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The theory of evolution continues to be a bone of contention among
certain groups of theistic believers. This paper aims to bring some light
to the debate about it, by introducing a framework for epistemic
appraisal which can provide a realistic and sober assessment of the
epistemic credentials of the various parts of evolutionary theory. The
upshot is a more nuanced epistemic appraisal of the theory of
evolution, which shows that there are significant differences in
epistemic standing between its various parts. Any serious
conversation about the theory of evolution ought to reflect these facts.
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The aim of this paper is to bring some clarity to the discussion about the epistemic status of
the theory of evolution. Roughly, a theory’s epistemic status is the extent to which it is supported by the available evidence and possesses other theoretical virtues. Some say that the
crucial parts of evolutionary theory are as certain as the earth’s revolving around the sun—
in short, that they simply report established facts.1 Others disagree.2 Two matters complicate the debate. First, it has been, and continues to be, deeply intertwined with both religious and anti-religious sentiments. Second, there seems to be a general tendency to
extrapolate hastily from scientific findings, and base grandiose claims on them—especially
in popular science writing.3 In this paper we will distinguish between three different layers
of evolutionary theory and employ a framework for epistemic appraisal that distinguishes
between epistemic statuses of different strengths, in the hope of contributing to a sober
assessment of the epistemic status of evolutionary theory.
The next section contains some groundwork, particularly clarification of the notions of
“scientific theory” and “epistemic status”. In Section 3, we present the three layers of evolutionary theory. In Sections 4–6 we assess their respective epistemic statuses by discussing
the evidence in favor of them, while also taking into account what has been brought
against them by, mostly, Christian theists.

1. Conceptual Clarifications
1.1. Scientific Theory
We will think of a theory as a statement (where a statement can also be a large conjunction
of statements4). Theories are truth-apt and have a truth-value: either true or false.5
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What makes a theory scientific? The American Association for the Advancement of
Science (AAAS) defines scientific theory as “a well-substantiated explanation of some
aspect of the natural world, based on a body of facts that have been confirmed through
observation and experiment.”6 Although this definition provides a good starting point,
it is problematic as it stands for a number of reasons. Most importantly, it entails that
there can be no scientific theories that have not (yet) been confirmed through observation
and experiment. It also entails that scientific theories that have been disproved are no
longer scientific theories. This is clearly wrong. There are several theories about the
origin of life, for example, which are not (yet) confirmed through observation and experiment. The same goes for string theory and multiverse theories. Instead, they are mostly
based on theoretical speculation. It would be absurd to deny them the status of scientific
theories because of this. That would be like saying that bad football players aren’t football
players at all. For similar reasons, it would be absurd to deny, say, Newtonian mechanics
the status of a scientific theory, because it has been superseded by special relativity. This
definition, then, appears to conflate well-supported scientific theories with scientific theories as such.
Hence, we should perhaps say that a scientific theory is an explanation of some aspect
of the world that is (or once was, or may become) well substantiated, based on a body of
facts that have been (or once seemed to have been, or may become) confirmed through
observation, experiment, or theoretical reasoning. This means that scientific theories
need not always be well-confirmed, let alone true. But this does not at all entail that all
theories are “just a theory,” and our attitudes vis-à-vis them a matter of personal preferences. What particular attitudes are appropriate with regard to particular theories depends
on their epistemic status.
1.2. Epistemic Status and Epistemic Attitudes
What is it for a theory to have an epistemic status? At first pass, the epistemic status
of a theory is a marker of its goodness from an epistemic perspective, that is, from the
perspective of truth and falsity, of knowledge. A theory’s epistemic status increases in
proportion to such factors as how well it is confirmed, how much support and evidence there is for it, how well it has withstood criticism and testing, to what
extent it manifests theoretical virtues like simplicity, broad scope, unifying power,
explanatory power, and internal and external coherence.7 And it decreases in proportion to the inverse of these factors. For the sake of brevity, we will henceforth
abbreviate everything that bears on the truth or falsity of a theory with the catchall label “evidence.”
Clearly, then, a theory’s epistemic status is relative to the available evidence at a given
time and place. But what is it for evidence to be available? As we will think of it, it is for it
to be published, widely accessible, and widely endorsed in mainstream scientific outlets.8
While this is still somewhat vague—is the evidence cited in an online preprint for a Nature
article available in this sense?—it is sufficiently discriminating for present purposes. Evidence that has just been discovered in a laboratory or in the field is not (yet) available, stuff
that has made it into introductory textbooks clearly is.
It is one thing for a theory to have an epistemic status, but another for people to
take up an attitude about the epistemic status of that theory—we call such an attitude
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“an epistemic attitude.” Ideally, our attitude vis-à-vis a theory matches its epistemic
status.9 If we, highly educated individuals in the twenty-first century, were to think
it plausible that the sun revolves around the earth, our attitude would be wildly inappropriate. Our epistemic attitudes are thus subject to a kind of normativity—epistemic
normativity.
Inspired by Roderick Chisholm, we will introduce a general framework for discussing
the epistemic statuses of truth claims and the attitudes we can have towards them.10 The
primary attitude that scientists have vis-à-vis theories is best captured in terms of acceptance, rather than full-blown belief—scientists are typically well aware that science is a
fallible enterprise, and that new evidence may overturn accepted views. Epistemologists
typically distinguish between three basic attitudes one may take vis-à-vis a particular
theory T: accepting T, accepting not-T (=rejecting T), and neither accepting T nor
not-T (=withholding). By using the undefined but intuitive notion of “being more
reasonable than,” we can distinguish the following epistemic statuses, in decreasing
order of strength:
.
.
.

T is beyond reasonable doubt: accepting T is more reasonable than withholding T.11
T is acceptable: withholding T is no more reasonable than accepting T.
T has some presumption in its favor: accepting T is more reasonable than rejecting T.

The corresponding negative statuses are:
.
.
.

T has some presumption against it: accepting not-T is more reasonable than rejecting
not-T.
T is unacceptable: withholding not-T is no more reasonable than accepting not-T.
T is gratuitous: accepting not-T is more reasonable than withholding not-T.

Chisholm adds two further categories:
.
.

T is absolutely certain: (i) T is beyond reasonable doubt, and (ii) there is no other theory
T* such that accepting T* is more reasonable than accepting T.
T is evident: (i) T is beyond reasonable doubt, and (ii) for every T*, if accepting T* is
more reasonable than accepting T, then T* is certain.

To get a better handle on this, imagine a continuum representing a theory’s possible
epistemic status; the extremes represent the highest and lowest epistemic statuses. A
theory’s position on this continuum is determined by its epistemic goodness. The closer
a theory’s status is to the positive extreme, the more reasonable it is to accept it and the
closer it is to the negative extreme, the more reasonable it is to reject it. As we move
from the negative extreme to the positive extreme, we go from a theory’s being gratuitous
(i.e. clearly worthy of rejection) to an interval where rejecting and withholding are roughly
equally reasonable (the interval marked “r/w” in Figure 1). Moving further, withholding is
the reasonable thing to do, until we again reach an interval where withholding and accepting are equally reasonable (marked “w/a” below). Near the right end of the spectrum,
accepting is the right attitude. In Figure 1, we have drawn intervals representing the
above statuses.12
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Figure 1. Epistemic statuses and attitudes.

According to Chisholm, basic mathematical or logical claims—2 + 2 = 4, the square
root of 2 is an irrational number, or De Morgan’s Laws—are absolutely certain. There
are no other claims, let alone scientific theories, that are more reasonable to accept.
Evident claims are a notch down. Chisholm says that unproblematic everyday propositions have this status: I have two hands, I see a sparrow outside my window, or
yesterday was sunny. Chisholm does not give scientific examples, but we think that
theories that are beyond reasonable doubt include firmly established scientific theories
such as Wegener’s theory that the continents are adrift, Einstein’s theory of general
relativity, and quantum mechanics. This category contains everything from theories
that are just above the threshold where accepting becomes more reasonable than
withholding, to theories for which it is much more reasonable to accept them than
to withhold judgment about them. The category could thus be further subdivided
in two (or more) intervals, representing theories that are weakly beyond reasonable
doubt or strongly so. Acceptable are theories for which there is a respectable
amount of positive evidence, but not enough to make them firmly established.
Well-informed reasonable people can agree to disagree about them: some people
will accept them, while others withhold judgment. Examples are bound to be controversial, but perhaps string theory counts as one: there are theoretical reasons to take
it seriously, but (as far as we know) there is no experimental evidence to confirm it.
For a theory or claim to have some presumption in its favor means that there is nonnegligible positive evidence for it, but not enough to make it rationally acceptable.
Examples include novel scientific ideas which are suggested by the evidence but
which have not yet been tested rigorously. Similar examples could be given for the
negative half of the spectrum.
1.3. The Fallibility of Science
Everyone should agree that science is a fallible enterprise—so much so, in fact, that the vast
majority of past scientific theories, although once widely accepted, have conclusively been
shown false. The philosopher of science Larry Laudan famously used this fact in what he
dubbed the “pessimistic meta-induction.” The history of science teaches us, he argued, that
we should expect our current theories to be, by and large, false and non-referring.13
Recently, big data has lent further empirical confirmation to this. Samuel Arbesman
suggests that scientific facts have a “half-life:” statistical analysis shows that scientific
“facts” are overturned at a constant rate. The exact rate varies across disciplines, but the
general pattern is consistent.14
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Moreover, in post-Kuhnian philosophy of science, it is taken for granted that theories
are underdetermined by the data they seek to account for.15 No matter how much data are
available, it is always possible to come up with alternative and incompatible theories that
fit the data equally well. It is controversial to what extent this theoretical possibility poses
real problems in scientific practice.16
Anyone familiar with debates about evolution will have seen attempts to exploit
these general insights to cast doubt on the epistemic status of the theory of evolution.
Three points should pre-empt such attempts. First, considerations about fallibility and
underdetermination show that the epistemic status of scientific theories, no matter
how well-confirmed they are, will always be below that of absolutely certain and
evident. Even established theories that have withstood severe scrutiny remain tentative,
if only slightly so. Since theories are supposed to account for the observations by
ordering and explaining them, they are at some remove from those observations
themselves and this introduces error possibilities and room for alternative theoretical
accounts. In addition, many scientific observations are mediated by technology and
inferential steps, and are thus already less epistemically certain than unproblematic
everyday observations.
Second, however, this does not mean that anything goes in science. In response to
Laudan’s pessimistic meta-induction, it has been pointed out that even though past theories are replaced by superior ones, there are typically core elements that are preserved.17
Newton’s law of gravity superseded Kepler’s laws of planetary motion, but showed
Kepler’s laws to be a pretty good approximation. Special relativity replaced Newton’s
law, but confirmed the approximate correctness of Newton’s law. There is gradual
accumulation of strongly confirmed (elements of) theories. Newer theories typically
retain significant elements from older ones. So to the extent that a theory has been
around for a long time and its core elements retained, we have good reason to think it
has strong epistemic status.
Third and related, when major shifts and genuinely revolutionary developments do
occur in science—paradigm shifts, as Kuhn called them—scientists never simply return
to superseded theories or paradigms. After all, they had good reasons to abandon these.
Scientists may revisit and incorporate elements from older theories, but they never go
back as if nothing had happened. Hence, even the staunchest critic of evolutionary
theory should admit that a straightforward return to, say, a young earth creationist paradigm is out of the question.
With these preliminaries and our framework in place, we now turn to the theory of
evolution, and to the evidence marshaled in favor of it.

2. What Is the Theory of Evolution?
The theory of evolution is first and foremost a biological theory that purports to explain
the variety of life-forms on earth. It must be distinguished from evolutionism as an encompassing worldview. Evolutionism is the metaphysical view (or perhaps stance) that evolutionary theory is the key to explaining everything about human life, psychology, and
behavior (including human morality, religion, and so on), to the exclusion of other theoretical, philosophical, or religious perspectives thereon.18 Our focus is the biological theory
of evolution, not evolutionism.19
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So what is evolutionary theory? Following Fowler and Kuebler, we can distinguish three
different layers, or constituent parts, within evolutionary theory:20
1. Historical Evolution: The claim that the geological timescale is more or less correct and
that the earth has seen a historical sequence of life forms stretching over many millions
of years—that is, that there were bacteria long before fish, fish before reptiles, reptiles
before mammals, and so on.
2. Common Descent: The claim that all forms of life have developed from a common
ancestor.
3. Darwinian Evolution: The claim that the development of all forms of life can be satisfactorily explained by reference to a single mechanism: natural selection acting upon
random mutations.
We should note the logical relations between these claims. Historical Evolution does not
entail Common Descent: it is possible that the earth is very old and that there has been a
historical sequence of life forms, but that these life forms have no common ancestor. Also,
Common Ancestry does not entail Darwinian Evolution: even if all life-forms have a
common ancestor, other mechanisms besides natural selection may be required to
account for their origin. Going in the other direction, the “higher” layers do presuppose
the lower ones. Henceforth, when we use “evolution” and “evolutionary theory” we will
refer to the conjunction of these three claims. In the next sections we investigate the epistemic status of these claims.

3. Historical Evolution
When the discipline of geology emerged in the seventeenth century, geologists fitted their
findings in a time scheme that was derived from an intuitive reading of the Bible. The earth
and its rocks were supposed to be only several thousand years old and the catastrophic
worldwide flood in Noah’s days explained the fossils that had been found. For example,
fossils of fish that had been found in mountains were considered to be left there by the
flood. When in the course of the eighteenth century the scope of geological research
expanded rapidly, however, more and more findings emerged that could hardly be
squared with this hypothesis.
During the eighteenth century, very thick layers of sedimentary rock were discovered
and measured. Some of them turned out to be miles thick. A single flood of one year
could never have deposited enough eroded material to explain such large diameters.
And in south central France volcanic cones were discovered under grasslands. Since
there were no reports or legends of volcanoes in that area, they must pre-date human inhabitance. Haarsma and Haarsma comment as follows:
Upon close inspection geologists were able to map multiple layers of lava flows, showing that
the volcanoes in that area had erupted repeatedly, hardening after each eruption and forming
additional structures. Evidence also shows significant water erosion taking place between the
various volcanic eruptions. This area tells of a longer and more dynamic history than could
be fit into a few thousand years, even with a flood.21

Especially Charles Lyell’s (1797–1875) Principles of Geology (1830–1833) had a major
impact. Taking up an older idea of the Scottish farmer James Hutton (1726–1797),
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Lyell came to favor “uniformitarianism,” the view that the changes in the strata of the earth
did not result from sudden catastrophes (“catastrophism”) but from slow and gradual processes which we can still see at work in nature. But if these processes had been uniform
over time, then they must have been going on for much longer periods of time than
just a few millennia! A growing number of geological observations were not compatible
with the “ﬂood model;” nor could they be explained by assuming a larger number of
local ﬂoods or other catastrophes. As a result of this, around 1840 almost all geologists
believed that the earth was at least millions of years old, and that it must have had a
long history before human beings appeared on the scene.
These geologists were anything but atheists who wanted to disprove the Genesis narrative. On the contrary, many of them were “Bible believing Christians.” If it had not been
for the sake of having to do justice to what they observed, they would most likely never
have abandoned their literal reading of the first chapters of Genesis. Lyell, for instance,
was a very religious man, who was opposed to Darwinian evolution because of the role
Darwin attributed to natural selection, and also to the view that humans had evolved
from the animals.22 Nor did geologists at the time typically have a liberal view of biblical
authority. Rather,
[m]any started out with a firm commitment to interpret Genesis as literal accurate history
(…). If the rocks of the earth had been consistent with a young earth and global flood
model, these scientists surely would have found it. Instead, the earth itself testified otherwise,
over and over again.23

Naturally, this raised the question—long before Darwin—how these observations could be
reconciled with the authority of the Bible.24 Tensions with regard to the interpretation of
the ﬁrst chapters of Genesis in the light of developments in the natural sciences thus
predate Darwin’s theory of evolution by several decades.
Lyell’s uniformitarianism—including its acceptance of the geological timescale—functioned as the essential background for Darwin’s theory of evolution. Darwin devoured
Lyell’s Principles. He had the first part with him during his journey on the Beagle and
used it to interpret his observations. In particular, Lyell’s uniformitarianism brought
Darwin to his gradualism: the view that life on earth had gradually developed from
simple to ever more complex forms. Darwin came to see the earth as the clock of evolution:
from the structure and sequence of the strata one could deduce the order in which various
species and other taxa had come into existence.
Estimations of the age of the earth rose to many hundreds of millions of years by the
end of the nineteenth century, and since the development of radiometric dating methods
in the twentieth century it has become firmly established that the earth and our solar
system are no less than 4.5 billion years old. The first traces of primitive forms of life
on earth seem to be slightly more than 3.4 billion years old.
Although these are no doubt dazzling figures, they are firmly grounded in the empirical
evidence—collected not only by geologists but also, independently, by astronomers.
Therefore, as far as we know, there are no scientists who challenge these data purely on
scientific grounds. The only people who do contest them, do so on religious grounds: some
Christians, Jews, and Muslims take their holy scriptures to affirm that the earth and the
universe are much younger. In this paper, we will restrict ourselves to Christians. Based
on their reading of the first chapters of Genesis, “young earth creationists” put the age
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of the earth at 6,000–10,000 years. They usually do not deny that the earth itself contains
very strong indications of a much greater age. Hence they try to explain why these indications are misleading. Let us briefly review the main proposals: (A) omphalism and (B)
flood geology.
(A) Omphalism, or the “appearance of age” theory, goes back to the British biologist
Philip Gosse (1810–1888), who was a committed and prominent member of the Plymouth
Brethren.25 As a scientist, Gosse was fully aware of the evidence for an old earth, but as a
believer he saw only one way to deal with this: God must have made the earth with everything in and around it as if it were many millions of years old.26
This idea, however, is theologically deeply problematic. We must assume that God’s
purpose in scattering the fossils through the earth’s strata was to mislead us. Through
highly detailed imprints of hundreds of thousands of animals and plants, God must be
supposed to have provided misleading evidence for the existence of life forms that
never existed. This is, of course, logically possible. However, from a Christian perspective,
it is difficult to reconcile with God’s moral perfection. Moreover, if God deceives us in
nature, how can we know that He does not also do so in Scripture? For such reasons,
most Christians—including most creationists—reject omphalism. In terms of our framework, we should say that its epistemic status is gratuitous.
(B) Although geologists had abandoned flood geology already in the eighteenth century
when it became clear that it could not be squared with the geological evidence, it received a
new boost in 1961 through the publication of The Genesis Flood by young earth creationists Whitcomb and Morris.27
From a scientific point of view, however, flood geology remains uncompelling.
Although catastrophes such as sudden huge floods will definitely have played a role in
the formation of strata, emergence of fossils, and so on, they do not explain the relevant
phenomena nearly as well as do more or less uniform processes of gradual erosion and
sedimentation over vast periods of time. For example, a deluge cannot elucidate how
the fossils came to be so neatly distributed over various layers. One would expect older
layers to contain especially traces of older and weaker organisms, who must have been
the first to get caught by the water in their flight uphill. But that is not the case. In
general, one would expect a much more chaotic pattern than we actually find. In numerous publications, the Reformed geologist Davis Young has painstakingly discussed the
ways in which flood geology is deeply flawed.28
We have seen that geologists had good reasons to drop flood geology as an attempt to
“save” a young earth already in the eighteenth century. They had no ideological interest in
promoting the geological timescale—many of them even regretted it because it appeared to
be at odds with their preferred reading of the biblical narrative. Still, they saw that there
was no other way and simply followed the evidence. In this connection, Young and
Stearly’s conclusion is worth quoting in full:
It is extremely improbable that future discoveries will lead the geologic community to revive
acceptance of a very young Earth. Yes, there have been great revolutions in scientific thought
in the past, and we should expect more of them in the future. However, it is futile for proponents of a young Earth to hope for such a revolution that would entail a complete reversal
from acceptance of an old Earth that itself resulted from a lengthy scientific revolution. (…)
Although some Christians might deny the evidence, turn a blind eye to the evidence or wish
that the evidence would just go away because they find it very uncomfortable, and no matter
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how many Scriptural verses they throw at the rocks, the evidence for Earth’s vast antiquity is
there—it is diverse, it is voluminous, and it will not vanish.29

In view of the above, we aver that the thesis of Historical Evolution is strongly beyond
reasonable doubt. Given the available evidence and the deeply problematic status of its
alleged competitors, it is far more reasonable to accept it than to withhold judgment. In
addition, the underlying view that motivated both omphalism and ﬂood geology,
namely that the Bible’s intended teaching is that the earth is no older than some 10,000
years, is highly controversial. Many theologians and biblical scholars have argued that
having a high view of the Bible’s authority does not commit one to a so-called literal
reading of the ﬁrst chapter(s) of Genesis.30 The discussion here concerns the proper
interpretation of the Bible, not its authority.
Still, some may suspect that those theologians and biblical scholars who turned to
alternative readings of Genesis did so because they first accepted Historical Evolution.
Though this is certainly not true in all cases, here again the scientific discussion easily
gets entangled with deep-seated religious disagreements. Therefore, we will not build
our case here (or in what follows) on any particular reading of the Bible. We grant,
however, that if someone believes on independent grounds that proper interpretation of
the Bible forces us to accept a young earth, this will affect the epistemic status attributed
to Historical Evolution and, by extension, to evolutionary theory’s other layers. As a
matter of fact, present-day young earth creationists admit that their interpretation of
the Bible is virtually the only ground on which they stand. For example, Nelson and Reynolds openly acknowledge that “[r]ecent creationists should humbly agree that their view
is, at the moment, implausible on purely scientific grounds.”31

4. Common Descent
Writing in 1991, the prominent evolutionary biologist Ernst Mayr (1904–2005) contended
that “(…) there is probably no biologist left today who would question that all organisms
now found on earth have descended from a single origin of life.”32 That was somewhat of
an exaggeration. Yet, he was certainly right that a great majority of scientists are deeply
convinced of the common ancestry of all life on earth. The evidence adduced comes
from a variety of scientific disciplines: biochemistry, comparative anatomy, geology, biogeography, paleontology, and genetics. Jointly, it strongly suggests that all forms of life are
ultimately related.33 The alternatives for Common Descent are (A) the theory according to
which all life-forms go back to several different “first” forms of life: life on earth arose at
more than one place, and at more than one time, and (B) the theory of special divine creation, according to which a number of basic species have been created “specially” and
“directly” by God.
Let us quickly review the evidence for the theory of common descent as it emerges from
(1) the fossil record, (2) the molecular clock, and (3) the genetic revolution.
(1) Evidence for common descent was not very strong when Darwin first proposed his
theory. At the time the gaps in the fossil record were much too large to offer significant
support for common descent. Darwin’s theory could very well have been rejected by the
scientific community on this ground if no new data had emerged. But exactly the opposite
happened. Enormous numbers of fossils were found, among which important transitional
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forms exemplifying the process by which organisms with one type of body plan gradually evolve into organisms with another type of body plan (e.g. from dinosaurs to
birds).34 At the same time, no fossil evidence was found that contradicted common
descent. For example, neither fossil remains of contemporary mammals have been
found in the Cambrium, nor fossil remains of dinosaurs and human beings in the
same layer of sediment.
Of course, this evidence alone does not unambiguously support Common Descent, as it
is compatible with multiple lines of descent, which do not all go back to a single ancestor. A
couple of things have to be taken into consideration here, however. First, given the fact
that fossilization occurs only under very special conditions and that it happens only
with life forms with hard parts such as a shell or bones, it is unsurprising that many
forms of life that once existed have not been found. The probability that a dead organism
is fossilized and then found after millions of years is extremely low. While this does not
offer further support for Common Descent, it does explain why the scarcity of transitional
forms should not be thought to count against it. Secondly, many forms of life that were
thus far unknown have been found in the fossil archive and continue to be uncovered
up to the present day. Among them are, as said, transitional fossils, reflecting crossspecies changes and even changes between more comprehensive classes of species.35
The existence of some of these species had been accurately predicted by evolutionary
scientists, including the earth layers in which they were supposed to be situated. Third,
the structure of the fossil archive offers further support:
Dinosaur fossils are found in rock between about 250 million and 65 million years old, but
not in rock older or younger. Human fossils are found only in top rock layers. The order of
fossils is consistent from location to location, with particular combinations of fossil species
consistently found in rock of similar date. Complex life does not occur in the geological
record before the oldest, simplest cellular life.36

We do not have enough fossils to reconstruct all evolutionary changes that have ever
occurred, and never will. What we do have, however, is enough to give us a general
picture of the development of life and to enable scientists to make a tree of life,
showing which species evolved from which other species and when.37
A further part of the testimony of the fossil record are homologies, that is, similarities in
anatomical structures across species. Common Descent offers a very simple and attractive
explanation of why this should be so: species with similar anatomical structures have
evolved from one another. Again, by themselves homologies do not establish Common
Descent. After all, Frank Lloyd Wright’s buildings have many analogous structures, but
this does not suggest that they descend from a common ancestor.
Whether Common Descent is, all things considered, the best explanation depends on
how good the alternatives are. Alternative (A), one might think, explains the evidence of
the fossil records nearly as well as Common Descent. For all the evidence shows, there may
have been several initial forms of life from which all others arose. However, postulating
one first form of life is simpler than several “first” forms—and this may be a theoretical
reason for preferring common ancestry over (A). Alternative (B), special divine creation,
may be thought to be capable of explaining the homologies nicely, on the assumption that
God may well have endowed unrelated forms of life with analogous structures. However,
there is more evidence to be considered.
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(2) Further evidence came from biochemical research that led to the discovery of the
“molecular clock” of evolution in the early sixties of the twentieth century.38 Many biomolecules (such as nucleotide sequences in DNA and amino acid sequences in proteins) have
a more or less constant mutation rate. This makes it possible to deduce from the number
of molecular differences in various organisms how long ago their species or other taxa
must have split.39 Although this method must be used cautiously because particular molecules may in fact vary their rates of change over time, it turned out that mistakes could be
compensated for by examining several molecules rather than only one.40
Taken on its own, the molecular clock only tells us something about the relative time
distances between various lineage-splittings. Absolute dates can be assigned, however,
once the molecular clock is calibrated against independent evidence from the fossil
record. It turned out to be possible to calculate the age of many fossils, using a number
of methods (most of them based on radioactivity) to date the age of the strata in which
they were found. Tellingly, these different methods yield the same ages.41 Again, we
should note that the molecular clock by itself does not clearly rule out (A) or (B).
(3) The most telling evidence for Common Descent emerged in modern genetics.
During the first half of the twentieth century, scientists tried to establish which molecules
were responsible for the patterns of inheritance that the Augustinian monk Gregor
Mendel (1822–1884) had established in his experiments on pea plants, and which
turned out to be more generally observable. Mendel had shown that physically discrete
units must be at work here—units that from 1909 onwards would come to be called
“genes.” The search for these units led to the discovery of chromosomes, genes, and
finally (in 1944) DNA. It now became clear where the source of variation within populations, which Darwin had tried to track down in vain, was situated: the molecular basis
for evolutionary changes was to be found in DNA-molecules.
Later research revealed that the genomes—the entire DNA—of various species and
other taxa have more in common with each other when they are more closely related
in the tree of life. For example, the genomes of various trout species have more in
common with each other than with those of other fish, the genomes of fish are more
similar to each other than to those of mammals, and so on. Especially during the last
decades our knowledge of the genomes of humans, animals, and plants has increased
rapidly.
The human genome, encoded in approximately three billion “letters,” was successfully
sequenced in 2003, in a project co-led by world-renowned geneticist and theistic evolutionist Francis Collins. Comparisons of the human genome with animal genomes
show suggestive patterns of similarities and differences.42 For example, we are genetically
close cousins of chimpanzees. The natural interpretation of these patterns is that the more
similar the genes of two life-forms, the more recent their common ancestor must be.43
Thus, the genetic revolution made it possible to reconstruct the tree of life without
recourse to fossils. It is particularly striking how precisely the “distances” between
various forms of life as calculated from the fossil record were confirmed by the genetic
data that became available. Christian geneticist Denis Alexander concludes that
“modern genetics has established our common inheritance with the apes beyond any
reasonable doubt.”44
It is this evidence in particular which suggests that (A), the idea that life arose in more
than one place and at more than one time, is uncompelling. On that hypothesis, we should
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have seen signs, not of a single tree of life, but of a modest “forest of life” with multiple
points of origin. Someone may protest that, strictly speaking, the possibility that different
“first” forms of life capable of producing joint offspring emerged in the same habitat is still
open.
But this is not really an alternative. Rather, it is simply how Common Descent is typically understood: due to more or less unique selection pressures in a certain habitat various
organisms belonging to a new species emerge in it within a certain period of time. In terms
of our framework, then, we should say that (A) is at present at least unacceptable and
perhaps worse.
As to (B), the theory of special creation, this is sometimes specified by its friends as a
“theory of common function,” so as to present a clear alternative to Common Descent.
Could not the Creator have endowed species with similar genes in order to ensure that
they would have similar bodily structures and functions? In that case, we should of
course expect humans and chimpanzees to share a much larger part of their genome
than, say, humans and mice.
There are, however, two problems with this view. First, there is no direct relation
between genes and bodily functions. The gene sequences of flying animals like bats, for
example, are more similar to those of mice and rats than to those of birds. Secondly,
the theory of common function can hardly account for so-called pseudogenes which are
also part of genomes.
Pseudogenes are stretches of DNA that are similar to ordinary genes, except for the
fact that they have defects, as a result of which they are dysfunctional in that they are
unable to make any useful proteins. The Haarsmas describe a well-known example.
For many mammals the gene that allows them to make vitamin C is essential, since
they cannot live without it. Chimps, however, do not need this gene because they eat
a lot of fruit.
Yet chimps do have a pseudogene for Vitamin C located at the same spot on the genome
where most mammals have a functional gene for Vitamin C. The pseudogene has no function, yet it’s in their genome. This makes sense if chimps share a common ancestry with other
mammals. They inherited the Vitamin C gene from their distant ancestors, but sometime in
the more recent past (…) their ancestors had a mutation that turned it into a pseudogene.
Because their ancestors were already living on fruit, the loss of the gene’s function was not
fatal.45

Proponents of common function could try to account for this by proposing that the
Creator must have planted misleading “molecular fossils” in our bodies—similar to the
“appearance of age” theory we encountered earlier. But this suggestion has the same troubling theological consequences.46 Another escape is to suggest that pseudogenes might
have functions after all, most of which are unknown to us at present. Indeed, recent
research has shown that some pseudogenes have functions other than coding for
protein production.47 Even apart from the fact that said research also concluded that
some of these functions were newly acquired, it seems very premature to suggest that
over 14,000 pseudogenes that have been detected in the human genome will turn out to
be functional after all. But even if that were the case, this would by no means decisively
favor the theory of common function. After all, the other evidence for Common
Descent would remain as strong as it was.
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We conclude that the epistemic status of Common Descent is perhaps not quite as
strong as that of Historical Evolution, since the evidence in its favor—impressive as it is
—is all more or less indirect. Nevertheless, Common Descent must be deemed to have
a strongly positive epistemic status. We suggest that it is at least beyond reasonable
doubt in a weak sense.

5. Darwinian Evolution: Natural Selection
The textbook example of natural selection relates the story of the peppered moth in Manchester and other industrializing places in northwest England during the second half of the
nineteenth century. Before the industrial revolution, most of these moths were white (or,
in fact, patchy); dark specimens were rare. By the end of the nineteenth century, however,
the dark variety was reported to comprise 95% of the total population of peppered moths
in Manchester. As a result of emissions by newly built factories, the widespread lightcolored lichens had died and disappeared from the trees, leaving these trees with their
darker color. Before, the light moths could hide from predating birds on the blotchy
tree barks, but now the black moths became hard to spot and thus came to dominate
the population quickly. Attempted replications of this process have long been contested,
but recently succeeded.48
This example of natural selection in action continues to be one of the clearest cases,
showing the typical roles played by phenotypic variation, inheritance, and adaptation.
Since the light-colored pepper moths were less well adapted to their environment at the
time, the number of them that made it to the stage of reproduction diminished,
whereas the dark-colored moths survived to that stage more often, as a result of which
they could transmit their hereditary traits to the next generation. The example illustrates
how natural selection favors organisms that are best adapted to their environments.
Indeed, the pivotal idea behind Natural Selection is that the better an organism is
adapted to its environment, the greater its chance of survival.
Reproducing organisms do not produce exact copies of themselves. Children differ
from their parents and from each other. One source of differentiation between offspring
from the same parents is what biologists refer to as “random genetic mutation:” changes in
genetic material caused by inaccurate copying or exposure to external agents such as
chemicals or radioactivity. Natural selection works on these differences. If one sibling
has trait A, whereas another sibling lacks it, and trait A gives its possessor a greater
chance of survival, then the first sibling will have a greater chance of survival (and
hence of producing more offspring).
Natural Selection, as formulated in Section 3, is the thesis that the development of all of
life’s diversity can be satisfactorily explained by natural selection acting upon some source
of random variation such as random genetic mutation. That natural selection thus understood plays some role in the development of life forms is not denied by anyone. Creationists, however, typically restrict its scope to what they call micro-evolution: relatively minor
changes that develop within species. Adherents of the neo-Darwinian account of evolution, by contrast, reject any distinction between micro- and macro-evolution, and
claim that natural selection explains the full spectrum of life’s diversity. As the Christian
biologist Theodosius Dobzhansky famously put it: “Nothing makes sense in biology except
in the light of evolution.”49
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Among those who reject the distinction between micro- and macro-evolution, however
there is serious disagreement about the nature and explanatory potential of natural selection. Not everyone understands its workings in the same way, nor is it universally agreed
upon that it is the sole mechanism driving evolutionary change. In fact, contemporary
biology is far from a monolithic unity.50 For example, it is debated what the units of
natural selection are: “selfish” genes (as Richard Dawkins had it), individual organisms
and groups (as Darwin thought), or perhaps even entire species (as Stephen J. Gould
suggested). The pace of evolutionary transformations is controversial: are they slow and
continuous or are there periods of equilibrium, in which species are mostly stable, alternated by periods of sudden outbursts of change in which new species appear relatively
rapidly?51 Other discussions focus on whether natural selection is really responsible for
all of life’s diversity, or whether other natural mechanisms are involved as well.52
Orthodox neo-Darwinians remain convinced that natural selection is the primary
mechanism behind evolutionary change, including the emergence of new species. Skeptics
deny this. They think that other natural mechanisms play a non-negligible role. Some of
these are relatively uncontroversial, such as sexual selection and genetic drift.53 Others,
however, are more disputed. Fowler and Kuebler distinguish eight such disputed theories:
punctuated equilibrium, hierarchical selection, exaptation, neutral theory, evo–devo
explanations, morphogenic fields, self-organization, and endosymbiosis.54 Many of
these proposals are intended to complement the mechanism of natural selection, but
some leave only a minor role for it.55
When discussing Historical Evolution and Common Descent above, we looked at the
main competitors of these theories. We cannot repeat this procedure here with regard
to Natural Selection, however, since there are simply too many alternative and complementary proposals. We observe, however, that at the moment the biological community
is unable to reach agreement on their significance and scope. Therefore, it seems fair to say
that we just do not know to what extent the theory of natural selection is sufficient for
explaining the current biological diversity on our planet.56 This has important consequences for the epistemic status of Natural Selection. Although we take it that the claim
that natural selection plays some role in the evolution of life on earth is strongly beyond
reasonable doubt, the same cannot be said for Natural Selection, that is, the thesis that
natural selection alone gives a satisfactory explanation of all of life’s diversity. The fact
that it is the traditional view perhaps generates some presumption in its favor, but in
view of the many additional and competing accounts that are on offer in contemporary
biology, it should not be accorded a higher status.
What is important to see, however, is that these controversies do nothing to cast doubt
on the earlier two layers of evolutionary theory. They should certainly not be taken as indications that evolutionary theory as a whole is “a theory in crisis.” For even if, against all
odds, natural selection were shown to be virtually irrelevant to the course of evolution,
Historical Evolution and Common Descent would remain untouched. Although some
argue that controversies over the explanatory potential of natural selection backfire on
the credibility of Common Descent,57 we note that the evidence for Common Descent
summarized above is unaffected by controversy about the role of natural selection.
One final consideration deserves attention. It is sometimes argued, by theists and atheists58 alike, that Darwinian evolution does not sit well with theism because the randomness
of mutations rules out an essential tenet for most theists, to wit all forms of teleology in the
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sense of divine guidance or providence. If that is correct, theists would have a further
reason to take a dim view of Natural Selection and adopt a more negative epistemic attitude. It seems to us, however, that this line of thought is mistaken, for it is based on a misunderstanding of what “randomness” in biology means. If its meaning were to exclude any
overarching form of guidance and supervision over the development of life, then there is
indeed a deep conflict between Natural Selection and theism.59 In fact, however, the randomness of mutations means something more specific and limited. Echoing widely used
biology textbooks, the philosopher of biology Elliott Sober puts it like this: it means that
“there is no physical mechanism (either inside of organisms or outside of them) that
detects which mutations would be beneficial and causes them to occur.”60 Thus understood, however, the randomness of mutations is compatible with divine guidance of the
evolutionary process. Hence there is no reason why theists should be critical of natural
selection.

6. Conclusion
Where does all this leave us? We hope to have shown that it makes little sense to speak in a
general and unqualified manner about the merits or problems of “the theory of evolution.”
The theory has at least three layers or parts, which ought to be distinguished, not only for
analytical purposes, but also because there are very different strands of evidence bearing
on them. Hence, the epistemic standing of these three layers differs considerably. Historical Evolution, which includes claims about the age of the earth and historical appearance
of increasingly complex life forms, is strongly beyond reasonable doubt. It is supported by
mutually reinforcing independent strands of strong evidence. Creationist claims that
compete with it have very little going for them and are plagued by theological problems.
Roughly the same goes for Common Descent. Here, too, there are strong and independent
strands of evidence all indicating that it is very likely that all life forms ultimately go back
to a common ancestor. Competing claims are again highly problematic. Since the evidence
is a bit more circumstantial than that for Historical Evolution, we should perhaps say that
Common Descent is weakly beyond reasonable doubt. Things are different with Natural
Selection, however. While there can be little doubt that the mechanism of natural selection
operating on random mutations is one of the forces that drive evolution, it is controversial
in contemporary biology whether it is the only or most important one. Hence, the thesis of
Natural Selection as we have formulated at best has some presumption in its favor, as it has
long been the orthodox view.
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