Classic Text 34 - Philosophy of
Biology: Reductionism about
Biology

In Classic Text 30 we considered further prob-
lems of Darwinism, including adaptation, con-
straint, drift and function. In this study unit we
examine some of the theses that reductionists
endorse and antireductionists reject, distin-
guishing some that both parties endorse. Once
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especially with regard to the mind-body prob-

lem; however here we focus exclusively on reductionism as a philosophical position within biology.

have been discussing reductionism in various

Background

Descartes took the idea of automata very seriously, so much so, that when his beloved daughter
Francine died at the age of five of scarlet fever, Descartes is said to have commissioned an
animatronic effigy to be constructed in her likeness. He took “her” to sea but we can’t be sure on
which voyage; certainly, it can not have been his voyage to Sweeden shortly before his death since it
does not fit the timeline. In the retelling of this fable, for we do not know what else to call it, the
lifelikeness of the mechanical girl’s eyes are always remarked upon, and perhaps this was her
undoing. The sailors, suspicious as they were, regarded her as some instrument of dark magic,
responsible for the bad weather that had hampered their journey. And so, Descartes’ “daughter” was
thrown overboard. (Wood, 2002; Swiss Institute, 2013; Kang, 2017)

As a warmup exercise consider the non-trivial case of a melody. What is a melody but a series of
notes, either penned, printed or actually played in a certain order and each for specified period and
volume. This might be called the reductionist view of melody. What else could a melody be? On the
other hand, any musician or composer worth their salt will tell you that a melody is something
greater that the sum and order of its notes, that a melody has meaning and an internal logic
intended by the composer, that cannot be reduced to the notes alone. In a large scale work, such as
a symphony, a melody may be only one of many embedded in the larger context of a movement or
the entire work, in which there are explicit or implicit cross-references and allusions to other

1 While South Africa copyright law allows for the reproduction of individual chapters; we cannot, unfortunately,
make any further chapters of Rosenberg & Daniel McShea (2008) available on-line as this would constitute the
reproduction of a substantial proportion of the book. We therefore strongly recommend buying or borrowing
the book from your local or university library.
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melodies, either within the work or in the mind of the audience, especially folk tunes. Indeed, a
symphony is much more than a collection of notes — it is a cultural phenomenon. If anyone encoded
a symphony as a MIDI file, no one would listen to it, other than as call centre waiting “music”.

A version of the position we wish to occupy is known as holism, first coined by the statesman and
sometime philosopher Jan C. Smuts (1870 - 1950) in his 1926 book Holism and Evolution (available
here). Although the aphorism, “The whole is greater than the sum of its parts”, is typically attributed
to Aristotle, Smuts used the term holism, without assigning a consistent meaning, to refer to three
aspects of reality. Firstly, according to Smuts, every scientifically measurable thing possesses a nature
beyond its parts, including atoms, cells or an individual’s personality. Secondly, Smuts referred to
holism as the cause of evolution, which he believed is neither accidental nor transcendental.
Contrary to the Darwinian concepts of natural selection and genetic variation, Smuts regarded
evolution as the process of Nature correcting itself creatively and intentionally. Holism, in this sense,
describes the tendency of a whole system to respond to environmental stressors by which parts work
naturally together to bring about more advanced states. Thirdly, Smuts used holism to explain the
concrete (nontranscendent) nature of the universe in general. In his own words, holism is “the
ultimate synthetic, ordering, organizing, regulative activity in the universe which accounts for all the
structural groupings and syntheses in it”. (p. 317) According to Smuts, the holistic view of the
universe better explains its processes and evolution more effectively than the reductive view.
(Wikipedia: Holism)

While we do not agree with Smuts’ teleological view of cosmic evolution, we should consider the
historical context in which he was writing. Vitalism was still a viable proposition, and the Modern
Synthesis of Biology was yet to coalesce. Pavlovian Classical Conditioning, which Smuts so admired,
was the only experimental psychological game in town. Besides which, Smuts was in the company of
influential contemporaries like Vladimir Vernadsky (1863-1945) in the U.S.S.R (Vernadsky, 1926) and
Pierre Teilhard de Chardin (1881-1955) in France, who later described evolution as a process that
leads to increasing complexity, culminating in the unification of consciousness. (Teilhard de Chardin,
1955 & 1955; 1957) Controversially, both these latter authors expressed global or cosmic ideas about
evolution for very different reasons.

Today holism is more closely associated with Smuts’ first conception of the term without any
metaphysical commitment. According to one contemporary description by John Heil (2005),

holism [is] any view according to which properties of individual elements in a complex are taken
to be determined by relations they bear to other elements. Holism is less a doctrine than a class
of doctrines... In this [21st] centaury holism has been particularly associated with the biological
and social sciences, and with conceptions of mind and language. Biological holists... oppose
‘mechanists’, those who hold biological phenomena to be explicable ultimately in terms of their
inorganic constituents. (p. 397)

Finally in popular culture, the term holistic lifestyle has come to mean maintaining a balance in one’s
mental, physical, emotional, and spiritual being, which Smuts would certainly have endorsed. That is
where we leave the discussion of holism, for now. The authors couch their discussion exclusively in
terms of reductionism vs. antireductionism.
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Overview

Rosenberg & McShea (2008), hereafter simply “the authors”, point out that there is an important
asymmetry in the positions that antireductionists and reductionists occupy, and hence the
arguments that each side needs to mount. They note that reductionists argue for a “negative
existential” claim, i.e. that there are no irreducible biological properties, or that there are no
irreducible biological explanations. Like denying that there are any homeopathic remedies, such
denials can never be established by evidence alone — a search for every possible such remedy will
never be over, if only because there are always new evidence free remedies to evaluate. On the
other hand, antireductionists only need to demonstrate one positive case of an irreducible property
or explanation to make their case. Thus, even if the reductionist successfully refutes an alleged case
of irreducibility, another counter example can be found. Nevertheless, both reductionists and
antireductionists have tended to focus on the same sorts of examples within molecular biology. (p.
96)

According to the authors, the philosophical foundations of the dispute concern two concepts:
“supervenience” and “multiple realizability”, both of which we have already discussed in the context
of the mind-body problem, but which are also relevant in other areas of philosophy, including the
social sciences and other “special sciences”.

Reductionists hold that biological theories, generalizations and explanations, need to be grounded in
theories, generalizations and explanations of molecular biology, and ultimately in the physical
sciences, i.e. of chemistry and physics. Although reductionists accept that many, or most, biological
theories, generalizations and explanations may be well grounded in empirical evidence and do play
an important role in biological research, they believe that grounding them in the physical sciences
will “strengthen their evidential support, improve their accuracy and precision, and make them more
general and predictively more powerful”. (p. 96 - 97)

According to the authors, since the discovery of the molecular structure of the gene in 1953,
reductionists and antireductionists advanced different arguments in favour of their own positions.
Antireductionists have since argued for the autonomy of most of biology and parts of genetics from
molecular biology. Their arguments against reduction have turned on the role of natural selection at
every level of organization in the realm of biology. This role, they claim, isolates each level of
organization from reduction to the one immediately below it. Antireductionists point out that
molecular biology is still biology, not organic chemistry or physics, owing to the fact that natural
selection operates on the level of the former, but not the latter. Other antireductionists advance
arguments that rely on the notion of downward causation, i.e. the ability of higher level (biological)
properties to effect lower level molecular units that comprise them. If, as they argue, causation could
run downward, as in the case of organisms, then reduction of the biological to its constituent parts
would be impossible. (p. 97) See also George Ellis’ (2012) essay Recognising Top-Down Causation
available here and the box on the following page.
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Upward vs. Downward Causation

Upward causation is the way we have been taught to think about the micro vs. macro world. Macro-
scopical physical properties such as hardness, melting point, conductivity and so on can be explained
by the collective action of molecules and atoms at the sub-microscopic level. The myriad forces, mo-
mentum, charges etc. on and between these atoms and molecules collectively exert effects from the
micro to the macroscopic level that account for the observable properties on the macroscopic level.
Similarly, information is thought always to flow from the microscopic to the macroscopic. E.g. infor-
mation is believed always to flow from DNA to proteins to cells to tissues to the whole organism and
ultimately the ecosystem. Downward causation is the movement of information and/or causes from
the macro to the micro level. Downward causation cannot be accounted for on the upward paradigm;
however some biologists and neuropsychologists believe that both forms of causality work in tandem.

Think of the last time you thought about your grandmother. According to the upward paradigm, there
was a train of neural firing caused by changes in electrical membrane potential of hundreds or even
thousands of neurons as part of several neural circuits that caused you to think of granny. Or perhaps,
as per the grandmother cell hypothesis, also known as the “Jennifer Aniston neuron” hypothesis (see
below) , there is a unique neuron that represents the complex, but specific object of grandma (or Jen-
nifer Aniston). But now suppose that your thought of granny occasions another thought so that you
decide to send her flowers for Mother's Day. Is this a case of downward causation so that your
thought causes a cascade of neural events that issue in your motor action to pick up the phone, dial
the florist and give specific verbal instructions for the delivery of flowers to her home on her special
day? Presumably these events involve the movement of trillions of molecules and the firing of thou-
sands of neurons. But could the power of a thought alone effect so many coordinated physical
changes in the local universe? On the upward paradigm, this sounds like a case of “magical thinking”
when it ought to be utterly unmysterious. Clearly, we must think more deeply about the nature of
downward causation. (See Classic Text 27)

UCLA neurosurgeon Itzhak Fried showed set of photographs to conscious patients, with their consent,
while he operated on them to control their seizures. When he flashed up a picture of Jennifer Aniston
he noticed that a particular neuron would fire, but not when he showed them a picture of Julia Rob-
erts or other non-famous people, animals or places. Fried discovered the same response in a number
of people. Curiously, it seems that there is a particular neuron devoted to images of Jennifer Aniston;
but this makes no biological sense. Natural selection could not have evolved a unique Jennifer Anis-
ton sensing neuron in the human brain in the span of less than one generation. Subsequently, Fried
reported similar findings for other neurons that have been found to fire only in response to Julia Rob-
erts, Halle Berry, or Kobe Bryant.

Robert Krulwich has proposed a plausible and fairly mundane explanation for the apparent existence
of celebrity neurons; however testing his ideas will be challenging because there is a shortage of con-
senting patients undergoing brain surgery who don’t mind being unnecessarily probed during their
operation. Probably, as with all celebrity memes, the truth will take a backseat to what people would
rather believe. (Krulwich, 2012)
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Reductionism, eliminativism, and physicalism

Reductionism and antireductionism are just two views among biologists, philosophers and other
scientists about what should be the appropriate research program for biology. Sometimes
reductionism and antireductionism misunderstand what is in dispute; however according to the
authors, even when the misunderstandings are dispelled, a number of important issues for biology
remain.

Antireductionists believe that, at least some theories, laws and explanations in biology need no
additional support or grounding. For antireductionists, the physical sciences cannot provide either
evidential or explanatory grounds for biological facts, and that biological explanations, and the
theories and laws they employ, are adequate to their explanatory task. Note that both reductionism
and antireductionism are “epistemic”, in that they make claims about the relationship between
biological and physical knowledge, both in the present, and in the future. (p. 97)

Reductionism needs to be distinguished from eliminative materialism or just eliminativism for short.
We introduced the term in Classic Text 19 with regard to the mind-body problem, but the attitude or
belief is far more general. Eliminativism with regard to biology is the thesis that biological theories,
generalizations and explanations should be eliminated in favour of physical theories, laws and
explanations because biological ones are simply wrong, false, imprecise, exception ridden,
unsupported by evidence or have little or no predictive power. Unlike the reductionist, the
eliminativist denies that biological theories, laws or explanations can have any role to play in a fully
developed science. Indeed eliminativists view them as mistakes or impediments to science proper,
and that, like bad habits, ought to be given up immediately. Reductionists, by contrast, view
biological sciences as indispensable in identifying what needs to be explained, at least provisionally.
Furthermore they believe that such explanations require refinement or improvement by grounding
them in more basic or fundamental science. (p. 97 - 98)

According to the authors, the distinction between eliminativism and reductionism is important for
two reasons: Firstly, some antireductionists mistake reductionism for eliminativism, or at least
conflate them; hence they mistakenly believe that by refuting eliminativism they can refute
reductionism. Other antireductionists believe that reductionism must inevitably collapse into
eliminativism.

One way to illustrate the difference between eliminativism and reduction, including the perceived
difference for biology, is to consider the methodology or research program that each endorses.
Reductionists advocate an opportunistic methodology that initially includes both “top-down” and
“bottom-up” research, just so long that they are explained by molecular biology, and ultimately by
chemistry and physics. Reductionists are happy to accept that, sometimes, discoveries in organic
chemistry may lead to explanations of important biological phenomena; however they reject the
view of antireductionists that sometimes top-down and bottom-up research cannot be reconciled.
Antireductionists however hold that some, if not many, important biological findings, theories and
explanations cannot be reconciled with chemistry and physics by further top-down research.

Eliminativism, on the other hand, requires that we give up, or get over, doing top-down research, and
engage exclusively in bottom-up research, beginning at the level of physical and chemical
descriptions. In other words the eliminativist wants to eliminate biology in favour of chemistry and
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physics. Obviously, this is a nonstarter as a research strategy, which is why the authors are at pains a)
not to confuse reductionism with eliminativism, and b) why demonstrating that reductionism
collapses into eliminativism would be a serious threat to reductionism. (p. 98)

We ought also to be careful to distinguish epistemic from metaphysical claims. Reductionism is an
epistemic thesis, i.e. about explanatory knowledge. Physicalism, on the other hand, is a thesis about
reality, as opposed to our knowledge about it. According to physicalism, facts about the world are
physical facts that determine or constitute all other facts. A fact, recall, is simply a true statement;
and according to physicalism, physical facts “fix” all the other facts, whether they be about events,
processes, states, trends, laws, entities, systems, and objects that occur within the Universe. (p. 98 -
99)

By way of illustration, physicalists suppose that if there were two distinct worlds in which all of the
physical facts were the same, then so too would all the biological facts be the same. But the reverse
need not be true. Indeed the divergent nature of evolution would lead us to expect that even in two
physically identical worlds, two quite different physical processes might underly the same biological
phenomenon. Indeed, on our one world with its one set of physical laws and facts, biological
homologies are quite common, as when two different physical structures serve the same function.
Compare the panda’s “thumb”, which is actually a wrist bone, with the primate first metatarsal, both
of which serve as opposable thumbs for manipulating objects and grasping.

According to the authors, almost all parties to disputes about reductionism are committed to
physicalism. When once biology admitted non-physical, immaterial forces and entities such as vital
essences, free-floating purposes or “entelechies” or animal magnetism, there is now no place for the
non-physical in nature.

However, there are problems in articulating physicalism that should concern not just physicists but
biologists who embrace physicalism too. Physics describes only the basic kinds of things, properties
and relationships that figure in the physical world and out of which everything is composed. But
physics is incomplete and subject to revision. Quantum Theory, for example, is not only incomplete
but the subject of intense interpretive debate. So, there is no correct finalised list of the of the basic
furniture of the universe, including its properties, that can currently be given. Physicalism therefore
includes a certain amount of vagueness that enables one to endorse it without much constraint on
what theories within other disciplines appeal to it.

It is a dream that one day physics will accommodate vital forces, if they exist, to explain physical
phenomena, so that perhaps some biologists might still appeal to vital forces in biology, while still
claiming to be a physicalist. If, on the other hand, we restrict physicalism to the entities and
properties that physics now allows, then many physicists themselves would not subscribe to
physicalism. Most philosophers have sidestepped this problem by defining physicalism as the claim
that the basic facts are of “roughly the same sort” that chemistry and physics currently allow. These
include everything from subatomic particles to macromolecules and beyond that we can observe,
that have properties “like” size, shape, mass, velocity, charge etc. The authors refer to the words in
guotes as weasel words that permit physicalism some degree of unavoidable vagueness. Note that it

2 Talk about what facts or events there might be “outside” the Universe makes no sense because there is
nowhere and no-when outside of space-time or prior to itself.
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is not the subject physics that is vague but the philosophical doctrine of physicalism which is
necessarily vague. (p. 99)

Physicalism is also beset by what the “fixing” or determining of biological facts by physical facts
actually means. Do physical facts fix biological facts by comprising of them? E.g. are biological
entities just combinations of physical entities in the way that molecules and their properties are
comprised of atoms? Or perhaps physical facts fix biological facts in a weaker sense by causing them
to obtain without comprising of them. In this sense, biological facts would be distinct from physical
facts or any combination of them. (p. 99 - 100)

Reductionists argue that physics is more basic than biology because physical facts fix all facts,
including those that are also biological facts. This also explains why biology is more difficult and
messy than physics. Biological facts are the result of the interaction of a very large number of
physical entities, properties and relations. But we shouldn’t confuse the adjectives “hard” vs. “soft”
with “difficult” vs. “easy”. Physics is a so called “hard science” in the sense that we can identify,
describe and replicate facts or finding with high degree of precision. The so called “soft sciences” are
no less easy, because we can be much less certain or precise about their facts or findings, even
though physical facts fix the biological, sociological or economic ones.

According to the authors, antireductionists however reject this inference, even while endorsing
physicalism. Some would do so because, for them, the version of physicalism they endorse denies
that biological facts are just comprised of physical facts, even while accepting that physical facts are
what fix them. (p. 100)

Arguments for reductionism

If the metaphysical thesis of physicalism is true, then to some it may justify confidence in
reductionism as a research strategy in biology. The reasoning goes: if the physical facts fix all the
facts, then unless there is some limit to our ability to know about all these fact, then the reduction of
biology to physical science should be possible, at least in principle. Because biology is more complex
than physics, the reductionist must admit that the reduction will not be easy. Indeed some
reductionists may grant that the difficulty of the task may beyond the cognitive and computational
capacity of the human brain, in which case the in principle reduction will be practically unattainable
by us, although presumably, Laplace’s Demon would have no difficulty. Note that there are two
different issues here: the metaphysical thesis of physicalism, which may be true or false, and the
epistemic doubt about whether a reduction is practically possible. According to the authors,
epistemic antireductionism would be perfectly compatible with physicalism, although they are
different claims. Some biological antireductionists would be satisfied with such a weak version of the
claim, but most would not. (p. 100)

For one, the weaker claim suggests that the science of biology is just an “instrument” for navigating
the physical world as a result of our intellectual feebleness. Creatures with vastly superior intellect
would have no need of it. Alternatively, our own computational and cognitive capacities may one day
be so enhanced by intellectual prostheses such as ultrafast or even implantable super-computers,
gene sequencers, microarrays, etc. so that the historically irreducibility of the biological to the
molecular and thence to the physical will seem like a quaint concern. On the other hand, some
antireductionists would be unimpressed by such future technology. We already have ultrarapid
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classical computation running close to the theoretical limit, as well as the ability to extract large
molecular databases, and yet we have only just a superficial understanding of biological complexity,
and almost none of the promised cures for genetic diseases. (p. 100 - 101)

Notwithstanding, most antireductionists would not confirm or abandon their belief on the basis of
the success or failure of molecular biology. They would want a version of their thesis in which the
practical epistemic doubt is irrelevant. But, according to the authors, if physicalism is correct, and
antireductionists do have to endorse it, there may be few or no obstacles to reduction that not even
epistemic agents of unlimited power could overcome.

Scientists however, are generally not swayed by philosophical argumentation. Those that are of a
reductionist bent will point out that reductionism, as a research strategy, has been vindicated by the
course of scientific development since the seventeenth century. The history of science since then is
one of a series of successful reductions. Consider: Kepler’s identification of the roughly elliptical
orbits of planets around the Sun, followed by Galileo’s identification of the roughly constant
acceleration of bodies close to the Earth. Newton, in turn, succeeded in reducing both of their
discoveries to a single set of laws of motion. In doing so Newton was able to increase the precision of
prediction of their motion, including and subsuming the motion of terrestrial bodies, such as
cannonballs, as special cases of a single phenomenon. In the 20th century, Newtonian mechanics, in
turn, was shown by Einstein to be only a limiting case of objects far from the speed of light. Einstein’s
theories of gravity have been confirmed to a very high degree and have not been reduced further;
although there has been much speculation about quantum gravity. (p. 101)

The authors perform a similar exercise illustrating reductions in other areas of science from the
theory of gasses, thermodynamics, chemistry, evolutionary theory, genetics and biology in general.
(p. 101 - 105) The informed reader will be familiar with the history and development of these
reductions as they now form part of the matric syllabi for physical science, chemistry and biology.

Antireductionist arguments from molecular biology

Some antireductionists, surprisingly, have argued that since Watson & Crick’s discovery of the basis
heredity, their work and others has begun the process of vindicating antireductionism. For what has
been shown is that the concept of the gene features in Mendelian genetics, population biology and
evolution in general and cannot be systematically connected with what molecular biologists call a
“gene”. This means that Mendelian or evolutionary genetics cannot be simply derived from
molecular genetics. In fact, these disciplines use the same word “gene” to pick out different entities
that cannot be defined one in terms of the other. So, either eliminativism is wrong about the concept
of the gene in molecular biology, or antireductionism, including the gene of non-molecular genetics,
along with any theory on which it figures, must be independent of molecular biology. Moreover, the
concept of gene that figures in molecular biology makes it impossible to derive nonmolecular
genetics; hence they believe, reductionism is refuted either way. (p. 105 - 106)

However, once this argument is unpacked, as the authors do, we shall see that it is far from
straightforward. Reducing nonmolecular genetics to molecular biology requires that we find a
common molecular way of picking out the same genes that nonmolecular biologists pick out in terms
of their selected effects, namely their functions. Much of morphology is concerned with
understanding structure in terms of function. The next step is to identify the DNA sequence that
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codes for the entity that performs the selected effect. Roughly speaking, the function of a gene is to
code for a phenotype, but what counts as a phenotype will differ according to its range of
applications in biology, from the structure of the haemoglobin molecule to eye colour. These
however are very far downstream from the actual proximate products of DNA, therefore the authors
simplify the definition of phenotype as the molecular products, i.e. proteins that have a
developmental, physiological or a structural role. The task then is to identify and locate that stretch
of DNA that comprises of a type of gene, be it “the haemoglobin gene” or more specifically, the
“alpha-haemoglobin gene” or, in the case of foetuses or neonates, the “foetal alpha-haemoglobin
gene”. (p. 106)

The first hurdle for this pro- second base in codon
ject of identification is the T C A G
redundancy of the genetic

code. Genes code for pro- LN T
' P TIC Phe TCC Ser c
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can encode for the same colour. Note, there are also an instructions to start and stop.

amino acid, many different

nucleic acid sequences can code for exactly the same protein structure. Since different amino acid
sequences can perform the same physiological function, these different sequences must be counted
as the same type of protein. And since a gene is what encodes for a given protein, there is a large
number of different nucleic acid sequences that can instantiate or realise the same gene. On the
other hand, if some trait like eye colour, that nonmolecular biologists count as a phenotype, then the
number of nucleic acid sequences, any one of which would count as “the” gene, the number will be
even greater. According to the authors, defining even a very specific gene, such as “the” foetal alpha-
haemoglobin gene in terms of molecular structure is beyond our unaided computational powers. (p.
106)

The problem facing the reduction of the gene is even more challenging. There are broadly two types
of genes: regulatory and structural. Regulatory genes produce proteins (a.k.a. transcription factors)
that control the rate of transcription of genetic information from DNA to mRNA, by binding to a
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specific DNA sequence. Structural genes, on the other hand, code for proteins that build and operate
the body’s cells, such as haemoglobin, myoglobin or albumin. Besides regulatory and structural
genes, there are yet others that do not code for proteins at all, but for various kinds of RNA, e.g.
transfer (tRNA), ribosomal (rRNA) and microRNA (miRNA) — all essential to gene function. However, if
regulatory proteins and various RNA’s are necessary for the synthesis of a structural gene, then the
DNA sequences that code for the regulatory proteins and various RNA’s must also be counted as part
for the structural gene itself.

However, there is a contrary argument that it is reasonable to exclude any gene for a protein that
plays the same role in the production of more than one protein, even though it is causally required
for the synthesis of that protein. If a given regulatory sequence, or a sequence that codes for a
transcription factor need in the synthesis of proteins in general, then it might be reasonable not to
count the sequence as part of a specific gene. But according to the authors, there is a slippery slope
here. Consider sequences that were selected for the role they play in the synthesis of just a couple of
proteins. We could count such sequences as parts of just two genes, but what about sequences that
contribute to six or twelve protein-synthetic pathways? The authors’ point is that the individuation of
genes, i.e. the division into genes made by delineating nucleotide sequences, does not line up with
the divisions natural selection makes when it individuates genes according to their functions in
protein synthesis.

There are other problems for the attempt to line up nucleic acid sequences with evolutionarily
selected genes. Firstly, there is the problem of individuating genes raised by the discovery of introns
vs. exons. An intron refers to a relatively long, non-coding sequence of DNA or RNA, while an exon
refers to a coding sequence of DNA or RNA. Introns are removed via RNA splicing (the cutting out
and rearranging of sections of mMRNA), while the exons that remain are joined together to form
coding sequences that will produce proteins. (Study.com: Introns & Exons) The resulting mRNA is
then sent to ribosomes where they produce the relevant protein. Although the idea that the
molecular gene need not be a single sequence of nucleotides but one separated by other unrelated
sequences, the existence of introns and exons is not an entirely new problem for counting genes. (p.
107)

And then there are further complications in the causal chain from DNA to protein that make it even
harder to line up a specific nucleotide sequence with a particular gene. Besides the self-splicing role
of mRNA, there is the post-transcriptional modification of mRNA prior to translation into a protein.
These involve other molecular genes that produce the molecular machinery for the post-
transcriptional modification of mRNA. These are genes for enzymes that catalyse the modification of
mRNAs, which are therefore necessary for the production of the ultimate protein, even though they
are not part of the nucleic acid sequence selected that does code for a specific protein. On the other
hand, there is post-translational modification of inactive proteins into an active form or miRNA-
mediated gene silencing by repressing translation and/or by promoting mRNA degradation. Again,
according to the authors, the nucleic acid machinery necessary for this modification cannot be
counted as part of the gene for the active enzyme, even though it is imperative for the production of
the protein that individuates a specific gene.

Another problem for individuating genes molecularly came with the discovery of start codons (ATG)
also codding for methionine (Met) in eukaryotes and three stop codons (TGA, TAG, and TAA) in DNA
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that signal the termination of the translation process of the current protein. The existence of these
codons have made it overly simple to count genes molecularly: start anywhere a start codon is
encountered and stop counting at the next stop codon, i.e. the span of DNA sequence between, but
not including, a start and stop codon, otherwise known as an reading frame. But there might be
more than one “open?®” reading frames for any given nucleotide sequence, and longest sequence is
often counted as a gene, but this may not always be the case. (p. 108)

Next the authors consider what the existence of so called “Junk DNA” implies for their argument.
Because research in this field has moved at such a pace, we refer the reader to Pilip Ball (2024). The
percentage of human DNA that actually codes for proteins is 1 to 2%, even less than the previous
estimate. Historically, this other 98% has been referred to Junk DNA because it was assumed not to
have any function. However, Nature seldom produces “junk” both because junk is energetically
expensive and tends to be selected against and weeded out by natural selection. Vestigial or
redundant structures, to the extent that the are preserved are usually a cases of embryological
necessity.

As reported in a series of papers in 2012 in the journal Nature: at one time or another, at least 75%
of the genome is transcribed into RNA. Only 1 to 2% of this RNA encodes for proteins. The remaining
noncoding RNA (ncRNA) engages with other molecules to conduct some biochemical task. By 2020
there were 37 600 noncoding genes identified, i.e. stretches of DNA with instructions for making
DNA that do not code for proteins. Estimates vary but that is almost twice as many as there are
genes for making proteins. ncRNA appears to be involved in a host of regulatory functions, not just
turning gens on or off, but also finetuning their activity. According to Ball:

... although some genes hold the blueprint for proteins, ncRNA can control the activity of
those genes and thus ultimately determine whether their proteins are made. This is a far cry
from the basic narrative of biology that has held sway since the discovery of the DNA double
helix some 70 years ago, which was all about DNA leading to proteins. “It appears that we
may have fundamentally misunderstood the nature of genetic programming,” wrote
molecular biologists Kevin Morris of Queensland University of Technology and John Mattick
of the University of New South Wales in Australia in a 2014 article. (Ball, 2024 p. 43)

So it seems we will have to set aside that part of Rosenberg and McShea’s argument concerning
“Junk DNA”. The overwhelming proportion is not junk and we do not yet understand the function of
the remanning fraction, if any. However the problem of individuation of genes remains, and now we
must include genes for stretches of ncRNA that perform regulatory functions. And what has been
called alternative splicing, i.e. producing two or more different products form the same nucleotide
sequence must apply to non-protein regulatory molecules also. But this does not change their
premise, if anything it reinforces it. The individuation of genes by drawing dividing lines between
nucleotide sequences will just not line up with the divisions that natural selection makes when it
individuates genes by their functions in protein synthesis, and now we must add ncRNA. This means
that theories, generalisations, and explanations of nonmolecular biology cannot be reduced to or
derived from molecular biology, even in the most favourable case of genetics. The alternatives are
eliminativism, which is untenable even if it is the correct position, or the autonomy of biology from

3 By “open” is meant that the ribosome will be able to keep on reading the RNA code and add another amino
acid one after another.
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more basic science. As the authors observe, “antireductionism appears to be vindicated in the very
region of biology where top-down research has come closest to meeting bottom-up research”.

But antireductionism is not simply a philosophical belief, because it rests on the biological basis of
the theory of natural selection. All biological structures from molecular machinery to genes to cells,
tissues, organs and beyond are selected for their effects on survival and reproduction. But Nature is
“blind” to differences in structure when it makes no difference to the effects selecting for it;
therefore the “design problems” that Nature sets are sufficiently general that there is almost always
more than one solution available, even at the molecular level. (p. 109)

According to the authors, the diversity of structures corresponding to the same function is what
largely makes impossible the derivation of less basic from more basic in biology on which it is
supposed to rest. Since the vocabulary of biology is mostly functional, and because functions are
those effects that Nature selects for, there will always be a range of underlying structures for
functional types that biological theories, generalizations and explanations provides. The impossibility
of deriving such biological theories, generalizations and explanations from theories about such
diversity of function is an outcome, for one, of the a huge number of possible structures to take into
account, and even if that number were only a few, there would always be exponentially more
alternative structures that could, as a matter of physical law, realise the same function. And because
this diversity need have nothing in common except with what unifies them functionally, what
physical science can tell us about such structures will not make sense in biology. Recall that according
to Theodosius Dobzhansky 1972, that nothing in biology makes sense except in the light of evolution.
(Dobzhansky, 1973) (p. 109 - 110)

The antireductionist will go on to point out, correctly, that the argument for the autonomy of biology
from the physical sciences is still compatible with physicalism fixing the facts, including the biological
facts, as physical facts. Even though every particular biological fact is the outcome of a set of physical
facts that make up a biological type, kind or category, like a gene, mitochondrion, wing or digestion,
each will be too physically heterogeneous to corral out any useful scientific role. The antireductionist
accepts that two physically identical worlds must be identical with respect to their biology, but that
two physically, not too radically, different worlds could yet be convergent with respect to aspects of
their biology. Unfortunately, the author’s final sentence of this section is too strong for us to endorse.
They claim, “And if the physical differences need not make biological differences, then they are
irrelevant to biology, both actual and possible”. (p. 110 our emphasis) Agreed, they need not, but
they do.

Reductionist rejoinders

Even though the reductionist will concede that facts of molecular and nonmolecular biology fail to
align neatly, they will still go on to advocate a reductionist research program throughout biology.
Firstly, they will argue that all the antireductionist has show is that the obstacles to reductionism are
epistemic, not metaphysical, and that they are temporary. Secondly, they will argue that at any rate,
the epistemic obstacles raised by the antireductionist are merely inconveniences that human
resourcefulness will overcome, and that thirdly, historically both reductionists and antireductionists
have misconfigured the debate. Once we see what is at stake, modern reductionists argue, the
relation between bottom-up and top-down research will not be an impediment to reduction. (p. 111)
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The authors decide to tackle the most serious philosophical issue first. The model of reductionism we
have from the history of physical sciences is quite unsuited to the theories, generalizations and
explanations encountered at different levels in biology. The reason, discussed in Classic Text 26, is
that, with notable exceptions, it is difficult to identify laws, whether macromolecular or
nonmolecular, in biology of the sort that we have become used to in the physical sciences. There is
no hierarchy in biology from which less basic laws can be derived form more basic ones. Yet both
reductionists and antireductionists have assumed that there are such laws, with antireductionists
arguing against such derivations and reductionists for them. Besides the laws of natural selection,
there are at most only “local” biological truths or generalizations that are true for some time,
perhaps even for geological timescales, which frequently admit of exceptions, and are eventually
overtaken by adaptive evolution. Compare Mendel’s “laws” with the Ideal Gas law: pV = nRT. There
are numerous exceptions to Mendel’s laws which are accounted for by linkage, crossing over,

meiotic drive, etc. Geneticists have not sought to restate Mendel’s laws or to improve their
generality, nor have they searched for a better, less exception ridden law with which to replace it.
The Ideal Gas law, by contrast, has been elaborated by adding variables to arrive at what is today’s
Quantum Theory of Gasses, which accounts for the deviant behaviour of real world gasses under
very high pressures and low very low temperatures inter alia. (p. 111)

Compared to the Ideal Gas law and its decedents, Mendel’s laws are not really laws at all. Nor are
they treated as hypotheses about natural laws, but as descriptions of a large number of particular
facts about sexual reproduction among eukaryotes. According to the authors, as this large set of
processes emerged due to a process of natural selection for their common effect, which was blind to
what physical structures produced the effect, it was inevitable that a diversity of physical structures
would emerge. Many of these would, in turn, be subject to selection based on other effects, with the
result that a large number of exceptions to Mendelian segregation and assortment would appear.
The only way that all cases of Mendelian segregation and assortment could be “derived” from
molecular biology would be singly from the molecules that comprise of genes and the “laws” of
molecular biology. But there are no such laws, just as there are no laws of Mendelian genetics, only
generalizations. Molecular biologists are therefore not in a position to pursue a reductionist research
program that resembles the sort of reductions to be found in the physical science. But there is no
impediment to ad hoc explanations of cases of Mendelian assortment and segregation by appeal to
the molecular processes involved. So a case for antireductionism would not be supported here
either. (p. 111 -112)

The way forward for the reductionist is to completely reconfigure the specific debate about whether
Mendelian genetics can be derived from molecular biology. But then the more general debate about
whether biological theories and laws can be derived from the more basic laws of the physical
sciences must also be pursued. If, ask the authors, the debate between reductionists and
antireductionists is not about the derivation of laws, then what should it be about? One proposal is
that it is a disagreement about explanations. Reductionists hold that all biological processes, events,
systems etc. will ultimately be explained by physical laws, properties and events. Antireductionists,
on the other hand, believe that many, or most, biological processes, events, systems etc. are
adequately or correctly explained biologically, and cannot be grounded in more basic physical
explanations. (p 112)
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If the debate is recast as one about explanations, reductionists will reply that the limitations on
molecular, and ultimately physical explanation are epistemic and probably temporary. Of course, one
crucial epistemic limitation for reductionists is that many macromolecular explanations of biological
processes cannot be known because we have no information about the initial conditions. Others will
be simply uninteresting because they reveal nothing beyond molecular activity. Others yet will
involve details and complications unknown to molecular biology. Quite likely, the most serious
limitation for molecular explanations will be the cognitive and computational abilities of human
agents to understand, keep them in mind and draw further inferences, explanations and hypotheses
from them. Perhaps these limitations may be overcome in the near future by improvements in
imaging technology, Al computerized calculation of chemical interactions and computational
bioinformatics. (p. 112 -113)

According to Associate Research Scientist Upasna Srivastava at Yale University,

[a]rtificial intelligence (Al) has [already] emerged as a transformative tool, enhancing data
processing, pattern recognition, and prediction in proteomics. This integration is accelerating
discoveries and fostering deeper understanding in fields like drug development, biomarker
discovery, and systems biology. (Srivastava, 2004)

The antireductionist will however have to identify more than epistemic obstacles to reductionism.
Just getting the details right, discussed in the previous section, linking nucleotide sequences to
evolutionary genes will be insufficient, on their own, to identify the existence of these non-epistemic
obstacles. But, can we be sure that the obstacles to knowing all details of every single biological
process, state or event, are not temporary inconveniences that human ingenuity or Al can
overcome? And more importantly, for the antireductionist, is this an epistemic limit that we need on
want to overcome?

If physical reductionism is true, then the limits on macromolecular explanations of the biological can
be overcome. Even the antireductionist will grant that the physical facts fix all the facts, and
presumably allow us to know all physical facts relevant to any biological fact. So if, ask the authors, a
biological fact is just a complex physical fact fixed by simpler physical facts, and not metaphysically
different, then how could obstacles to knowing this not be impossible to remove, given enough
ingenuity and research effort (and of course, funding)? But for the reductionist there is no reason
why we should do so. After all, if all biological explanations turn out to be explanations of particular
events, or vast but finite collections of them occurring over geological timescales on Earth and
perhaps elsewhere, then there is nothing to learn from them biologically by merely cataloguing
closely similar events, and indeed no point in doing so. However, where there is a pay-off for doing
so, in terms of increased predictive power, improvements in agriculture, medicine and nature
conservation, then there is every reason to descend to the level of the reductive details, and no
obstacle to doing so.

Most professional biologists, although they have an opinion about reductionism, will not be swayed
by this rejoinder. Potential explanations that are not currently understood because they are too
detailed or require too much computation resources in the short to medium term are hardly a
motivation to give up the orthodox biological research program and pursue bottom-up research
instead. According to the authors, reductionism need only advocate an “opportunistic” research
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program, perusing both bottom-up and top-down research where possible, without trying to force
them to meet.* (p. 113)

The antireductionist however would not be swayed. There are real, non-epistemic barriers to
reduction. There are real biological facts which cannot be explained in terms of the macromolecular
details by which they are realised. Researchers should accept them as autonomous from those of
physics, no matter how great their cognitive or computational powers. The antireductionist is not
concerned whether these explanations are metaphysically different form the physical facts that fix
them, but they certainly don’t depend on our beliefs about them. So, even if all of the rest of biology
can be grounded in molecular biology, there will still be an unbridgeable gulf between the latter and
physics, one that must reflect the methods of biology. (p. 114)

Multiple realizability, supervenience, and antireductionism

Recall that natural selection for functions (selected effects, SE) is blind to structure, i.e. almost all
biological properties are multiply realizable. Every biological type or kind is instantiated or realised by
a disjunction of possible structures. A haemoglobin gene can comprise of a large number of different
nucleic acid sequences and the number of alternative amino acid sequences that functions just as
well as a haemoglobin molecule is also large. Of course, if two sequences of nucleic acids are
identical then they both represent the same genes, for haemoglobin say, but two different sequences
of nucleic acids may yet both be genes for haemoglobin. And what makes the two differing nucleic
acid sequences the same gene is their functional role. The same goes for the haemoglobin protein,
the constituents of organelles, cells, tissues, systems and organisms. The dependence of biological
kinds on disjunctions of physical kinds is known as supervenience.

More generally, we have defined supervenience as a relation between sets of properties or sets of
facts; thus x is said to supervene on y if and only if some difference in y is necessary for any
difference in x to be possible. (Wikipedia: Supervenience) In the context of the discussion in Classic
Text 16 we were thinking about how mental properties supervene on physical properties in such a
way that changes to mental properties can not occur without corresponding changes to physical
properties on which they supervene. The same is true for biological properties and the way they
supervene on physical properties. (p. 114)

Just as a chair is multiply realisable (see Classic Text 20) without there being anything physically
necessary and sufficient for it being a chair, so there are infinitely many ways of realising some
functional role like being a gene, cell or an organism. The fact that we do not have a complete
description of a chair (or a gene) in terms of a list of all and only their physical properties does not
mean that at a chair (or a gene) is not a physical thing. Being a cell or a gene or an organelle or any
other object that is functionally defined supervenes on a set of physical properties and is not
something more than, or above and beyond, a purely physical thing. (p. 114 - 115) (Pace holism)

According to the biological antireductionist, supervenience is what makes an object an instance of a
biological kind. An adaptation, in particular, is not its physical structure because adaptations do not
have a common structure. What makes something an example of an adaptation is Darwinian

4 Professional biologists do not loose sleep over reductionism. There are presumably reasons they pursued a
career in biology and not philosophy.
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evolution i.e. natural selection for its function. Consider a wing: there are insect wings, pterosaur
wings, bat wings, bird wings etc. What makes a wing a wing is not its unique anatomy, because there
are so many types of wings, it is its evolved functional role in flight. Reducing any particular biological
process, event or state to the structure that realises it obscures or hides what is common between
that structure and any other possible physical structure that has the same selected effect. And,
according to the authors, it is that very selected effect that the physical description neglects, i.e.
what biology is all about. In other words, reduction misses out on the very facts that biology must
include; and this has nothing to do with our limited epistemic abilities. Even Laplace’s Demon would
want to know about the biological kinds shaped by selection. A complete reductive “explanation”
from which the kinds selection has moulded that drop out will fail to be biological. This goes even at
the level of molecular biology. (p. 115) See box below.

Why Thymine in DNA vs. Uracil in RNA?

In High School Biology, we were all taught that that the nucleic acid Thymine in DNA is substituted for
Uracil in RNA. Did anyone ask why this is so? The answer is not to be found by a chemical analysis of
the synthesis of Thymine out of Uracil, but by the function of Thymine in DNA and that of Uracil in
RNA, and hypothesizing that they were selected for these functions. The function of DNA is high-fidel-
ity information storage and transmission. DNA sequences that fail to store information in a highly reli-
able form or fail to transmit it reliably will be selected against. Cytosine, one of the other nucleic acids
making up the “rungs of the ladder” of DNA, sometimes spontaneously looses and amine group (de-
amination) to become Uracil. This is not uncommon. It happens about 100 times per cell per day. This
is not a problem because the cell can easily recognise that the Uracil does not belong and can repair it
by substituting it for Cytosine again. If Uracil were used ordinarily in DNA, the cell would not be able
to distinguish a Uracil that forms part of the ordinary sequence from one that resulted from the de-
amination of Cytosine. Were such a strand of DNA to replicate, then in the daughter sequence that
forms a complementary strand, a Uracil resulting from the deamination of a Cytosine would pair up
with Adenine instead of the Cytosine which would normally have paired up with Guanine. The result
would be a point mutation in the daughter sequence. The inability of the cell to repair such damage
doesn’t matter for RNA, which is a shorter and a comparatively much shorter-lived molecule where
potential errors won’t lead to any lasting damage. The worst thing that could happen with a strand of
mRNA with a point mutation is that a malfunctioning protein will be formed. This doesn’t matter
much as malfunctioning protein molecules are degraded by the cell and the constituent amino acids
are then recycled. (p. 115 - 116; biology.stackexchange)

The point of this digression for the reductionist vs. antireductionist debate is that it shows that the
answers that the biologist wants, even in molecular biology, are not provided by the chemical details
of the synthesis of DNA and RNA. The answers desired can only be explained by considerations from
the theory of natural selection. According to the authors, it was the biologist, and sometimes
philosopher, Ernst Mayr (1982) who made this point most forcefully in his arguments against
reductionism. Mayr distinguished between proximate and ultimate explanations. Proximate
explanations provide answers as to how particular events, states, processes, capacities or
dispositions are brought about. Consider how the mammalian eye sharply focuses by bending light
rays. Here our explanation will appeal to geometrical optics, and may be reducible to nonbiological
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processes. However ultimate explanations provide the reasons explaining how certain proximate
causal mechanisms arose. Ultimate explanations are almost always given in terms of the adaptational
aetiology of such mechanisms. Thus biologists, although interested in how the mammalian eye
sharply focuses, are also interested, or more interested, in why it is that these mechanisms came
about, and these answers will go back ultimately to adaptive causes. (p. 116)

What is more, according to the authors, is that ultimate explanations work without having to trace
out the actual aetiological pathways from emergent to highly evolved structures. Most of the time
that path has been lost in the mists of time and in most cases, there was more than one pathway,
owing to the supervenience of the adaptations on disjunctions of structures that realise them. Which
pathway taken does not matter for the purposes of ultimate explanations. Ultimate causes in biology
are not necessary causes. Spider eyes are also capable of sharp focus; however their lenses are fixed
and instead they move their retinas about to accommodate. Returning to the question of why
Thymine occurs in DNA vs. Uracil in RNA: we do not know which phylogenetic pathway was taken for
the purposes of ultimate explanation, but that does not detract from the adequacy of such an
explanation. Besides which, knowing exactly which route was taken would not necessarily add to or
improve our explanation. (p. 116 - 117)

According to the authors, that biology seeks ultimate explanations that are not furnished by physical
science, are built into the vocabulary of the subject. Most of the concepts, kinds and properties of
biology are functional, i.e. they have an evolutionary aetiology. Antireductionists exploit this fact
about biology to advance two more arguments against reductionism. Many reductive explanations
appeal to unreduced or irreducible entities, processes, properties or events. Consider how
developmental molecular biology explains the development of the anterior/posterior axis in fruit fly
embryos. A certain set of genes in the embryo interacts with varying concentrations of a protein
know as bicoid®, laid down in the unfertilized egg by the maternal fruit fly. Even if the genes
implicated could be identifies as a disjunction of nucleic acids sequences that together realise them,

III

the explanation would have to invoke such notions as “ovum” and “maternal” because such genes
are activated by the presence of bicoid laid down by the mother. But the terms ovum and mother are
heavily laden with ultimate evolutionary content. Reductionism in developmental molecular biology,
on the other hand, requires that they be defined and identified with molecular concepts. Even if this
could be done, macromolecular properties would still appeal implicitly to ultimate explanations in
their meanings. This would impede reduction to proximate explanations, which are the sort that only

physical science can provide (p. 117)

Reductionists believe that all ultimate causal relationships that are reported in biology will prove to
supervene on the causal relationships between more basic events, states and processes of physical
things such as are reported in chemistry and physics. This belief stems from their commitment to
physicalism, which even antireductionists embrace. However, some antireductionists point out that
the causal arrow sometimes points the other way, from the biological downwards towards the
physical. Some biological entities and their properties have effects on molecules, and the source of
these effects cannot be traced back to the physical constituents that comprise of biological entities
and fix their properties. The authors point to the following example: Developmental biology has

5 Bicoid was the first protein demonstrated to act as a morphogen. A morphogen is a substance whose non-
uniform distribution governs the pattern of tissue development in the process of morphogenesis or pattern
formation, ... establishing positions of the various specialized cell types within a tissue. (Wikipedia: Morphogen)
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revealed that during the development of the embryo, cells encode information about their position
with respect to their surrounding cells. This encoded information causes these cells to produce
certain enzymes and molecules which usually keep these cells on the same developmental pathway
as their surrounding cells. In this case, it is the position of the whole cell that determines its
macromolecular effects, not its component molecules with respect to each other or with respect to
those comprising of surrounding cells. (p. 117 - 118)

Both these antireductionist claims about the indispensability of higher levels of organization and
downward causation are subject to counter-argument, however serious, by any antireductionist who
accepts physicalism. The authors use the following diagram to help explain the problem using
meiosis as an example.

Biological event B s RRR MR RS
i £ N

Macromolecular events M, > M, M,

Physical events Py oo i B v Py

Time t, t, t,

Rosenberg & McShea's (2008) Figure 4.1 - A Reductionist Challenge to Antireductionism

In the diagram above, Bs represent biological events which are realised (double vertical lines) by
macromolecular events beneath them, Ms which are in turn realised (also double vertical lines) by
physical and chemical events beneath them, Ps. The double vertical lines therefore express physical
identity. The horizontal arrows show the direction of causation, while diagonal arrows show the
direction of putative downward causation.

In the case of meiosis, Bs are stages | followed by Il of prophase, metaphase, anaphase, telophase,
and interphase visible under the light microscope. Ms are the macromolecular processes, not visible
under the microscope, that realize the visible stages above. Ps are the physical and chemical process,
also not visible, that realise the macromolecular ones above them. According to physicalism, each B;
is physically and materially identical to each corresponding M; and P;. According to reductionism,
the causal processes at the level of Ps comprise of the causal processes at the level of Bs and Ms.
According to antireductionism however, there are sometimes causal influences from higher levels to
lower levels, in this case from Bs to Ms or Ps. Because causal influences on lower processes take
time, however brief, the arrows representing them necessarily slope from one set of events down to
another. The relationships of identity, in this case, are direct and hence take no time; therefore the
double lines representing events that realise them are stacked, one beneath the other, at each time.
(p. 118)

Now consider macromolecular event M, to which a single line of causal influence and a double line
of identity or constitution point. Suppose we ask, why did M, occur? There appear to be two causal
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routes converging on M, that explain its occurrence: (i) P; occurred, which caused P,, which is
identical to M,, or (ii) B; occurred and downwardly caused M, to occur. Antireductionists’ belief in
the existence of downward causation obliges them to acknowledge that the second route was taken.
But antireductionists also accept physicalism; therefore they are also obliged to acknowledge that
the first route was taken. According to the authors, there are only two possibilities, both unattractive
to the antireductionist. Firstly, (i) and (ii) could be viewed as competing explanations as to how M,
came about, only one of which can be correct. The obvious problem with this view is that one or
both of (i) or (ii) must be wrong. If (ii) is correct, then it is hard to see how the antireductionist can
continue to accept physicalism. Alternatively, (i) and (ii) could be viewed as both correct, but in that
case M, is overdetermined, i.e. when a single-observed effect is determined by multiple causes, any
one of which alone would be conceivably sufficient to account for or “determine” the effect.
(Wikipedia: Overdetermination) (p. 118 - 119)

However, it is unlikely that antireductionists believe in overdetermination in in this sense, at least
above the level of the physical. According to the authors, overdetermination is uncommon in nature.
Perhaps natural selection would have selected overdetermination for processes essential to survival
and reproduction, but that is not what we see. For the antireductionist to reconcile upwards physical
identity or constitution with downward causation demands too much redundancy of nature. The
only way out of this dilemma is for the antireductionist to renounce physicalism, but at what cost?
(p. 119)

Self-organization and reductionism

Although the bottom row of Rosenberg & McShea’s Figure 4.1 above is clearly labelled as “events”,
the anti-reductionist has a rejoinder to the accompanying argument in that the reductionist is
“playing fast and loose with the notion of what constitutes the physical facts”. If indeed the bottom
row is taken as representing physical facts, these could refer to the properties of all the constituent
parts, presumably atoms that that constitute macromolecules at the second level, taken individually.
However the properties of macromolecules depend on the relationship among these atoms. The
functioning of a protein is largely determined by its shape, not just its constituent atoms, but their
spatial relations and intramolecular forces. These relations are the result of properties of interactions
among all of the atoms in a molecule, not just the sum of all their properties taken individually. (p.
119)

Consider a specific carbon or nitrogen atom with a protein. It hardly matters where it is located on
the surface of the earth that is not hostile to life or where precisely within or outside of a cell it
happens to be. What matters is its location relative to other atoms within the molecule. It is these
relational properties including intramolecular forces that determine the properties of the protein as
a whole. In other words, the properties of constituent atoms, taken individually, do not explain the
whole. The reductionist dream is to explain a molecular whole in terms of its parts, but the
relationship among the parts also has a role to play. Furthermore, in the case of proteins, there is the
fact of folding. The string of amino acids that emerges from a ribosome does not spontaneously
assume its final 3-dimentional form. There are other molecules, some of which are enzymes, that
fold the emerging string into its functional form. A class of misfolded proteins known as prions are
responsible for a host of diseases that were once believed to be viral. The infectiousness of many
prion diseases is due to the fact that these misfolded proteins cause adjacent correctly folded
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proteins to assume their pathologically misfolded form, e.g. scrapie in sheep and goats, bovine
spongiform encephalopathy a.k.a. “mad cow disease” in cattle and Creutzfeldt—Jakob disease and
kuru plus a handful more in humans. On the other hand, adverse environmental conditions such as
high temperature or extreme pH can denature a protein so that it looses its ideal form, sometimes
irreversibly — think of the changes to the clear albumin of an egg in a hot pan. In other words, the
configuration of a macromolecule, such as a protein, depends crucially on other macromolecules and
environmental influences. (p. 119 - 120)

According to the authors, the reductionist may reply that the physical facts to which they want to
reduce a macromolecule must include all physical facts, including the facts about physical relations
and intramolecular forces among the various atoms that comprise of a macromolecule. These
include the pair-wise interactions between two adjacent atoms, three-place interactions... and n-
place interactions between all atoms within a macromolecule. Furthermore the diehard reductionist
would want to include the interactions between each atom and the physical and chemical
environment, including all n-place interactions. Such an analysis would face the problem of the
combinatorial explosion. This occurs when a huge number of possible combinations are created by
increasing the number of entities (atoms in this case) which can be combined. Just a small increase in
the number of elements that can be combined increases the number of combinations to be
computed so fast that it quickly reaches computational limits.® (Principia Cybernetica: Combinatorial
Explosion). Suppose we were to grant the diehard reductionist that his intended analysis is at least
possible, however unlikely, then according to the antireductionist, granting such a concession is
tantamount to surrendering to reductionism. According to the authors,

If reductionism means anything, it means explaining the
whole as a consequence of the properties of its physical
parts. But if the notion of physical parts is taken to include
the parts and also all of their relational properties — their
relationships and interactions — in all possible combina-
tions, then, in effect, units larger than the parts — combi-
nations of parts — are being accorded their own distinctive
properties with autonomous causal efficacy. And that is
holism, not reductionism. (p. 120)

On the same page the authors claim that antireductionists some-
times illustrate their argument with another one from Stuart
Kauffman’s (1995) At Home in the Universe: The Search for the
Laws of Self Organization and Complexity. We have not seen such

an illustration but we can cite a now classic paper (Miller, 1953 Stanley Miller (1930 - 2007) Poses
here in 1999 with a Replica of the

i ) . . Apparatus Used in his Classic
ler-Urey experiment.” The experiment shows that, starting with a Experiment

available here) describing what has come to be known as the Mil-

small number of inorganic compounds thought to be common in
the pre-biotic atmosphere of Earth (methane, ammonia, hydrogen and water), it was possible using

6 E£.g. the number of possible coalitions (partitions of unlike individuals into like parts) among 3 individuals is 5,
among 5 individuals it is 52, among 10 individuals it is 115,975 and among 20 individuals it is
51,724,156,235,572, etc. (Krippendorff, 1986)

7 Harold Urey was Millers’s supervisor at University of Chicago at the time.
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heat and an electric spark to simulate lightning, to produce a host of organic compounds, including
amino acids, the building blocks of life on Earth. In later versions of the experiment Miller added
hydrogen sulphide to the original mix of gasses, which produced even higher yields including amino
acid molecules including those that incorporate sulphur. Hydrogen sulphide would have been
abundant in the early atmosphere due to very active vulcanism on the early Earth. (Wikipedia:
Miller-Urey experiment)

The lesson from the Miller-Urey experiment and it various iterations is that it is possible for complex
molecules to assemble spontaneously from a mixture of gasses thought to be present in significant
guantities in the early atmosphere. The Sun and lightning and perhaps vulcanism too would have
provided the activation energy necessary. We have not discussed Kauffman’s simulations in any detail
because we prefer actual experiments to computer and mathematical models — what one critic of an
earlier work (Kauffman, 1993), rather uncharitably, referred to as “fact free science”.

Besides spontaneous self-organizing behaviour, Kaufman’s model shows that, in particular, his
networks spontaneously evince stability, homeostasis and evolvability — all key features of life, and
which, the reductionist argues, are not present in any of the components, taken individually. Another
feature of Kaufman’s model, when translated back into the language of macromolecules, is that
some molecules can control the presence of others by catalysing or inhibiting their production in
what is called cis-regulation. E.g. the product of one gene can control the rate at which another gene
is transcribed, and hence the rate of production of that gene’s product. Kaufman’s model also
evinces cyclical stability, i.e. patterns cycle stably through a series of states, which then return to the
starting point to begin another cycle. Virtually all life processes from cell division to digestion in some
protozoans (e.g. Paramecium) and all metazoans, to walking, cycle stably in this sense. (p. 121)

Kaufman’s model, within certain parameters, also exhibits the tendency to restore itself when
perturbed — an analogue of what in life we refer to as homeostasis. Yet another feature of the model
is the tendency, when the rules governing inputs and outputs are changed slightly to produce
patterns that are similar, but not identical to the old one, prior to the change. This adeptness
answers to what we would call evolvability among replicators in general, whether they be
macromolecules, single-celled organisms or metazoans. The slightness of such changes is key. Slight
changes to the germ-line of an organism produce slight changes in the phenotype of the offspring,
whereas extensive changes are almost always deleterious. The point has been made several times
before, but bears repeating:

Natural selection is cumulative, not random, because earlier adaptations constrain later
ones. A large variation in phenotype has a much greater chance than a small one of
interfering with an already established adaptation. (p. 122)

Finally for Kaufman’s model, we are not convinced that two paths of causation have been shown to
converge on the same state (i.e. overdetermination), although the authors use the word ‘fact’.
However there are ‘physical facts’ and ‘facts’ which are often conflated. A physical fact is a true
statement about the physical world, e.g. Rock A is resting on rock B. A fact, by contrast, is a true
statement about anything, e.g. Chess moves, The choreography of Swan Lake or the price of butter.
Facts about the relations between inputs and output of a simulation are not physical facts; they are
true statements about a simulation, not the world external to the simulation, except in an analogous
fashion. But again, analogues are not the same as reality. Of course some models are better than

Ophilosophy.org.za



22

others. We might say that the better ones better reflect some aspect of reality better than others,
whether this is population dynamics, climate change or an epidemic, but the physical facts are about
the external world, not the model.

Natural selection and reduction

According to the authors, reductionists will have to accept that the biological is multiply realisable
and supervenes on disjunctions of physical, including macromolecular properties and relations, and
that these and their ubiquity are a consequence of natural selection itself. The reductionist may have
no difficulty accepting that the physical processes to which he wants to reduce the biological will be
vast in number, heterogenous in kind, and hard to organise into general explanations about classes of
biological processes. But, he may insist, that this is “merely” an epistemic limitation which will be
overcome among different biological subfields, in time, and as techniques improve and greater
powers of computation become available.

If reductionists are worried by such things, they ought to be worried about the distinction between
proximate and ultimate causation and the role of natural selection in the antireductionist argument.
Recall that Mayr pointed out that biology seeks ultimate explanations, and the further fact that most
of its descriptive vocabulary only makes sense in the light of adaptive explanations that issue from
the theory of natural selection. Therefore reductionists must recognize that the theory of natural
selection is indispensable to biology. Failure to do so would see reductionism collapse into
eliminativism. One way for reductionists to turn the table is to attempt to show how the theory of
natural selection itself can be reduced to physical science. (p. 124)

Let us assume that the theory of natural selection can be expressed by one or more general laws, say
by the principle of natural selection (PNS) (Classic Text 26) or Lewontin’s version of the theory, i.e.
whenever there is hereditary variation and differences in fitness as a consequence of them, there will
be differential reproduction. The challenge for the reductionist then, would be to show how either
version of the law can be derived from the more basic laws of physics or chemistry the way that the
Ideal Gas Law can be derived from Newton’s laws and collision theory. Consider the relation ‘x is
fitter than y’ and the properties of heredity, variation and reproduction that figure in any version of
the theory of natural selection. These relations and properties are multiply realisable; therefore it
will be impossible to link them to anything less than an exhaustive set of disjunctive relations and
properties of physical entities. But according to the authors, such a linkage is exactly what is required
for a derivation. (p. 124 - 125)

Note that the Ideal Gas Law can be derived form Newton'’s laws, inter alia, because the Kelvin
Temperature of a gas is directly proportional to the mean kinetic energy of the particles of the gas.
According to the authors, if fitness, variation, heredity and other properties and relations of
Darwinian theory supervene on vast disjunctions of macromolecular and ultimately physical
properties and relations, there is no hope of effecting a reduction of Darwinian theory to those of
chemistry and physics in the way that the Ideal Gas Law can be so reduced. Reduction will, at best,
come to a halt at the level of molecular biology. The laws of natural selection which obtain at the
level of the macromolecule, as much as they do at higher levels of biological organization, will remain
unreduced.
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Of course, the reductionist could deny that that there is a law or laws of natural selection to be
derived from physical laws. Suggesting that Darwinian theory is more like a mathematical model or
algorithm widely realised by physical processes merely postpones the question as to whether their
realization reflects the operation of a fundamental law or laws. Alternatively, dismissing Darwinian
theory as nothing but a useful biological instrument or heuristic rather than a law or laws, yet
claiming that there are basic physical processes that operate together to produce descent with
modification, is more like a version of eliminativism than an endorsement of the reduction of natural
selection. Ironically, if reductionists cannot accommodate the theory of natural selection within
physical science, then they face the dilemma of giving up on physicalism or embracing eliminativism.
(p. 125)

Task

The authors provide an excellent summary of their chapter that succinctly brings together the many
threads of their arguments, mostly concerning reductionism and antireductionism, but ignoring
holism. It would be a useful exercise to provide your own summary of the position you occupy with
regard to reduction about biology, including all relevant considerations, both scientific and
philosophical, and of course, in support of and contrary to your position.

The seemingly trivial question of whether a melody reduces to its notes and their duration is
fiendishly difficult, especially when viewed in its proper context. Indeed biological context, whether
ecological, global or even cosmological seems to be the one feature missing from the author’s
discussion. Could the consideration of context be key to understanding reduction about biology in
the way it is key understanding the reduction of a melody?

Feedback

There is no single right response to this task, but there are plenty of demonstrably wrong, incredible
or indefensible positions. Two extreme positions stand out: the Cartesian mechanist view of living
bodies and eliminativism. Either position could conceivably be correct, but would be impossible to
believe consistency. We believe that the authors have made an excellent case for antireductionism
against reductionism, but have not described a substantial theory of biological properties or
causation. Similarly in Chess or Go, one cannot establish a strong position by playing only defensively.
We believe that holism, of the right sort, has much to recommend. It is true that organisms or
ecosystems have properties that macromolecules do not and that levels of causation and
organization only makes sense in context, whether biological, psychological or sociological. We
believe that wrestling with the “easy” problem of the reduction of a melody will provide some
parallel analogies and insights into the much harder problem about reduction of biological process.
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