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Canadian philosopher of 
science Michael Ruse be-
lieves that the process of 
natural selection “strikes 
right to the heart of our be-
ing” (p. 149). His book, Un- 
derstanding Natural Selec-
tion, while not always light 
reading, is a useful short 
outline of the theories, his-
torical contexts, and dis-
agreements within the field 
of evolutionary biology. It is opinionated and pep-
pered with the occasional polemic and many en-
tertaining quips. For instance, on the calculation of 
kin selection benefits for survival, Ruse reminds his 
readers of geneticist J.B.S. Haldane’s comment that 
“I would lay down my life for two brothers or eight 
cousins” (p. 98).

Charles Darwin’s centrality lies in his theory of 
evolution—laid out in On the Origin of Species (John 
Murray, First Edition 1859)—which today is accepted 
in biology as near fact. When Darwin first formed his 
theory, he borrowed from the social sciences, includ-
ing economist Adam Smith’s ideas about the division 
of labour (p. 8). This perspective, Ruse suggests, was 
incorporated into Darwin’s theory that species will 
adapt to fill a variety of ecological niches and then 
spread (speciate) into a Tree of Life. Darwin “was 
ever a Lamarckian” (p. 4) and, although he found that 
approach an insufficient explanation for diversity with 
modification among species, he did believe acquired 

characteristics could be inherited and passed on. He 
was also inspired by Thomas Malthus’s observations 
about exploding human population growth outpac-
ing slower production of consumable resources. Dar-
win “incorporated this argument in its entirety into his 
theory” of the struggle for existence (p. 6).

In his studies of pigeons, and later barnacles, Dar-
win came to ask whether over “the course of thou-
sands of generations” individuals having an “advan-
tage, however slight, over others, would have the best 
chance of surviving and of procreating their kind?” 
(p. 7). Then his moment of clarity: “This preservation 
of favourable variations and the rejection of injurious 
variations, I call Natural Selection” (p. 7).

Ruse reminds us that Darwin, absent a gene-based 
Mendelian explanation (more on Mendel below), 
faced many obstacles proving his theory, such as try-
ing to explain how sterile family members (certain 
insects, for example) could contribute to a commu-
nity’s survival. More problematic was the “extreme 
imperfection of the geological record” (p. 14)—a 
problem that persists today. But, as for transitional 
forms, Darwin’s view was that if what was available 
in nature was good enough to afford an evolution-
ary advantage even if “not necessarily the best pos-
sible [structure] under all possible conditions” (Dar-
win 1872: 101) then it held explanatory power. He 
thought transitional forms were rare to begin with, 
and therefore hard to find. Yet, even this low expec-
tation of the fossil record was unsatisfactory to him: 
“To the question why we do not find rich fossiliferous 
deposits belonging to these assumed earliest periods 
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prior to the Cambrian system, I can give no satisfac-
tory answer” (Darwin 1872: 197).

This conundrum would continue to generate ex-
planatory models from other theorists. One promi-
nent proposal, punctuated equilibrium, was offered 
by Niles Eldredge and Stephen Jay Gould in 1972. 
They argued that the fossil record should be taken at 
face value. Fossil evidence of transitional forms is 
rare or absent because speciation often happens rel-
atively suddenly, not gradually. “Speciation is a rare 
and difficult event that punctuates a system in homeo-
static equilibrium” (Eldredge and Gould 1972: 115). 
Ruse writes that their theory “doesn’t necessarily 
deny Darwinian forces” (wrongly implying, it seems 
to me, that this was the authors’ intention; p. 92). In 
their view, rather, it was “extremely improbable that 
we shall be able to trace the gradual splitting of a lin-
eage merely by following a certain species up through 
a local rock column” (Eldredge and Gould 1972: 94).

As he sailed on The Beagle around the globe, Dar-
win read Charles Lyell’s recently published Princi-
ples of Geology (John Murray, 1830–1833), and it 
led him towards a more deistic (non-interventionist) 
explanation for species diversity (p. 30). (Darwin had 
studied theology at the University of Cambridge, but 
under the influence of biologist Thomas Huxley, he 
would turn towards agnostic views later in life.) Dar-
win had begun to pursue a “naturalistic solution to 
the origins question” (p. 30), and Lyell provided a 
uniformitarian (a continuous and unvarying process) 
approach to geological change. A significant inspira-
tion also came from observing finches on the Galá-
pagos Islands, where he noticed birds that were simi-
lar in appearance but also slightly different from each 
other. “Darwin did not know what causes variations, 
how frequent they are, what different kinds they are, 
and crucially what happens to variations during repro-
duction” (p. 37).

Mendelian factors—which we now call genes—
were the significant breakthrough in the mid-1860s 
that later revealed the primary source of species varia-
tion. (While friar Gregor Mendel knew of Darwin, the 
reverse wasn’t true.) Mendel saw that species traits 
were not necessarily found blended in offspring, but 
dominant or recessive attributes offered by both par-
ents could be retained and passed on even if not vis-
ibly expressed (p. 57). Population geneticists would 
come to the fore in the 1930s and begin the synthesis 
of Darwinian natural selection and Mendelian genet-
ics (pp. 60–61). While mutations are the building 
blocks of evolutionary change, in Ruse’s determined 
view the course of evolution is still directed by “natu-
ral selection or nothing” (p. 61).

Harder to follow is Ruse’s outline of neo-Dar-
winian genetic drift, which doesn’t rely on adaptive 

advantage but dynamic equilibrium whereby there is 
primarily group and not individual selection. He finds 
wanting the idea that random genetic drift (rather than 
selective factors such as heat and humidity) could be 
a primary causal evolutionary mechanism, where 
“some form of group selection pass[es] the successful 
genes through the whole population” (p. 112).

Theodosius Dobzhansky’s (1937) book Genetics 
and the Origin of Species is acknowledged by Ruse 
as “arguably the most important—certainly the most 
influential—book on evolutionary theory in the twen-
tieth century” (pp. 70–72). Dobzhansky, through his 
work on fruit flies, showed how seasonal ecological 
conditions, such as food scarcity, forced genetic fluc-
tuations and significantly influenced the life cycles of 
small, isolated populations.

A most interesting chapter in Ruse’s book is 
devoted to whether Darwinian natural selection is the 
primary driver of evolution. Ruse explores whether 
that mechanism can lead to speciation (macroevolu-
tion) and not only variation within a species (micro-
evolution). Darwin dismissed the term “species” 
(even in the sixth edition of Origin) as something 
“given, for the sake of convenience, to a set of indi-
viduals closely resembling each other, and that it 
does not essentially differ from the [similarly arbi-
trary] term variety which is given to less distinct and 
more fluctuating forms” (Darwin 1872: 37). Today, 
however, Maize (Zea mays), fruit fly, and Greenish 
Warbler (Phylloscopus trochiloides) examples pro-
vide more evidence of how new (reproductively iso-
lated) species develop. Similarly, the rate of evolution 
can be sped up through species seclusion on remote 
islands (pp. 93–94). This is still a difficult thing to 
directly observe, except for in viruses, and much of the 
solid evidence is found fossilized in layers of rock or 
in gene sequence analysis. For Darwin, if a hypothe-
sis “explains many phenomena it comes in time to be 
admitted as real” (p. 86). Ruse argues that newer stud-
ies of Galápagos finches, sticklebacks, mosquitoes, 
and the fruit fly species Apple Maggot (Rhagoletis 
pomonella) have provided further proof that “in short 
pieces of time, you can get changes that any reason-
able person” will acknowledge to be speciation (p. 95).

Major Debate—The Spandrels Paper
While Ruse’s own prominence rose during the 

anti-creationist battles in public schools in the 1980s, 
he only peripherally mentions this fight in the con-
text of evolutionary biologists putting aside their dis-
agreements to form a united front against evolution 
deniers. Then, about two-thirds into the book, Ruse 
enters the divisive debate over adaptationism. This 
is an important subject area because it illuminates 
how we interpret intermediary forms and functions in 
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evolution. Ruse refers to the very influential “Span-
drels Paper” (Gould and Lewontin 1979). Its authors, 
Gould and Richard Lewontin, argued that some bio-
logical features are incidental by-products (like the 
ceiling spaces called spandrels formed by happen-
stance in domed cathedrals), which should not be con-
fused with other functions that provide actual evolu-
tionary adaptive advantages. They were appealing to 
evolutionists to provide more rigorous explanations 
for visible features and to avoid ad hoc ‘just-so sto-
ries’. (A well-known illustration of this is that the 
human nose did not evolve to hold eyeglasses, despite 
appearances, but for smell.)

Ruse is dismissive of Gould and Lewontin (1979). 
He sees their argument as a “general critique of Dar-
winism” and evidence that they were arguing against 
natural selection being primary in evolution (pp.108–
109). Michael Rose and George Lauder were more 
generous (in 1996), describing the maligned Span-
drels Paper as an important critique of the kind of 
adaptationist thinking that had become prevalent in 
biology:

All features of organisms are viewed a priori as 
optimal features produced by natural selection 
specifically for current function. Instead, Gould 
and Lewontin advocated for a more pluralistic 
view of evolutionary investigation, recognizing 
that traits may arise [my emphasis] by other 
means than natural selection. (Rose and Lauder 
1996: 1)
This was also related to the “5% of a wing” prob-

lem. The adaptive advantage of wings (for flying) is 
obvious, but what about the intermediate stages of 
pre-wings—how do they provide adaptive advan-
tage? This had been a challenge for Darwin, too, and 
he responded to critics in updated editions of On the 
Origin of Species. He said that there were intermedi-
ary functions for proto-wings other than flight. Redun-
dancy provides both a capacity for each appendage or 
organ to work in more than one way (for example, the 
air sac of fish) and for functions to be performed by 
more than one functional element (Darwin 1872: 125).

While the Spandrels Paper has had supporters and 
detractors, Ruse’s dismissive critiques of Gould and 
Lewontin continues relentlessly throughout the book, 
right to the bitter end (pp. 105–109, 116, 135–138, and 
152). On the last page he writes that, in the Spandrels 
Paper, Gould and Lewontin “notoriously” reduce nat-
ural selection “to a mere clean-up role. This is sim-
ply not true” (p. 152). A more conciliatory approach 
is that adaptation is not the sole determinant of evo-
lution and does allow for structural restrictions. Plu-
ralists (such as Gould and Lewontin) are also right to 
argue that “the correct evolutionary explanation may 

not even include natural selection for the trait” (Stan-
ford 2010). Similarly, Rasmus Nielsen wrote that 
while the Spandrels Paper “did not spell the end to 
adaptationist storytelling” much was learned (Nielsen 
2009: 2487). Evolutionary biologists are “more reluc-
tant to invent adaptive stories without direct evidence 
for natural selection acting on the traits in question” 
(Nielsen 2009: 2487). The last words go to Gould, 
who published in the final year of his life that Darwin-
ian selection has been “overwhelmingly validated, 
both empirically and theoretically as a dominant 
mechanism of evolutionary change in populations at 
generational timescales” (Gould 2002: 1322).

The Idea of Progress
Seeing evolution as a linear progression from slug 

through chimp, with humans at the apex, is no lon-
ger in vogue. Although, as Ruse writes, denying any 
hierarchy is “taking animal rights activist Peter Singer 
too seriously” (p. 117). But, it is still presumptuous 
in biological terms to anoint humans as “superior to 
every possible virus that might strike” us (a reflec-
tion derived from our COVID-19 era; p. 117). Darwin 
had a mixed view about this subject, too. At one point 
he dismissed any “absolute tendency to progression” 
but did not deny that there were “higher animals”, nor 
specialization that led (for example) to advancement 
of the brain where “natural selection clearly leads 
towards highness” (pp. 117–118).

Ruse closes with an interesting discussion. Evolu-
tionist Alfred Russel Wallace wrote to Darwin to rec-
ommend that he address the problem of the phrase 
“natural selection” being misinterpreted as meaning 
a kind of mastermind or higher intelligence that was 
in charge. Herbert Spencer’s term was proposed (and 
accepted) as an alternative, but “survival of the fit-
test” would forever face the charge of being a tautol-
ogy. And besides, as Ruse notes, it is actually “repro-
duction that matters, not survival, and it is fitter that 
counts, not fittest” [my emphasis] (p. 130). Philoso-
pher Karl Popper pointed out that the same goes for 
the word “adaptation”, another tautological suspect: 
to be adapted for is simply to not be eliminated in the 
survival Olympics (pp. 129–131). Another approach 
is to see natural selection not as a causal agent at all, 
but just the statistical way we see species living on 
or dying out. “Natural selection is simply keeping 
score” (p. 133). But causes aren’t real things either, 
Ruse muses. They only provide conceptualization 
that helps us explain the world to ourselves, which 
is why the phrase “natural selection” does so well in 
describing how evolution works.
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