic version of physical reductionism can 

allow. In evolution, it is always possible to give a particular account of 

why this individual organism survived or why that particular trait 

spread across the population. But focusing on the details gives one 

explanation while eschewing another, broader explanation. Sober was 

correct when he argued that multiple realizeability all but guarantees 

that higher-level sciences are causally incomplete (1999, p. 562), but he 

was privileging one kind of explanation (causal) in that assessment. 
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Privileging a different kind of explanation, unification for example, will 

conclude that the opposite view is incomplete. 

5.7.4 Ð Why isnÕt everything evolutionary considered biological? 

The anti-reductionist also has several possible responses. Anti-

reductionists could widen their definition of ‘biology’ to include 

anything that appeals to evolution. This would be devastating to my 

attacks against the principle of  Such a response is interesting and 

entirely acceptable. In fact, one gloss of my argument in chapter 4 might 

be taken to be equivalent to this claim. 

5.7.5 Ð ÉOr  reject anything non-biological as non-evolutionary? 

Anti-reductionists might also hold the opposite, that evolution in biology 

is a law of biology, but there are many other kinds of non-biological 

‘evolutions.’ These, the anti-reductionist might argue, only have a family 

resemblance to biological evolution and are not worthy of consideration. 

I am not motivated by this response, as I think the resemblance matters. 

In fact, how are we to understand our own biological evolution without 

considering other, possible evolutions? What is it that explains their 

similarity? Logical reductionism has an answer to these questions, but 

they are not well worked out in an anti-reductionist view. 

5.7.6 Ð Mistaking the epistemology for the structure 
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   I take the position of logical reductionism to be committed to two 

theses. First, evolution is not a sui generis law of biology, but a principle 

of logic paradigmatically instantiated by biology. Second, an ultimate 

reduction to physics will miss the explanatory breadth scientists 

typically seek in evolutionary explanations. Methodologically, a scientist 

might often find physical explanations deepest and most convincing, but 

the ultimate structure of evolutionary theory is what is needed to 

explain evolutionary phenomena.   

   As we saw in section 1.7, our understanding of the structure of the 

evolutionary theory used by biology has improved much since Darwin’s 

Origin. In 1859, there was genuine disagreement about whether 

evolution was gradual or involved saltations, whether evolution was 

externally or internally directed, and whether it was regular or irregular 

(Bowler 2013, p. 257). In fact, we now know Darwin was wrong about 

many of the details of his own theory: extreme gradualism, the nature of 

heredity, the nature of divergence, and the tree of life (Mariscal et. al. In 

Preparation). Darwin was also not the first proponent of evolution. 

Jean-Baptiste Lamarck and his own grandfather, Erasmus Darwin both 

had evolutionary ideas (Lamarck 1914/1809, Darwin 1818/1794). The 

argument form of evolution given in section 5.4 is not only substrate 

neutral, it is even neutral to fundamental mechanisms. Logical 
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reductionism immediately makes sense of non-biological phenomena 

evolving, such as star systems, culture, and computer algorithms, more 

in the next chapter. Evolution would even apply to a Lamarckian system 

if we could find or create one. The appeal to underlying logic is why 

logical reductionism so easily accommodates evolutionary systems for 

which the entities evolving are mere information or cultural variants. 

Note unless these entities are causally connected somehow, the 

instantiation of evolution might prove faulty. The logical reductionist is 

promiscuous in applicability, but not to the extent of giving logic 

unearned causal or connective powers. The explanations provided by 

the a priori structure are not causal, but can be causal when given 

instantiating conditions (See Mariscal In Preparation). So logical 

reductionism requires some instantiation (which we could call physics) 

for full explanations, but not necessarily the physics of this world, any 

possible physics will do. 

5.7.7 ÐA priori accounts miss the mark 

Elliot Sober has argued the strong program in Artificial Life (a field that 

assumes the truth of the claim in this chapter) is too behavioristic– there 

is more to life than what goes on inside the skin of living things (1996). 

He worries thinkers might be too liberal with respect to what they 

declare to be ‘alive.’ We can adapt his argument to the view espoused in 
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this chapter. Logical reductionism relies on a representation of 

evolution. Even if the account given here were fully accepted, it remains 

possible we might miss essential features of biology. For the sake of 

argument, imagine all and only living things had widgets and 

doohickeys, but only the widgets are important. If our a priori 

representation includes the doohickey over the widget, then much of 

universal biology might be unjustified. 

I should point out this argument is a lot stronger with respect to the 

concept ‘life’ than it is for ‘evolution’ or ‘adaptive complexity.’ Given the 

diversity of definitions of life (see last chapter), a purely extrinsic 

description of life is bound to miss important, intrinsic features of life if 

there are any. When it comes to evolution, we have seen many examples 

of it at work and have a fairly clear understanding of how it works on 

biology on Earth. The extrapolation to a generalized form of evolution is 

less apparent, but if we truly have the causal factors figured out– as I’ve 

maintained in this chapter and many others have argued before me–

 then that is justified as well. Much of the next chapter will be spent 

further developing this position. 
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5.8 Ð CONCLUSION  

This chapter advocated for a view, logical reductionism with regard to evolution, 

as a narrowly cast alternative to the traditional debates between anti-reductionism and 

physical reductionism in biology. There were two primary arguments for this view: (1) 

the grounding of the Principle of Natural Selection (PNS) is not with fundamental 

physics but with the relationships of the objects it instantiates and (2) evolutionary 

effects are robust across physical implementations and can be successfully modeled 

even assuming entirely distinct laws of physics. These arguments have parallels 

throughout the discussion of this concept in the philosophy of science, most notably 

the multiple realizability argument. This is not the final word on this issue, but the 

hope is to have charitably treated each side so as to show that logical reductionism is at 

least a plausible view to hold about the nature of evolution. Moreover, I addressed 

possible responses from each opposing camp. 

Notice that this chapter does not argue all of biology can be reduced to logic, but 

rather that it is multiply grounded. In other words, biology is not a proper subset of 

physics. Since biology does not rely on the whole of physics, to some extent they are 

independent. Anti-reductionists can rejoice in that much, at least. Biological autonomy 

is maintained even if the strongest argument for anti-reductionism about biology is 

rejected.
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CHAPTER  6 Ð  

Spaces of Possibility for Evolutionary Biology  

 

6.1 Ð I NTRODUCTION  

To build an account of universal biology, it is important we separate the causal 

aspects of evolution from the contingencies of biology as seen on Earth. One way to do 

this is to abstract away from the actual facts as we see them. The method of abstracting 

away from details was advocated in the previous chapter, but it has been challenged 

numerous times as ignoring or misrepresenting facts (Cartwright 1983, Godfrey-Smith 

2009). No doubt one must use care to not confuse the models with the real world. We 

must be aware of unconsidered mechanisms that might come into play in all real cases. 

Still, we can make progress if we are able to give minimal conditions, which are 

nevertheless sufficient to produce recognizably evolutionary results. If chapter 4 is 

correct in saying that what biologists ought to care about is naturally arising adaptive 

complexity, then it is essential to explore evolution. This is especially relevant if 

chapter 5 is correct in arguing that the kinds of generality expected from evolution 

could differ from those produced by physics. 

This chapter, then, explores the nature of evolution as it could be, not merely as 

we find it on Earth. In section 6.2, I will defend the underlying intuition that evolution 

can vary quantitatively (not merely qualitatively). This might seem to recapitulate 

population genetics, but it will be immediately clear that my interest in the matter is 

extremely different from what has been done before. In section 6.3, I will define some 
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common terms in evolutionary biology by stripping away all reference to the 

particulars of biological evolution on Earth, as suggested in the previous chapter. In 

section 6.4, I will give a description of an early model for understanding evolution in 

possible systems and show preliminary results from this model, from Mariscal & Pelot 

(In Preparation). In section 6.5, I assess these results and show interesting ways in 

which they compare to our current understanding of evolution in biology. In section 

6.6, I address potential benefits and plausible criticisms to this account in the context 

of the dissertation. In section 6.7, I give concluding thoughts for the model and this 

conception of universal biology and evolution. Finally, in section 6.8, I give some 

closing commentary on the entire dissertation. 

 

6.2 Ð MEASURING THE D EGREES OF EVOLUTIONARY SYSTEMS 

In the previous chapter, I argued it was possible to render the bare bones of 

evolutionary theory in a logical form. This implied a fairly strong form of multiple 

realizability for evolutionary outcomes. Recall the argument form of evolution I 

presented in the last chapter: 

 
1. There is a system in an environment composed of parts, members, or aspects. 
2. Variations in the members, parts of the members, or aspects of the members 

enter this system or arise within it. 
3. These variations are retained across time in the system with some positive 

probability. 
4. These variations increase or decrease in frequency or extent within the 

system with respect to how well or poorly they are able to increase their 
representation across the system and how well they are retained across time. 
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5. The variations are causally responsible for their own increase or decrease in 
frequency. 

!  Over time, this system will tend to be more composed of variations which 
have done well rather than those which have done poorly. 

 

In this argument, two premises (1 and 5) seem to only exist to establish that this is 

a causally connected system. Of note is that there is a strong relationship between the 

argument’s other premises and simple the Darwinian criteria highlighted by Lewontin 

(1970). These premises (2, 3, 4) center on novel variation, historical continuity, and a 

measure of ability to increase or decrease in frequency. None of these conditions exist 

in binary form; each of these three conditions seems to come in a continuum. 

Elsewhere, I have argued that evolutionary systems can come in degrees (Mariscal 

& Conrad In Preparation). A short argument for this is: 

 
1. We know the conditions for evolution. 
2. In different systems or in different parts of biology, it is expected each of 

these conditions could vary. 
3. If the conditions that constitute evolution could vary, then in some sense 

evolution can also vary. 
!  Evolution can vary. 
 

I will not spend much time defending this argument, as I have done so elsewhere. 

An alternative to this argument would be to deny premise 3 and maintain the 

phenomenon of evolution is an emergent phenomenon. In this view, perhaps evolution 

springs whole when a certain threshold of variation or heredity is reached. I view this 

alternative as unpalatable if understood in a strong sense and uninteresting if 

understood in a weaker sense. The strong sense is the view that the conditions for 
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biological evolution came about for free (in the sense of Kauffman 1993). This route 

might seem intuitively appealing, but the complexity of even the first proposed 

protocells makes it unlikely that they arose for free. Most biologists now accept that 

some form of chemical evolution must have occurred before this point. This is the weak 

sense, in which an advocate can just claim that biological evolution needs to meet a 

threshold, but before that threshold is met, a form of chemical evolution must be 

occurring. If the arguments in the previous two chapters are correct, this is a 

distinction without a difference.1 Furthermore, there is independent reason to suppose 

premise 3 holds. We know from biology that natural selection can vary in strength and 

that response to selection can vary. We know populations can change over time and 

even speciate quickly or slowly (compare the hundreds of thousands of species of 

beetles to less than thousand species of turtles, for example). So it shouldn’t be 

surprising that evolution can vary. We’ll leave this discussion here, but it is picked up 

in Mariscal & Conrad (In Preparation). 

If evolution can vary according to various axes, it might be helpful to visualize this 

variation as a space of possible systems. So I hereby propose an ‘evolutionary system 

space’ to do just this. With a system space, we can see a natural consequence of such 

thinking. I envision this space as a general framework for the different kinds of 

evolutionary systems possible. Given major simplifying assumptions, aspects of it can 

                                                

1 In chapter 4, I argued biology was a form of adaptive complexity, but it was not of a different kind 
than the naturally arising adaptive complexity found elsewhere. In chapter 5, I argued evolution could 
be represented as a logical argument. Granting those two conclusions, even if biological and chemical 
evolutions are different instantiations of evolution, they are not so accidentally and are not different in 
underlying logical structure. 
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be modeled, although no general conditions for all possible evolutionary systems can 

ever be given. 

I present evolutionary system space as a three-dimensional space in which all 

evolutionary systems can be located. The inspiration for this space comes broadly from 

morphospaces developed decades ago by Raup and others (Raup 1965, Gould 1991, 

McGhee 2007) as well as Godfrey Smith 2009.  The three axes are simply 

generalizations of the Lewontin criteria (1970): historical continuity, variation, and 

differential success.2 See Figure 6.1 and the next section. 

 

 

Figure 6.1 Ð It is useful to consider the 
space of evolutionary possibility. One 
way to do so is in a three-dimensional 
visualizations such as this one. 

 

 

 

 

 

Several things must be noted before we can begin exploring the space. First, it is 

not complete. For one, it does not include all possible fitness differences. Differential 

fitness is not a single axis. Two different phenotypes can both be fit for different 
                                                

2 These modifications are introduced to account for arguments put forth by Bouchard (2004, 2008, 
2011) and Mariscal & Conrad In Preparation. It is intended that the criteria be substrate neutral and 
independent of conclusions reached through research on contingent factors of life here on Earth. 
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reasons in ways relevant to their evolutionary path, but this graph collapses 

distinctions between all possible fitness landscapes. Secondly, this representation does 

not distinguish between biotic and abiotic competition. One can imagine fitness 

differences correlated in complicated ways between members of a population. Thirdly, 

the space does not recognize mechanisms that allow for a trait’s fitness to change over 

time. Environments are constantly changing. In any realistic representation of 

evolutionary system space, an evolutionary system would be unable to remain in one 

location for long (as is the consequence from various distinct theoretical arguments 

Van Valen 1973, Kauffman 1993, Kauffman 2000, McShea & Brandon 2010). Lastly, 

in the real world, many evolutionary systems would be able to move through the space 

through evolutionary time. A variation could arise that would increase historical 

continuity, for instance, if biology began with RNA and evolved into DNA. As 

currently set up, that is not possible in this space. These, of course, are simplifying 

assumptions.3 Though this way of conceiving of evolution does not solve all of the 

problems of evolution is an issue, the space can still be useful for other means. 

In the following sections, we will explore this space and show interesting 

theoretical consequences of taking this view seriously. I’ll stress this account is 

substrate neutral. I’ll further reiterate, at no point have I provided or required a 

definition of ‘life.’ This space is designed to represent biological evolution, but if 

chemical evolution can be adequately formulated, it would also fit in a similar space. 

                                                

3 A full evolutionary system space would be multidimensional. Unfortunately, the printers are unable to 
print a hyper-dimensional cube, so we’ll have to work within this space. 
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6.3 Ð A TRULY UNIVERSAL  UNDERSTANDING OF EVOLUTION  

In the rest of this chapter, I will use some common terms in uncommon ways. This 

is unavoidable, as this is a more general way of thinking about evolution than what is 

common in the literature. Some of these ideas have been developed and put forth in 

Mariscal & Conrad (in preparation) and Mariscal & Pelot (in preparation). Let 

adaptedness be the fit of a collection of variants (usually in the form of an organism or 

lineage) to its environment. Let natural selection be the process that determines whether 

collections of variants die or fail to reproduce because of the good or bad interactions 

with the environment. Let evolution be a transition in state space of variants in a system 

over time (typically this will be equivalent to a change in the distributions of the 

variants in the system, but it might not be in cases of stabilizing selection or frequency-

dependent selection). In biological theory each of these terms means significantly more 

than the definition stated here, but the bare-bones definition will suffice for our 

purposes.4  

To that I will add some more definitions. The first is used in place of heredity to 

avoid the historical baggage associated with that term. Let us stipulate the term 

historical continuity as the correlation of a particular variant in a population at one time 

step with the same variation at a later time step.5 In other words, variance at a later 

                                                

4 For instance, some biologists are keen to discuss evolution as ‘change in gene frequencies.’ This is 
insufficient even in regular biology, but the argument is beyond the scope of this chapter. 

 
5 Since this is relativized to the variation, we will need some way to individuate what counts as ‘same.’ It 

is expected, after all, that these variants will be modified over evolutionary time. In biology in this 
universe, the best answer I’ve found has been a chain of material overlap between the variants 
(Griesemer 2000). In cultural evolution, mere information overlap might suffice. More must be done 
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time will be correlated in some way with variance at an earlier time. Let us range this 

axis from 0 to +1. A historical continuity of +1 produces a static, ordered, mostly 

unchanging system. A historical continuity of 0 is one in which variations are 

uncorrelated across time: this can be either a random system or random with respect to 

the variations represented. I will ignore the possibility of a negative historical 

continuity for a variety of reasons. First, it is not expected to exist, second, it only 

makes sense with very simple variants, and finally, even if it did make sense, it would 

likely produce a negative response to selection– evolution toward maladaptive 

complexity. One will note that the definition of historical continuity makes no 

reference to discrete generations. This is to account for insights by Bouchard and 

others.6 Because the focus is on variations (though not necessarily understood 

reductively), persistence, growth, lateral variation transfer, and sexual/asexual 

reproduction are all distinct strategies of affecting variation over time. 

The second definition is one of differential fitness, by which I mean that certain 

variants are more likely to cause survival, growth, and/or reproduction of the 

individuals holding those variants than other individuals who don’t. Fitness is a 

popular subject in philosophy of biology, so there is much said on the subject. For our 

purposes, this usage is silent on whether fitness is a probabilistic propensity to persist 

                                                

 

to specify this relation. In biology, this creates problems with respect to homology and inheritance. In 
philosophy, this is part of the broader issue of metaphysical persistence: how can one thing change 
and yet be the same (Gallois 2012). I leave these issues open. 

 
6 Bouchard prefers the term ‘memory’ to refer to the same phenomenon. 
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or reproduce, a primitive, or any other measure. I assume fitness attaches to traits and 

environments, but wish to stress that this is not to ignore insights by Brandon, 

Ramsey, and Pence (Brandon & Ramsey 2007, Pence & Ramsey 2013) who 

convincingly show trait fitness in biology is derivative of organismal fitness. Again, for 

the purposes of remaining substrate neutral, I minimally mean something that is 

expected to ‘do well’ in whatever system we are discussing. 

Variation is a final criterion to consider. In biology, variation arises in a way that is 

largely blind to the environment, primarily through mutation. In other systems, 

however, it is possible for variation to come about in a myriad of ways: it can be 

generated or chosen, as with computer models or cultural evolution.7 It is important to 

note that variation and historical continuity in this usage are intimately related. Variation 

is the amount of difference between the variations of a domain of interest within a 

population at one given time slice, a synchronic measure. Historical continuity is the 

correlation between variation at various time slices, a diachronic measure. In both 

cases, the variation can be relativized to the traits of interest or averaged out among all 

traits.8 

                                                

7 This is a controversial point and not essential to this thesis. My view is intended to represent evolution, 
broadly construed. The inheritance of acquired characteristics, for example, is not ruled out in the 
logic, though it might not play a major role in biology for reasons having to do with genetics. With 
culture, which I accept as evolutionary, conscious choice can go into generating variation. Intelligent 
intention may appear anti-Darwinian in that it is non-mechanistic, but Mesoudi et. al. (2006), Dennett 
& McKay (2006), and Pagel (2006) point out there is a continuum of ‘intentionality.’ Design is only a 
threat to Darwinian evolution if it is the product of a designer at the extreme of the continuum– one 
approaching an omniscient being. As long as the conscious designer does not know if the variation it 
generates will succeed, we can explain much of the overall phenomenon as evolutionary– not design. 

8 If evolution is truly happening at many levels and in many respects concurrently, as many have argued 
(Sober & Wilson 1998), it follows that these choices aren’t arbitrary. Goodnight 2013 points out it is 
merely our description of the process that is changing, not the process itself. Relative to the organism, 
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I also wish to introduce the term maximal variation. Since variation refers to the 

differences within a domain of interest, maximal variation will be when the possible 

ways a domain can vary are saturated. With respect to arthropod limbs, for instance, 

maximal variation would be if all organisms in a population had a different number of 

limbs with no repetitions. This is a theoretical extreme unlikely to be reached in the 

real world except in marginalized populations or occasionally with respect to some 

particular traits. 

The final, and important term to introduce is novelty, which comes from Mariscal 

& Conrad In Preparation. Novelty is simply any variation that has not yet been seen in 

previous times of the system in question. In biology, mutation is typically a great 

source of novelty, for instance.9 

  

                                                

 

the fate of any particular cell is merely development. But relative to the level of the cell, the process is 
one of evolution within the environment of the organism. 

 
9  For evolution to be open-ended in the sense of Bedau 1996, novelty is needed in addition to simple 

variation (See Mariscal & Conrad In Preparation for more on this). 
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Table 6.1 Ð A summary of the commonly used terms in biology compared to the substrate-
neutral understanding introduced in section 6.3. 

TERM  CLASSIC DEFINITION  
SUBSTRATE NEUTRAL 
DEFINITION  

Adaptedness 

Adaptedness is a measure of fit 
of an organism or taxon to its 
environment, independent of 
whether it was selected for that 
environment. 

Adaptedness is the fit of a variants 
(usually in the form of an entity, see 
section 6.6.4) to its environment. 

Natural 
selection 

the process that determines 
whether individuals die or fail 
to reproduce because of 
differences in fit to their 
environment 

The process that determines whether 
collections of variants die or fail to 
reproduce because of differences in 
fit to their environment 

Evolution  
Change in a population over 
time by drift, migration, 
mutation, or selection. 

A transition in state space of variants 
in a system over time (typically this 
will be equivalent to a change in the 
distributions of the variants in the 
system, but it might not be in cases of 
stabilizing selection or frequency-
dependent selection) (Brandon 
2014). 

Heredity  
Correlation of variation 
between parents & offspring. 

Replace with ‘Historical continuity,’ 
the correlation of a particular variant 
in a population at one time step with 
the same variation at a later time step. 
Can vary with respect to the window 
of time considered. 

Differential 
fitness 

A difference in the fit of an 
individual to its environment 
compared to other individuals 
in the population. 

The probability of certain variants to 
be more likely to cause survival, 
growth, and/or reproduction of the 
individuals holding those variants as 
compared to other individuals. 

Variation  

The amount of difference 
between individuals in a 
population at any given time. 
Variation is largely introduced 

The amount of difference between 
the variations of a domain of interest 
within a population at one given time 
slice. 



 

 179 

by mutation – a process largely 
blind to differential fitness. 

Novelty  
Usually used in contexts of 
morphological change. 

Any variation not seen previously in 
the system. 

Maximal 
variation  

None, though Wagner (2005, 
p. 291) also calls this point 
‘minimal robustness’ and 
asserts robustness and 
variation are anti-correlated. 

When the range of possible variations 
in the system is fully represented by 
the actual variants found in the 
system. 

 

6.4 Ð SEARCHING  THROUGH THE  EVOLUTIONARY SYSTEM SPACE 

Let us now consider some rough modeling performed by Mariscal & Pelot (In 

Preparation). In order to model evolutionary system space, we made several 

simplifying assumptions. We ran several runs of sets of 1000 ‘organisms’ that each had 

10 ‘traits.’ Instead of programing complex and detailed organisms, we took the bare 

minimum required by the theory thus far outlined. Thus, these ‘traits’ were simply 

numbers selected from 1-100 inclusive. ‘Organisms’ consisted of a string of ten of these 

numbers. In each run, trait 50 was arbitrarily selected to be the most ‘fit’ trait. 

We performed several runs to represent portions of evolutionary system space at 

ten percent increments in each of the three axes. In the segments of the paper related 

here, a variation value of 0 represented no variation whatsoever (all organisms began 

with each of their traits at value 50). A value of 1.0 was a normal distribution with a 

standard deviation of 25 (about 68 percent had values between 25 and 75). Each of the 

values between those extremes were Gaussian distributions of increasing variance. See 

figure 6.2: 
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Figure 6.2 Ð Histogram of trait values f or trait #1 for each value of V. 

 

Variations were determined to be the original seeding of the runs, to be modified by 

the other variables as the model went on. The final run (V=1) is intended to explore an 

extremely varied system close to maximal variation. Consider Fisher’s fundamental 

theorem of natural selection: “The rate of increase in fitness of any organism at any time is 
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Histogram of seeded trait values for V=0.8 and for trait #1
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equal to its genetic variance in fitness at that time” (1930, p. 35). Fisher argues some 

variants are expected by chance to be fitter than others. The more disparity there is in 

variance of fitness, the more likely it is fit variants will take over and multiply. This is 

diallowed in this model in two ways. This is a survival model in which reproduction is not 

possible, so no variants could take over. Secondly, we arbitrarily chose the fittest trait to 

be 50. If we’d chosen the fittest point to be 90, very few organisms would have done well if 

variation was less than 0.5 (depending on the strength of selection). Since we started each 

population with its mean at the optimum fitness, we essentially privileged stabilizing and 

purifying selection. Other runs related in the paper addressed this issue, but it is beyond 

the scope of this chapter. 

Differential fitness was represented as a random selection algorithm with values 

between 0.1 and 1.0 (S). 10 For each trait in each organism at each time point (these were 

discrete selection events intended to affect the entire population simultaneously), a random 

number is generated. If the random number for any trait is larger than the cutoff, the 

organism with that trait ‘dies.’ With larger values of S (closer to 1.0), the distribution of 

selection is wider and more varied organisms are able to survive. With lower values, only 

organisms near value 50 are able to survive. These are all standard distributions with the 

mean at 50 and the variance determined by the S value (0.1 means that the distribution 

only goes 10 percentage units above and below the mean). Perhaps a figure will help: 

                                                

10 A value of 0.0 returns undefined values as it requires dividing by 0. 
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So when S=1, a full 12-15% of all organisms survive, regardless of their trait 
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values, although those closer to 50 are significantly more likely to survive. If we were to 

increase S all the way to 50, 95% of all organisms would survive. Thus, a lower S is a 

higher effect of selection. I should point out that the way it is programmed; the selective 

environment is an unseen, abiotic force, which smites organisms whose traits venture 

beyond the values deemed ideal. In the real world, selection happens at every level among 

and between organisms. This would have made the model overly complicated, so it was 

eschewed in this work. Since biotic competition is ruled out, several candidate biological 

generalizations about biology (e.g. the Red Queen’s Hypothesis, predator/prey 

interactions, etc.) are ruled out from the start. 

The final variable is historical continuity (H), which is the likelihood of the faithful 

persistence of a trait in the system, indicating a correlation of traits across time time. H 

varied from 0 to 1 inclusive with 0 being each generation receiving all new traits and 1 

being a perfect rate of inheritance. In between, H is a direct percentage determined the 

probability of a particular trait being passed on. If a trait was not faithfully inherited, a 

new trait was instituted. In the first iteration, these traits were chosen completely at 

random from any possible value (1-100). In the second set of runs, these traits were 

chosen based on a product of the total variation in the system and the trait they were 

replacing. So with low variation the apple wouldn’t fall too far from the tree, so to speak. 

The combination of these three axes produced several plots. It is hard to represent a 3-

dimensional object, so I instead include several slices of each. 
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Figure 6.4 Ð In which new traits are chosen from a uniform random distribution  of 
possible trait values. As can be seen, most systems of this sort do not do well unless they 
begin at a region of high fitness and have traits that are highly heritable.  '
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Figure 6.5 Ð In which new traits are chosen from a truncated Gaussian distribution. So 
new traits were generated to be similar to the traits they replaced. As can be seen, the 
longest-lived regions were continuous with the shortest. The biggest difference between 
figures 6.4 & 6.5 was the importance of historical continuity and the instances of low 
historical continuity & low variation (boxes B3 & B4 in table 6.2). 
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a trait was not faithfully inherited (H happened to be above the cutoff), a completely 

random trait was selected. In the second iteration, if traits were not faithfully inherited, 

a new trait would take its place from a truncated Gaussian distribution. I will assess 

figures 6.4 and 6.5 in the next section. 

  

6.5 Ð L IMITS AND BOUNDARIES OF THE ESS 

The No Free Lunch theorem proves it is computationally impossible to give an 

account of all possible evolutionary systems (Wolpert & Macready 1995, 1997).11 

Nevertheless, there are things we can know about all plausible evolutionary systems. 

This model aims to get closer to that ideal. But I must reiterate these are dying 

populations (e.g. Doolittle 2014). None of these individuals are able to reproduce. And 

besides the immortal rock-like populations of V=0/H=1, none persist forever. An 

adequate account of open-ended evolution will include these facts and compensate for 

them.12 Rather than explore all of evolutionary system space, it would be easier to 

assess the nature and scope of evolutionary systems by considering each vertex, or 

extreme. I focus on these in this section. In table 6.2, I include the expected conditions 

of each vertex. I then discuss them in the text. 

 

                                                

11 It may be possible that the environment changes faster or more unpredictably than the objects it 
contains. In a non-differentiable fitness landscape, for instance, fitness at one moment is not at all 
correlated with fitness at another moment. All costs being equal, it is as good to be random as it is to 
have any strategy. 

 
12 This is foreseen in Bedau 1996 in the context of supple adaptations and Kauffman 1993 & 1995 in the 

context of evolution thriving at the edge of order (see (27) from section 2.7). Clarke 2013 makes this 
point as well. 
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Table 6.2 Ð With minor corrections for consistency (Using ÔSÕ instead of ÔDF,Õ for 
example), these predictions were written before the results of the model were obtained, 
how these vary from the actual results is telling about the limitations of prediction and the 
idealizations of the model. Please note that the S scale is reversed from the H & V scales. 
When S=1, selection is less intense. Also, as discussed in section 6.4, these numbers are not 
absolute, but rather a Gaussian distribution of possible values, leading to some predictions 
varying significantly from the resu lts. 

Box 
A1 

 
H=1 
V=1 
S=0 

With maximal diversity allowed 
within the domain of interest (V=1) 
and maximal difference in fitness 
across these variants (S=0), only some 
of these variants are expected to 
persist. Since H=1, organisms holding 
the lucky successful variants will 
remain at high fitness over time. The 
population is expected to go to 
fixation at a stable peak and not 
continue evolving without a source of 
novelty or a change in the 
environment. 

 
Box 
B1 

 
H=
0 

V=1 
S=0 

 

With maximal diversity allowed within the 
domain of interest (V=1) and maximal 
difference in fitness across these variants 
(S=0), only some of these variants are 
expected to persist. Unfortunately, since 
H=0, populations will not be able to remain 
at high fitness. Without lots of novelty, the 
population will go extinct fairly quickly. 

Box 
A2 

 
H=1 
V=1 
S=1 

With maximal diversity allowed 
within the domain of interest (V=1) 
and equal fitness across these variants 
(S=1), it is expected the population 
will only evolve by drift. Since H=1, 
the population is expected to not 
increase in complexity or diversity 
unless novelty (the domain of interest 
increases in possible states) or a 
changing environment are introduced. 

Box 
B2 

 
H=
0 

V=1 
S=1 

With maximal diversity allowed within the 
domain of interest (V=1) and equal fitness 
across these variants (S=1), it is expected the 
population will only evolve by drift. Since 
H=0, the population is expected to change 
rapidly from one time point to another. Since 
there are no fitness consequences, the 
population is expected to wildly explore new 
variants and increase in complexity and 
diversity.  
This is essentially a random number 
generator. 

Box 
A3 

 
H=1 
V=0 
S=0 

 

With V=0, the population is identical 
at any time point. Since H=1, the 
variations in the population will 
persist into the future. However, since 
S=0, unless this population begins at a 
fitness peak, it will go extinct in one 
generation. If it does happen to begin 
at the fitness optimum, it will remain 
there unless the environment changes. 

Box 
B3 

 
H=
0 

V=0 
S=0 

 

Cases with H=0 and V=0 are very strange. 
Essentially, we must consider a population of 
identical variants that completely change 
each instant. Only populations that 
asymptotically approach this end without 
reaching it could ever arise naturally. 
Nevertheless, an unnatural system can exist 
in this coordinate. This system, given S=0 is 
expected to go extinct fairly quickly. 

Box 
A4 

 

With V=0, the population is identical 
at any time point. Since H=1, the lack 
of variation in the population will 
persist into the future, precluding 

Box 
B4 

 

Cases with H=0 and V=0 are very strange. 
Essentially, we must consider a population of 
identical variants that completely change 
each instant. At this point, it’s strange to 
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H=1 
V=0 
S=1 

 

evolution by drift. The population is 
expected to not increase in complexity 
or diversity. As long as the constant 
rate of dying (S=1) is equaled or 
surpassed by new variants (though 
not novel variants), the population 
will persist in stasis.  

H=
0 

V=0 
S=1 

 

consider these a ‘persisting’ population over 
time. Only populations that asymptotically 
approach this end without reaching it could 
ever arise naturally. Nevertheless, an 
unnatural system can exist in this coordinate. 
As long as the constant rate of dying (S=1) is 
equaled or surpassed by new variants 
(though not novel variants), the population 
will ‘persist’ in this unnatural state. 

 

Table 6.2 lists the expectations leading into the modeling of evolutionary system 

space. I do not expect for any natural system to begin, end, or go through these points 

except in special circumstances. Nevertheless, it is informative to see where and how 

evolution breaks down as it approaches each vertex. To characterize these populations 

requires us to imagine very extreme, unnatural cases. It was expected going into the 

project evolution would break down in very interesting ways. Each of the following 

sections assesses the table in further detail. 

 
6.5.1 Ð High Historical Continuity 

Let us consider the axis of historical continuity. At the extreme of 

perfect historical continuity (A column), systems will tend to be 

unchanging.13 Since variants very faithfully pass themselves across 

evolution, they will tend to maintain or accentuate the features 

associated with other axes. In Box A1, the expectation was that a high 

historical continuity would prevent the population from moving away 

                                                

13 Unless selection is so strong as to drive the system extinct or variants continually enter the system 
externally (i.e. migration). 
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from a peak once it finds it. In the model, the system approached 

extinction, however, because each organism had multiple traits under 

the same selective pressure. So unless it had lucked out on all ten traits, 

it would eventually go extinct. A2 (high historical continuity, high 

variation, low selection) was an interesting case in that I predicted the 

population would remain fixed and only evolve through drift via 

increase in new variants. In our model, because differential fitness was 

never entirely absent, the organisms populating the corner represented 

by A2 went extinct quickly, though the populations continued for 

significantly longer in other runs when S>5 rather than S=1. The 

expectations for the two combinations of perfect heredity and minimal 

variation (A3 & A4) were also corroborated as the model showed 

incredibly unchanging organisms. For A3, the limitation of historical 

continuity either ensures the population remains at the fitness peak or 

guarantees it goes extinct. In fact, because our model began at a fitness 

peak, these were stable unchanging populations. A4 can be considered 

the Zero Cause Evolutionary System (see Barrett et. al. 2012 and 

Brandon & McShea 2012)– a completely static system, which barely 

seems evolutionary at all.14 

                                                

14 One will note the model is indifferent to whether we expect anything like the systems modeled to exist 
in the real world. It is interesting to consider what portions of the evolutionary system space are 
expected to be possible given macromolecules as implementers. In such a case, one might wonder 
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6.5.2 Ð Low Historical Continuity 

At the other extreme of minimal heredity (H=0 or column B), I expected 

the systems would tend to change wildly across generations. It might not 

make sense to call anything in this extreme evolutionary, as it is difficult 

to consider anything with such little continuity a continuous population. 

It is reasonable to ask how something can vary so wildly, especially if 

we insist on a mechanistic grounding. A plausible answer is that 

assessment of the strength of historical continuity is relative to the 

window of time chosen to represent it. For instance, the historical 

continuity of number of limbs in mammals is near 1 with respect to a 

single nanosecond of time. But if our window of time is a million years, 

the historical continuity is expected to decrease tremendously. Evolution 

is a broad, disparate phenomenon and evolving systems will only be 

seen as truly evolutionary if we make our temporal and spatial 

considerations wide enough to capture the causal factors at work and no 

wider. If your window is too narrow, then it will appear as if your 

system is not evolving, but this could be only relative to the timespan 

allowed.15 If we consider a timespan that is too wide, it will be strange to 

                                                

 

whether the Zero Cause Evolutionary System is a useful null model or whether a different null might 
be more useful (Brandon & McShea 2012). 

 
15 Thank you to Rafael Ventura and Meg Perry for this insight. 
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find continuous threads through which persistence of variation can be 

assured.  

Nevertheless, accepting the strange consequences, we see just how zero 

historical continuity breaks down evolutionary systems. Consider B1. 

Even though the amount of variation virtually guaranteed the 

population could survive a round of extreme natural selection (close to 

S=0), minimal historical continuity is expected to take the system away 

from any fitness peak. This was corroborated in the model in that such 

organisms perished fairly quickly. B2 has the opposite problem: as long 

as new variants enter more quickly than they are eliminated, systems at 

B2 will never go extinct. In the model, again because our time scale was 

wide, migration was disallowed, and because differential fitness was not 

zero (but still low), the organisms populating B2 died fairly quickly. 

Somewhere between A2 and B2 is the best-case scenario for the Zero 

Force Evolutionary Law (McShea & Brandon 2010). 

This brings us to the final two extremes. B3 and B4 are particularly 

strange: the combination of extreme diachronic variance with extreme 

immediate variance makes for very peculiar populations. These systems 

can only be considered evolutionary if– at every instant– we somehow 

could declare by fiat a set of various traits to be considered a population. 

Perhaps the least arbitrary example would be a list of Carlos’ favorite 

items: a shoe, the number 3, and the abstract feeling of nostalgia. I 
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expected the populations in B3, given the combination of low variation 

and high selection, would go extinct fairly quickly. In actuality, we saw 

a distinction between two different approaches to modeling historical 

continuity. When new traits were selected at random (Figure 6.4), the 

organisms in B3 went extinct fairly quickly. But when new traits 

resembled old traits (Figure 6.5, modeled to represent the way heredity 

would work in many systems), the organisms in B3 lasted far longer. 

Finally, B4 would allow drift given a low value of selection (S=1), but it 

was forestalled by the lack of variation (V=0) and the complete lack of 

historical continuity (H=0). Some unnatural process of exploring trait 

space occurs, but since it is uncorrelated with any early state, it is not 

drift. 

6.5.3 Ð Maximal Variation 

Now, let us briefly consider the axis of variation. When variation is 1 

(top half), the population begins close to maximal variation, a state in 

which all possible variants are represented with no repetitions. Such a 

system would rarely arise naturally, but it is possible for a system to pass 

through this point occasionally in its evolutionary history. When we 

force a system to begin and remain at that pole, interesting things 

happen. First, the population is bound to find ideal variants when they 

exist (in this model, A1 and B1 had the sharpest fitness peaks). Whether 

they remain there or deviate depends on the degree of historical 
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continuity. Second, when no fitness differences existed (best 

approximated by A2 & B2), the population was expected to drift unless 

there was a high historical continuity and no novelty (A2). This was not 

borne out in the model because the approach to fitness was Gaussian in 

nature.16 

6.5.4 Ð Minimal Variation 

When variation is minimal (bottom half), on the other hand, we begin 

with a population that is identical across a domain of interest. If we only 

focus on number of hearts, for instance, mammals tend to have 

extremely low variability. Systems are not expected to begin or pass 

through this point unless they have minimal population sizes or the trait 

of interest is not particularly well-represented. When we forcefully 

model a system that begins and remained at the extreme of 0 variation, 

evolution looks significantly weaker. Extreme luck or design, as in our 

case, was the only way they would find fitness peaks. Whether they 

remained on those peaks if they found them (A3) or go extinct (B3) 

would depend on the amount of historical continuity present (historical 

continuity is high in A3, low in B3). In systems with low variation and 

low differential fitness (A4 & B4), there is no possibility of responding 

                                                

16 The reason this was chosen had to do with the spaces between the extremes. It was necessary to 
model a non-arbitrary path between each of the vertices and a normal distribution of increasing 
variance was the most realistic way to do so. 
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to selection. In the model, these were the stable, rock-like populations. 

With extreme historical continuity (A4), the system will remain static 

and will only persist if new identical individuals are introduced at a rate 

equal or greater than the extent to which they are eliminated. These 

were the rock-like populations discussed earlier. With minimal historical 

continuity (B4), the system wildly jumps through completely distinct 

state spaces over time. In the model, these went extinct fairly quickly, 

but that was an artifact of the minimal (but non-zero) selection value. 

6.5.5 Ð Selection 

By now, some questions about differential fitness have surely been 

raised. I will begin by specifying that we are attributing differential 

fitness as applying to distinct possible phenotypes, not actual 

phenotypes.17 If it applied to actual phenotypes, zero variation would 

directly imply no differential fitness. Instead, we are assuming the axes 

are independent. So the differential fitness does not refer to the 

organisms themselves so much as to where they find themselves in the 

environment. Identical organisms could populate the fitness landscape 

rendered in this model with no contradiction. So differential fitness is a 

representation of the difference between the fitness of the best possible 

                                                

17 This is with respect to the traits allowed, which were presumed to be with respect to the same aspect 
and level of evolution. Evolution in the real world is more complex than anything modeled here (see 
section 6.6.4). 
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phenotype and the worst possible phenotype (given appropriate 

constraints and relativizing to the domain of interest). Whether any 

actual phenotypes fit this is an open question. When selection is 

minimal, the probability of dying is constant and natural selection is less 

severe (Rows 2 & 4, with caveats mentioned earlier about the non-zero 

selection pressure). In the model selection was fairly low, but it was still 

active. When differential fitness is extremely high (close to S=0), the 

probability of dying for each phenotype is either very high or very low 

(rows 1 & 3, respectively). See Brandon 2005 for more on this point, 

which he calls the Maximum Probability Distribution. In a normal 

system, when differential fitness is low, only drift is possible. However, 

drift requires variation, which is ruled out in A4 and B4. In those cells, 

the population either persists in stasis (A4) or jumps around state space 

perpetually without adapting (B4). B4 is likely the strangest example of 

how evolution could break down. It would be as if the system of Carlos’ 

favorite objects changed extremely rapidly with no favorite object 

resembling any prior favorite objects. 

 

6.6 Ð RESPONSES TO POSSIBLE OBJECTIONS TO ESS 

In this section, I will consider possible objections to this space, which will include 

concerns we’ve seen in other chapters of this dissertation. 
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6.6.1 Ð Why bother imagining non-actual evolutionary systems? 

One might ask why it is important to give an account of evolutionary 

systems we never expect to see. R.A. Fisher, J.B.S. Haldane, and 

Sewall Wright (among dozens of others) have given us adequate 

accounts of evolution as we see it. Even the most speculative 

astrobiologists don’t expect to see anything in the real world that would 

look like the vast majority of the evolutionary system space presented 

here, but this is irrelevant. The point is to isolate the conclusions we can 

make about biology solely from evolution. Consider the Maynard Smith 

& Dawkins’ suggestion, first mentioned in chapter 2: 

 (19) “Hereditary information is digital not analogue and it is transmitted, irreversibly, 
with exceedingly high fidelity (low mutation rate)” (Dawkins 1992, p. 26).  
 

   To truly understand his suggestion, it is important to know whether it 

follows from merely evolutionary principles or evolution and something 

else. But to do this, we must strip away inessential features of evolution. 

Even theoretical biologists assume more about evolution–such as 

mutation, chromosomal linkage, and other facts about biochemistry– 

than I do here, which is as far removed from the real world as is 

possible. Kim Sterelny and Paul Griffiths (1999) attack (19) by 

suggesting an analog system with an extremely good proofreading 

mechanism could successfully evolve. This response is interesting, but it 

comes at the cost of an infinite regress. If the proofreading system is 
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digital, then Dawkins is only partially wrong, but if it is also analog, 

then we must posit a second-order proofreading mechanism to explain 

why the first mechanism is so successful. That second-order 

proofreading mechanism could be digital or analog as well. But in order 

to get perfect copying from an analog system, we would need an infinite 

set of higher-order analog proofreading mechanisms. Ultimately, I 

believe both Dawkins and Sterelny & Griffiths ignore more basic 

problems with (19). Namely, it is not always a disadvantage to have 

poor inheritance. In extremely chaotic environments hinted at here, the 

kinds of variation introduced by unfaithful copying or highly plastic 

phenotypes could be beneficial (consider single-stranded RNA viruses). 

There is a continuum of environments of this sort, most of which might 

be uncommon. For the present, the mere possibility of environments in 

which the future is not like the past is enough to refute the strong 

version of Dawkins’ claim.18 

   This issue is not new and I am not unique in taking strategy of 

abstracting to the theory to see what follows merely from the underlying 

structure. R.A. Fisher, in his preface to his seminal book, discusses the 

differences in imagination between mathematicians and biologists. On 
                                                

18 Furthermore, it is not obvious that we should view life on Earth as digital. It could be digital at the 
level of a genotype, but it’s hard to consider phenotypes as anything but analog. Digital replication 
itself is not always lossless, either. Life on Earth would do terribly without the variation introduced by 
mutations. For these reasons, (19) needs revising if it is to be accepted as a consequence of universal 
biology. 
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the side of the biologists is their constant exposure to the sheer 

complexity and intricacy of the world, which leads them to doubt the 

truth of any general claim. On the side of the mathematicians, he 

remarks that abstraction can help better understand the concrete. “From 

a biologist, speaking of his own subject, it would suggest an 

extraordinarily wide outlook. No practical biologist interested in sexual 

reproduction would be led to work out the detailed consequences 

experienced by organisms having three or more sexes; yet what else 

should he do if he wishes to understand why the sexes are, in fact, 

always two?” (p. ix 1930)19 

6.6.2 Ð Everything is evolutionary if anything is 

   One horrific consequence of this view is that many seemingly non-

evolutionary systems fit into evolutionary system space. If this is true, 

then it seems that I have presented a reductio ad absurdum of my own 

view. I have not. The requirements for evolution are fairly minimal, but 

stringent. Any system in which the entities lie on any of the edges of 

evolutionary system space, for instance, will stretch the consideration of 

that system as evolutionary. That is fine. The edges of the space are 

barely evolutionary in any sense a biologist might care about. The 

                                                

19 This claim, sadly, is almost certainly false. Fungi, plants, and even some species of animals have three 
or more sexes (J. Parker 2004). I still believe abstraction can help, but it must be partnered with 
experimentation and practiced with care. 
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‘organisms’ at these edges tend to go out of existence fairly quickly or 

not at all. But other parts of the space can go on for longer. It remains to 

be explored, but I suspect only very strong evolutionary systems are 

could produce life as we know it. 

   Since I’ve focused on the margins of evolutionary system space, it is to 

be expected that these will be strange evolutionary systems. A 

population of rocks on a beach will count as a marginally evolutionary 

system (see Kingsbury 2008), somewhere near boxes A2 or A4, 

depending on the set up. While this may sound strange, the alternative 

should sound worse: evolution is not an emergent phenomenon. I am 

arguing for shades of gray and showing how these shades of gray will 

seem entirely expected given a correct theoretical understanding.  

6.6.3 Ð Mere filtering isnÕt continuous with evolution 

The existence of shades of gray should not detract from cases that don’t 

actually fall into this framing. This will be the case for spurious 

groupings or events not linked through time in a mechanistic manner. 

Consider the notion of “cosmic evolution” advocated by Eric Chaisson 

in several works (2001, 2003, 2010, forthcoming). Chaisson develops a 

metric, energy rate density (ERD), for comparing all objects in the 

universe. In comparing these, he finds the ERD of the universe has 

steadily increased from the Big Bang, to the Sun, to Earth, life, plants, 

animals, and finally to human culture. Problematic in his framing are 
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methodological/empirical questions about his framing (Vidal 2014), and 

metaphysical questions about how the disparate entities he plots count 

as entities in an evolutionary system. But most important with respect to 

evolutionary system space, his model lacks a consistent mechanistic 

notion of inheritance and variation. He merely links one phenomenon to 

another by temporal succession. As such, while many subsets of his data 

would count as minimally evolutionary (some form of stellar evolution, 

perhaps) and some might be actually evolutionary (as in the biological 

world), the whole system of ‘cosmic evolution’ would not be considered 

evolutionary at all in my framework. 

6.6.4 Ð Adaptive complexity is expected everywhere here20 

It might be argued that the major argument in this dissertation depends 

on two distinct bases: (1) an account of adaptive complexity can 

adequately capture universal features of biology and (2) adaptive 

complexity can be assessed independently of the underlying physical 

bases. It’s curious, then, that given the set up, anything in this space 

counts as adaptive. If there is minimal selection acting (S>1), any result 

is an adaptation to the not-very-discriminating environment. If there is 

plenty of selection (S=0.1), then the surviving entities will be said to 

have a higher adaptedness to their environment. But it’s strange that the 

                                                

20 Thank you to Dan McShea for this question. 
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results seem to produce an adaptive result no matter what. 

   There are several possible responses to this concern. Firstly, complexity 

is also required for adaptive complexity, and many locations in 

evolutionary system space rule out the possibility of complexity. 

Secondly, adaptedness should be distinguished from adaptations, which 

only follow with a response to selection (see Brandon 1990). In chapter 

4, I tie adaptive complexity to adaptations, which can only result with 

some degree of response to selection. If the environment doesn’t 

discriminate against any possible variants, then there is no selection and 

so there cannot be a response to selection. But there can still be 

evolution, as in the case of neutral drift. Lastly, I admitted in chapter 4 

that adaptive complexity was a matter of degree. If so, then this is truly 

not an objection, just an interesting consequence. Figures 6.4-6.5 show a 

continuous transition from uninteresting adaptative complexity to more 

interesting consequences. If life were an emergent property, we would 

expect a discontinuous area where life does not arise prior to the divide, 

but does afterward.  My view captures this continuity, but a life realist 

view would not. What we care about is a particular degree of adaptive 

complexity producible in some sections of evolutionary system space. 

6.6.5 Ð Some biological traits cannot be reduced21 

                                                

21 Thank you to Charles Pence for this question. 
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Consider a case where there are four ‘traits’ of interest: A, a, B, and b. 

Each organism can have two character states: either A or a and B or b. 

Now suppose that the only individuals that survive are those that have 

the combinations of AB or ab. Individuals with Ab or aB die instantly. 

In this case, it seems as if there is a phenomenon that can only be 

considered with respect to the combinations AB, Ab, aB, and ab, not 

merely the four individual traits outlined. Does this representation of 

evolutionary system space not fail to capture examples of this kind? 

This question might seem familiar to philosophers of biology: a very 

similar question was proposed in response to naive genic selectionism 

(Brandon & Nijhout 2006). The idea is that the traits of interest only 

arise at the level of the whole AB complex. It is impossible to attach 

fitness to any single allele, because in that case, it would be entirely 

environmentally contingent (B is only fit with A, not with a). This posed 

a problem to the most simplistic versions of genic selectionism, but could 

be dealt with by more complex views. My view, for example, is silent as 

to what counts as a variation. Evolutionary System Space is a 

representation of a particular slice of evolution, which I take to be a 

phenomenon that goes on at all levels and all time scales. It is possible to 

render a space that considers the AB complex, a space that includes only 

one trait and treats the rest as environmental noise, or a space that 

includes both options but treats both as simple traits. These are choices 
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to be made to represent evolution at any of the particular levels 

(Goodnight 2013). These choices do not imply a constructivism about 

evolution, merely pragmatic considerations when representing evolution. 

This model is not intended to deny evolution going on at higher or lower 

levels, spaces, and time scales, it means this change is simply not 

currently under consideration. This shows another limitation of this 

model: it treats evolution as a much simpler process than it is in the real 

world. 

6.6.6 Ð Ordering a valuable account of universality22 

In chapter 3, I questioned whether I’d produced a cheap universality in 

my approach. We can return to this question here. It could be the case 

that the only interesting evolutionary systems in the universe are found 

here on Earth. This is perfectly acceptable from my perspective. It is 

still an interesting contribution to the literature to show whether any 

features of biology are universal consequences of its initial setup. 

Furthermore, this chapter has shown how the story of evolution being 

universal is not as simple as has been implied. To justify a candidate 

biological generalization that references evolution, as I discussed in 

section 6.6.1, we cannot simply leave the claim unanalyzed, as some 

evolutionary systems will predict different outcomes than others. We are 

                                                

22 Thank you to Rich Campbell for this question. 
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in a more tenuous position with respect to biology in this universe, as we 

not only have to consider the space of evolutionary possibilities (i), but 

the range of biochemistry that can instantiate it (e). Luckily, it is 

expected by many astrobiologists that the biochemistry in this universe 

sufficiently limits the possible evolutionary systems. I view this issue as 

interesting, worth investigating and ultimately answerable in future 

work. 

6.6.7 Ð ESS is constructed Ð itÕs not real23 

We can come up with any number of criteria and construct a space 

around them. This concern was at the heart of Peter Godfrey-Smith’s 

critique of Lewontin before he developed his own equivalent account 

(2009, p. 17-40). In the previous chapter (section 5.7.8), I discussed 

Elliott Sober’s own concerns with artificial life correctly capturing the 

concept ‘life.’ After the discussions in this chapter, notably the argument 

given in section 6.2, it should be apparent that the concept of evolution 

is importantly different than life. I do believe evolutionary system space 

is real. In Mariscal & Conrad In Preparation, I give mathematical, 

empirical, and conceptual arguments for why evolution comes in 

degrees. If this is correct, the most plausible account for this is the one 

presented here. If anything, not accepting that the limits of ESS belong 

                                                

23 Thank you to Frédéric Bouchard for this question. 
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on a continuum with clear cases of evolution requires an argument for a 

‘threshold’ of evolution. The modeling presented here is suggestive that 

such an emergent threshold is not likely. 

 

6.7 Ð ALL ABOUT THE EVOLUTIONARY SYSTEM SPACE 

Discussions of evolution by natural selection typically assume evolution is a binary 

phenomenon: a system is either evolutionary or it is not. An evolutionary system can 

produce supple adaptations by natural selection over cumulative generations. A non-

evolutionary system will not change (much) over time. The view argued for in this 

chapter pushes for a much more continuous approach to this distinction. 

The purpose of this chapter was to explore how a science of adaptive complexity 

through evolution could count as universal biology. To do this, I constructed and 

briefly explored evolutionary system space– the space of evolutionary possibilities. I 

assumed that evolution could come in degrees. The position of evolution being a 

quantitative property has a strong history, but is ignored in many philosophical 

discussions of the conditions for evolution. I provided an argument first put forth in 

Mariscal & Conrad (In Preparation) to argue for the possibility of degrees of evolution 

independent of the existence of properties we typically associate with biology (such as 

replication and mutation). If the conditions of evolution can vary, perhaps it is helpful 

to consider the evolutionary process itself as varying. If we accept the argument that 
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diverse evolutionary systems can be represented using the same space,24 then what 

follows is thought to apply to all evolutionary systems regardless of how they are 

implemented (whether it be biochemistry, culture, or computer chips). 

The most original contribution of this chapter was an exploration of evolutionary 

system space. This exploration was accomplished by theoretical considerations and the 

results of modeling first performed by Mariscal & Pelot (In Preparation). The 

discussion in this chapter is not meant to be a complete exploration of this space, as we 

made many simplifying assumptions not thought to be representative of most 

evolutionary systems (especially not in biology). Evolutionary System Space and its 

modeling are merely the beginning of a larger research program intended to assess the 

robustness of evolutionary phenomena given distinct substrates. 

Finally, I focused on areas in which the space breaks down and definitions of 

evolution are stretched. These were extremely strange cases and should not be taken to 

be the norm of what I am putting forth. Instead, the fact that these strange cases do 

not exist in the real world ought to inform us about the relative contributions these 

axes have for the evolutionary systems and their location in Evolutionary System 

Space. The discussion in this chapter was cursory by the very nature of its scope. As 

this chapter is itself nested in a dissertation of universal scope, much of this will seem 

unexplored terrain. I urge the reader to view this as an invitation to a fruitful research 

program rather than as a drawback of this project. 

                                                

24 Much of this chapter also follows if I reject these assumptions and simply focus on biological 
evolution. I think this is overly narrow, given the argument in chapter 5 that the logic behind 
evolution is substrate neutral. But I can grant it for the sake of skepticism. 
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6.8 Ð CLOSING THOUGHTS REGARDING THE WHOLE D ISSERTAT ION  

This dissertation explored, proposed, and defended a conception of biology as a 

universal science.  

In the first chapter, I challenged literature, which cast doubt on the mere 

possibility of this project. I argued neither the possible lack of laws in biology, the 

relative contingency of evolution, nor the N!=!1 problem were insurmountable 

problems for universal biology. Against the lack of laws in biology, I pointed out that 

even if we accepted the conclusion, it still remained possible for universal 

generalizations to exist in biology, which should be of interest to philosophers and 

scientists. If nonbiological laws, starting conditions, and universally expected design 

problems are expected to apply to biology everywhere we see it in the universe, we 

should expect to see similar kinds of biological products and processes wherever, 

whenever, and however life evolves. Against the contingency of evolution, I related 

mathematical and conceptual challenges about the predictability of dynamic systems. I 

also challenged the overly narrow conception of ‘biology’ implied. Finally, I connected 

these various threads to the general skepticism borne from the fact that Earth holds a 

single lineage of life (the N = 1 Problem). I maintained the N = 1 Problem was an issue 

scientists were seeking to address. I also distinguished between a strong version of this 

problem– which seems impossible to defend– and the weaker version, which I 

accepted as a concern to keep in mind throughout. 

In the second chapter, I reviewed recent literature on universal biology, covering 

major contemporary thinkers who have written on the subject. I suggested ways in 
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which each view failed to capture what was particularly unique and interesting to 

biologists and philosophers of biology. Astrobiology, as a heterogenous set, was only 

willing to address the issue from a predominantly molecular biology, biochemical, and 

geochemical perspective, but I argued this was as yet unrefined and theoretically 

disunified. Richard Dawkins had proposed a model indistinguishable from philosophy 

of biology, assumed the truth of his views, and left the role of the empirical elaborated. 

Against Daniel Dennett’s account of forced moves and good tricks, I showed how hard it 

was to establish what counts as a forced move or good trick in any particular context. 

His version might still prove worth exploring, but only if one were able to substantially 

limit the range of discussion. Kim Sterelny & Paul Griffiths proposed two separate 

accounts which were individually lacking, but jointly fairly powerful. I argued they did 

not provide a good justification for why certain claims were expected to hold 

universally. If they were able to address the scope of biological mechanisms, their 

account could be seriously augmented. Finally, I discussed Stuart Kauffman who 

proposed an entirely different sort of account. His version was fascinating and fruitful, 

but regarded the interesting features of biology as a set of boolean connections possible 

between systems. I argued biologists would not find his account fruitful because it 

would miss many of the features other accounts were focused on addressing. 

In the third chapter, I proposed my own view, which defined universal biology as 

the study of evolutionary models whose justification does not assume contingent facts 

about Earth’s history (and so are expected to apply elsewhere in the universe). I 

defended it from the attacks I levied against other accounts in chapter 2 and argued it 

succeeded where prior views had failed. I also argued my account provides a 
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methodology for future research and incorporates an assessment for the robustness of 

biological generalizations. It is a direct inference from my account as to which aspects 

of biology can justifiably be thought to hold true for all biochemical beings in this 

universe. But it is also straightforward to apply my account to other potentially 

evolutionary systems, like culture or artificial life. The features of biology that rely on 

facts about natural necessity (e) will not directly translate across different realizers. 

But as this chapter has shown, it is also not immediately clear whether all evolutionary 

systems (i) are created equal. So it will also be necessary to specify the exact way other 

evolutionary systems, like culture and artificial life, realize the conditions of evolution 

(i), before any generalizations about them can be justified.  

In the fourth chapter, I argued that– given the lack of success at reaching a 

consensus in the past 500 years– it was implausible to expect a definition of life to 

come in the near future. Instead, I proposed we focus on the natural evolution of 

adaptive complexity. I argued that ‘adaptive complexity’ was less conceptually 

wrought and more useful than the term ‘life.’ As my account was written in terms of 

‘adaptive complexity,’ this chapter was essential to establish I was giving an account of 

universal biology rather than universal adaptive complexity.  

In the penultimate chapter, I proposed to treat the principles evolution as a sort of 

logical argument. This view was contrasted with anti-reductionism about evolution, 

which holds that the principle of natural selection is a law of biology, and physical 

reductionism about biology, which holds that the principle of natural selection can be 

reduced to underlying physics. I showed how the conclusions of evolution follow from 

certain conditions– interpreted as premises– regardless of the underlying substrate. So 
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evolution is not a sui generis property of biology, nor is it reducible to physics. Instead, 

biological evolution is a mere implementation of the more general process of evolution, 

which is understood as a logical form. A consequence of my view is that evolution is 

expected to have a different (potentially broader) generality than the laws of physics. 

This implies my account of universal biology can extend into other possible worlds.  

Finally, in this chapter, I gave a more detailed understanding of how to treat the 

evolution of adaptive complexity by giving a rigorous account of evolution and 

providing a graphical representation of it. This paid off the fourth chapter’s assertion 

that a universal biology could be constructed from an account of adaptive complexity 

and the previous chapter’s assessment of evolution as possibly producing the same 

results given alternate physics. The work reported here is merely the beginning of a 

larger research program, which I hope will elaborate and clarify the distinctions I 

made in chapter 3 between the justifications for different claims in universal biology. 

The whole of this dissertation is an exploration and defense of a novel view of 

biology.  Each chapter has explored distinct, interesting, and crucial elements of an 

account of universal biology. When this dissertation becomes publicly available in 

2016, a list of candidate biological generalizations will be available at 

universalbiology.org. I encourage readers in the dystopian future to join the endeavor 

there. It is my hope the account presented here can be useful for both philosophers and 

practicing scientists. Academics will continue to speculate about the possibility and 

nature of alternate biology; this proposal is merely intended to justify and hone those 

attempts. In sum, there are aspects of biology, which can justifiably be treated as 

universal and the path outlined in this text is a way to do so. 
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