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End Notes

1.

Indeed, if kakapo are the result of Intelligent Design, the
designer was not very far-sighted.

. Summarized in R. M. Anderson and R. M. May, Infectious

Diseases of Humans: Dynamics and Control (Oxford: Oxford
University Press, 1991).

. Summarized in P. Ewald, Evolution of Infectious Disease (Ox-~

ford: Oxford University Press, 1984).

. J. R. Krebs and N. B. Davies (eds.), Behavioural Ecology: An

Evolutionary Approach (Oxford: Blackwell, 1978; 2nd edn.,
1984); An Introduction to Behavioural Ecology (Oxford:
Blackwell, 1981). Like Dawkins, Krebs and Davies were ani-
mal behaviourists, with the consequence that the field came
to be called behavioural ecology. This is something of a
misnomer; selfish genery extends way beyond behaviour.

. W. D. Hamilton, ‘Extraordinary sex ratios’, Science, 156

(1967): 477-488.

. Winner of the 1902 Nobel Prize for his verification of Man-

son’s prediction that mosquitoes transmitted malaria. R.
Ross, Memoirs (London: John Murray, 1923).

. A. F. Read, A. Narara, S. Nee, A. E. Keymer, and K. P. Day,

‘Gametocyte sex ratios as indirect measures of outcrossing
rates in malaria’, Parasitology, 104 (1992): 387-395.

. A. F. Read, M. Anwar, D. Shutler, and S. Nee, ‘Sex allocation

and population structure in malaria and related parasitic
protozoa’, Proceedings of the Royal Society of London Series
B, 260 (1995): 359-363.

Things have moved on since this work; for reviews aimed
at (i) evolutionary biologists or (ii) parasitologists respec-
tively, see (i) A. F. Read, T. G. Smith, S. Nee, and S. A. West,
‘Sex allocation in microorganisms’, in I. Hardy (ed.), Sex
Ratios: Concepts and Research Methods (Cambridge: Cam-
bridge University Press, 2002), 314-332, and (ii) S. A. West,
S.E.Reece, and A. F. Read, ‘Gametocyte sex ratios of malaria
and related apicomplexan (protozoa) parasites’, Trends in
Parasitology, 17 (2001): 525-531.

Yo



BOPRNRTATY

10. The primary papers here are: (i) S. Gandon, M. J. Mackinnon,

11.

12.

S. Nee, and A. F. Read, ‘Imperfect vaccines and the evolu-
tion of pathogen virulence’, Nature, 414 (2001): 751-756,
and (ii) J. C. de Roode, R. Pansini, S. J. Cheesman, M. E. H.
Helinski, S. Huijben, A. R. Wargo, A. S. Bell, B. H. K. Chan, D.
Walliker, and A. F. Read, ‘Virulence and competitive ability
in genetically diverse malaria infections’, Proceedings of the
National Academy of Sciences USA, 102 (2005): 7624-7628.
For an overview of our virulence work, see (i) M. J. Mackin-
non, and A. F. Read, ‘Virulence in malaria: An evolutionary
viewpoint’, Philosophical Transactions of the Royal Society
of London Biological Sciences, 359 (2004): 965-986, and (ii)
A. F. Read, S. Gandon, S. Nee, and M. J. Mackinnon, ‘The
evolution of pathogen virulence in response to animal and
public health interventions’, in K. Dronamraj, (ed.), Infec-
tious Disease and Host-Pathogen Evolution (Cambridge:
Cambridge University Press, 2004), 265-292,

L. H. Taylor, and A. F. Read, ‘Why so few transmission
stages? Reproductive restraint by malaria parasites’, Para-
sitology Today, 13 (1997): 135-140.
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End Notes

1. Edward O. Wilson, Sociobiology: The New Synthesis (Har-
vard, MA: Harvard University Press, 1975).

2. The sociobiology controversy and its broader scientific and
political context are described in Ullica Segerstrale, Defend-
ers of the Truth (Oxford and New York: Oxford University
Press, 2000). This book, based largely on interviews with
the main actors and their colleagues, follows the debate
from 1975 to 2000.

3. Richard Dawkins, The Selfish Gene (Oxfnrd and New York:
Oxford University Press, 1976).

4. Sacrificing one’s life is not the only way to altruism. An-
other is foregoing reproduction, as is the case with the
worker caste in many social insects. One of Hamilton’s
prime examples of the workings of his rule was in fact
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the explanation why it makes sense for the workers of
Hymenoptera to help raise the queen’s offspring instead
of their own. The reason is the unusual coefficient of rela-
tionship (3/4) that arises in certain Hymenopteran species
between the queen and workers, because they are sisters
under haplodiploidy. In such a species the workers are
more closely related to the queen (3/4) than to their own
daughters (1/2). (Because of the vividness of this example,
many initially came to believe that the idea of kin selection
applied especially, or exclusively, to Hymenoptera.) As for
Haldane, according to John Maynard Smith, ‘there is no
reason to think that Haldane thought the idea more than
entertaining’. He goes on to say that Haldane did publish
a version of this kin aphorism ‘as a throw-away paragraph
in a popular journal’ (New Biology, 18 (1955): 34), but never
mentioned it in a lecture, and never followed it up (Maynard
Smith, letter to Bill Hamilton, 14 November 1980).

. William D. Hamilton, ‘The genetical theory of social be-
havior’, I and 11, Journal of Theoretical Biology, 7 (1964):
1-16; 17-32, and ‘The evolution of altruistic behavior’, The
American Naturalist, 97 (1963): 354-356.

. For a discussion of Neo-Darwinism and the Neo-Darwinian
or Modern Synthesis, see e.g. Ullica Segerstrale, ‘Neo-Dar-
winism’, in Mark Pagel (ed.), Encyclopedia of Evolution (Ox-
ford: Oxford University Press, 2002), 107-110. The synthe-
sis took place in two steps. First there was the unification of
Darwinism and Mendelianism in the 1920s and 1930s, un-
der R. A. Fisher, J. B. S. Haldane, and Sewall Wright (whereby
evolutionary principles were rewritten in the language of
population genetics). Later the synthesis was expanded to
other fields of biology, such as systematics, paleontology,
and even botany. Some of the chief architects of this sec-
ond stage were Ernst Mayr, Theodosius Dobzhansky, and
Gaylord Simpson. The synthesis was largely finished in
1950, but not everybody was happy with the results (see
e.g. Niles Eldredge, The Unfinished Synthesis (New York:
Oxford University Press, 1985)).
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13.

14.
15.
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. Edward O. Wilson, Naturalist (Washington, DC: Island Press,

1994), 330.

. Edward O. Wilson, ‘A consideration of the genetic founda-

tion of human behavior’, in G. W. Barlow and ]. Silverberg
(eds.), Sociobiology: Beyond Nature/Nurture? AAAS Selected
Symposium 35 (Boulder, CO: Westview Press, 1980), 295-
306.

. See Segerstrale, Defenders of the Truth (2000), 365 ff.
10.
11.

See Segerstrale, Defenders of the Truth (2000), 23-24.

See Segerstrale, Defenders of the Truth (2000), Chapters 10
and 11.

Wilson starts his book Sociobiology as follows:

Camus said that the only serious philosophical
question is suicide. That is wrong even in the strict
sense intended ... Self-existence, or the suicide
that terminates it, is not the central question
of philosophy. The hypothalamic-limbic complex
automatically denies such logical reduction by
countering it with feelings of guilt and altruism.
In this one way the philosopher’s own emotional
control centers are wiser than his solipsist con-
sciousness, ‘knowing’ that in evolutionary time the
individual organism counts for almost nothing.

Edward O. Wilson, Consilience: The Unity of Knowledge (New
York: Alfred Knopf, 1998).

Wilson, Sociobiology: The New Synthesis (1975), 63.
Hamilton’s Rule is to be found in Hamilton ‘The evolution
of altruistic behavior’ (1963). Kin selection was seen as the
answer to the problem of altruism, which previous expla-
nations in terms of group selection had not been able to
resolve. In Maynard Smith’s authoritative presentation, kin
selectionist explanation became the alternative to the then
prevailing group selectionist paradigm. Maynard Smith re-
garded group selection (selection between groups of altru-
istic individuals, individuals in each group acting ‘for the
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17.

18.
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good of the species’) as a possible but unlikely phenom-
enon: altruists within a group would not have the chance
to band together before getting out-competed by selfish
group members. Dawkins’ The Selfish Gene also reflects
this view of kin selection replacing group selection. This
view was taken for granted in the new gene-selectionist
paradigm emerging triumphant in the wake of post-war
‘good for the species’ talk. (Ironically, and seldom recog-
nized, is that in the 1970s Hamilton himself came to regard
kin and group selection not as antithetical, but rather as
part of a continuum; see especially William D. Hamilton,
‘Innate social aptitudes of man: An approach from evo-
lutionary genetics’, in R. Fox (ed.), Biosocial Anthropology
(New York: John Wwiley & Sons, 1975), 133-157. For later
attempts to resurrect group selectionist thinking, see e.g.
Elliot Sober and David Sloan Wilson, Unto Others. (Cam-
bridge, MA: Harvard University Press, 1998)).

Robert L. Trivers, ‘The evolution of reciprocal altruism’,
Quarterly Review of Biology, 46 (1971): 35-57; Robert L.
Trivers, ‘Parental investment and sexual selection’, in B.
Campbell (ed.), Sexual Selection and the Descent of Man
(Hawthorne, NY: Aldine, 1972); Robert L. Trivers, ‘Parent-
offspring conflict’, American Zoologist, 14 (1974): 249-264;
John Maynard Smith and George Price, ‘The logic of animal
conflict’, Nature, 246 (1973): 15-18.

George C. Williams, Adaptation and Natural Selection
(Princeton, NJ: Princeton University Press, 1966).

This is a good example of how a new way of thinking can
open up a whole new line of research, something that has
been recognized even by contemporary critics of the gene-
selectionist paradigm. For instance, according to Niles
Eldredge in 1995, Dawkins had been ‘enormously good
for the profession’ and gene-selectionism started a whole
‘kitchen industry’ which ‘gave lots of people lots of work’
(Niles Eldredge, ‘A battle of words’, in J. Brockman (ed.),
The Third Culture (New York: Simon & Schuster, 1995),
119-125).
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19. For a discussion of group selection versus kin selection,
see note 15.
Wilson says the following about Hamilton'’s idea of kin
selection (or inclusive fitness):

The Hamilton models are beguiling in part because
of their transparency and heuristic value. The co-
efficient of relationship, r, translates easily into
‘blood’, and the human mind, already sophisti-
cated in the intuitive calculus of blood ties and
proportionate altruism races to apply the con-
cept of inclusive fitness to a re-evaluation of its
own social impulses. But the Hamilton viewpoint
is also unstructured. The conventional parameters
of population genetics, allele frequencies, muta-
tion rates, epistasis, migration, group size, and so
forth, are mostly omitted fom the equations. As a
result, Hamilton’s mode of reasoning can be only
loosely coupled with the remainder of genetic the-
ory, and the number of predictions it can make is
unnecessarily limited.

From Wilson, Sociobiology: The New Synthesis (1975), 119-
120.

20. According to Wilson:

Williams’ Canon was a healthy reaction to the
excesses of explanation invoking group selection
and higher social structure in populations ... Nev~-
ertheless, Williams' distaste for group-selection
hypotheses wrongly led him to urge the loading of
the dice in favor of individual selection. As we shall
see in chapter 5, group selection and higher levels
of organization, however intuitively improbable
they may seem, are at least theoretically possi-
ble under a wide range of conditions. The goal of
investigation should not be to advocate the sim-
plest explanation, but rather to enumerate all of
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the possible explanations, improbable as well as
likely, and then to devise tests to eliminate some
of them.

For Wilson, the goal in sociobiology was to explain the com-
plex mechanisms of behavior as correctly, not as simply,
as possible. According to him, Williams’ recommendation
for constructing evolutionary hypotheses was just ‘a more
sophisticated variant’ of what Wilson had called ‘The Fal-
lacy of Simplifying the Cause’, a problem in sociobiological
reasoning (Wilson, Sociobiology, 30).

An ESS is a ‘strategy’ (that is, a pattern of behavior) that
is evolutionarily stable, which means that this pattern will
prevail against any alternative pattern when it is the dom-
inant one in a population. Natural selection tends to pro-
duce populations that are evolutionarily stable. In practice,
this often implies a particular balance of gene frequencies.
Segerstrale, Defenders of the Truth (2000), Chapter 10.

See e.g. Richard Dawkins, The Extended Phenotype (Oxford
and San Francisco: W. H. Freeman, 1982), 10.

See e.g. Ullica Segerstrale, ‘Reductionism, “Bad Science” and
Politics: A Critique of Anti-Reductionist Reasoning’, Politics
and the Life Sciences, 11/2 (1992). 199-214.

The impression that it was Sociobiology that launched
Hamilton was seemingly supported by a study by Paul
Harvey and Jon Seger in 1980 (Jon Seger and Paul Har-
vey, ‘The evolution of the genetical theory of social be-
haviour’, New Scientist 87/1208 (1980): 50-51). Looking in
the Science Citation Index, they discovered a ‘mutant’ in
the citations to Hamilton’s paper, appearing at a particular
point. Many citers had used the formulation ‘The Geneti-
cal Theory of Social Behavior’ rather than the correct ‘The
Genetical Evolution of Social Behavior’ when referring to
Hamilton. Harvey and Seger traced the mutant reference to
Sociobiology, where it indeed appeared in Wilson’s bibliog-
raphy. However, an examination of The Selfish Gene shows
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that this book, too, had the same incorrect mutant refer-
ence!

Moreover, it can be shown that a visible upswing ac-
tually started already in the early 1970s before the ad-
vent of either book, suggesting that someone else, perhaps
Trivers—or perhaps Hamilton himself—may have been re-
sponsible for this (Hamilton did produce a number of short,
visible papers in Science and Nature in the late 1960s and
early 1970s). See more discussion in Segerstrale, Defenders
of the Truth (2000), Chapter 5 and, by Dawkins, in The
Selfish Gene (Oxford: Oxford University Press, and 2dn.,,
1989).

But if we concentrate on the period 1975-1976, a
good explanation may still be that, whatever their orig-
inal source of Hamiltonian inspiration, when looking up
the exact reference people simply chose to consult the
biggest book around—Wilson's Sociobiology—or the hand-
iest one—Dawkins’ The Selfish Gene—instead of going to
the library! Clearly, then, both Wilson and Dawkins can
be suspected for having substantially contributed to the
upswing in Hamilton’s citation pattern. However, as I have
indicated, looking at the text of the two books, it appears
that it was Dawkins rather than Wilson who explicitly in
writing boosted Hamilton in the mid-1970s.

As we saw, Hamilton’s theory was just one among the many
other theories explaining altruistic behavior in Wilson’s
Chapter 5 and it is not even clear that Wilson in Sociobiology
is very enthusiastic about Hamilton, compared with other
group-selectionist theories of altruism; see note 19.
Dawkins saw both of them as ‘functional ethologists’. Ac-
cording to Tinbergen, ethologists are in the business of an-
swering four equally important, different questions about
behavior: its (proximate) causation, its development, its
evolutionary history, and its (adaptive) function. Dawkins,
just like Hamilton and Wilson, decided to concentrate on
the last of Tinbergen’s famous ‘four questions’.
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Richard Dawkins, The Extended Phenotype: The Gene as Unit
of Selection (Oxford and San Prancisco: W. H. Freeman,
1982).

Richard Dawkins, ‘Twelve misunderstandings of kin selec-
tion’, Zeitschrift fur Tierpsychologie, 51 (1979b): 184-200.
Richard Dawkins, ‘In defence of selfish genes’, Philosophy,
October (1981a): 562-579.

Richard Dawkins, The Blind Watchmaker (New York: W. W.
Norton, 1987).

Dawkins, The Extended Phenotype (1982), 19.

Richard C. Lewontin, Steven Rose, and Leon Kamin, Not in
Our Genes (New York: Pantheon Books, 1984).

Richard Dawkins, ‘Sociobiology: The debate continues’,
Book review: Not In Our Genes, New Scientist (24 January
1985): 59-60.

. Lewontin, Rose, and Kamin, Not in Our Genes (1984), 236.
36.

Dawkins, ‘Sociobiology: The debate continues’ (1985), note
34, page 59.

This I heard from Patrick Bateson and Richard Dawkins at
the time. The threat of a libel suit caused a flurry of activ-
ity. [ got almost implicated myself-——Wilson told me that Bill
Hamilton had contacted him about a copy of my disserta-
tion, which, it was hoped, might contain some material that
could be used in a possible legal defense. (Ullica Segerstrale,
Whose Truth Shall Prevail? Moral and Scientific Concerns in
the Sociobiology Debate, Harvard University: Department
of Sociology, 1983). And Dawkins, one of my interviewees,
wrote me a letter in 1986 asking (perhaps rhetorically)
whether I could find a single political message in the writ-
ings of sociobiologists. This was no problem at all, since I
was used to putting on the critics’ hat and following their
‘moral reading’ of texts. I sent Dawkins a whole list of
passages in Wilson’s On Human Nature (Cambridge, MA:
Harvard University Press, 1978), which I knew either had
been or easily could be interpreted as political statements
by the critics.
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41.
42,

S ga a,ldns,

. S. J. Gould, ‘The pattern of life’s history’, in J. Brockman
(ed.), The Third Culture (New York: Simon & Schuster, 1995),
51-64.

Richard Dawkins, ‘A survival machine’, in J. Brockman (ed.),
The Third Culture (New York: Simon & Schuster, 1995), 84.
This reminds us of Wilson’s warning in Sociobiology to
avoid ‘The Fallacy of Simplifying the Cause’, see note 20.
Eldredge, ‘A battle of words’ (1995), 122.

See Segerstrale, Defenders of the Truth (2000), 325 ff.
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3. Babbage’s automated ‘miracles’ did, however, suggest an
image of God as an omnipotent engineer, having no need

\oo



10.

3uSa st

for divine intervention, but instead relying upon ‘pre-
programmed’ miraculous events. At the time, it remained
an act of faith to believe that this kind of preprogramming
could, unlike fundamentally inexplicable acts of divine in-
tervention, be understood through regular science (in the
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would have revealed the laws that governed its surpris-
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R. Dawkins, ‘An Open Letter to Prince Charles’, in M. Ruse
and D. Castle (eds.), Genetically Modified Foods (Buffalo, NY:
Prometheus, 2002), 16-19.

Charles, Prince of Wales, ‘Reith Lecture 2000’, in M. Ruse
and D. Castle (eds.), Genetically Modified Foods (Buffalo, NY:
Prometheus, 2002), 11-15.
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T. H. Huxley, Evolution and Ethics and other Essays (London:
Macmillan, 1893).

S. Conway Morris, Life’s Solution: Inevitable Humans in a
Lonely Universe (Cambridge: Cambridge University Press,
2003).

Conway Morris, Life’s Solution: Inevitable Humans in a
Lonely Universe (2003), 196.

R. Dawkins, The Extended Phenotype: The Gene as the Unit
of Selection (Oxford: W. H. Freeman, 1982).

Dawkins and Krebs, ‘Arms races between and within spe-
cies’ (1979), 490.

[ have found that Darwin did sometimes use the word
‘race’ in the sense of competition (as opposed to class) in
the firsr edition of the Origin. At least one passage seems to
tie things into progress in a very Dawkinsian way, although
the word ‘race’ seems more of a synonym for struggle than
quite the idea of a moving competition.

The inhabitants of each successive period of the
world’s history have beaten their predecessors in
the race for life, and are, in so far, higher in
the scale of nature; and this may account for
that vague yet ill-defined sentiment, felt by many
pal@®ontologists, that organisation on the whole
has progressed. (Darwin, The Origin of Species: A
variorum Text (1959), 561)

In the little book on orchids, On the Various Contrivances by
which British and Foreign Orchids are Fertilized by Insects,
published just after the Origin in 1862, Darwin got closer
to the idea of ‘race’ as is used in ‘arms race’. He wrote:

If the Angracum in its native forests secretes more
nectar than did the vigorous plants sent me by Mr.
Bateman, so that the nectary becomes filled, small
moths might obtain their share, but they would
not benefit the plant. The pollinia would not be
withdrawn until some huge moth, with a wonder-
fully long proboscis, tried to drain the last drop.
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If such great moths were to become extinct in
Madagascar, assuredly the Angraeecum would be-
come extinct. On the other hand, as the nectar, at
least in the lower part of the nectary, is stored safe
from depredation by other insects, the extinction
of the Angracum would probably be a serious loss
to these moths. We can thus partially understand
how the astonishing length of the nectary may
have been acquired by successive modifications.
As certain moths of Madagascar became larger
through natural selection in relation to their gen-
eral conditions of life, either in the larval or mature
state, or as the proboscis alone was lengthened to
obtain honey from the Angraecum and other deep
tubular flowers, those individual plants of the An-
greecum which had the longest nectaries (and the
nectary varies much in length in some Orchids),
and which, consequently, compelled the moths to
insert their probosces up to the very base, would
be fertilised. These plants would yield most seed,
and the seedlings would generally inherit longer
nectaries; and so it would be in successive gen-
erations of the plant and moth. Thus it would
appear that there has been a race in gaining length
between the nectary of the Angraecum and the
proboscis of certain moths; but the Angraecum
has triumphed, for it flourishes and abounds in
the forests of Madagascar, and still troubles each
moth to insert its proboscis as far as possible in
order to drain the last drop of nectar. (Darwin,
On the Various Contrivances by which British and
Foreign Orchids are Fertilized by Insects {London:
John Murray, 1862), 201-203.

This word is picked up by Darwin’s American friend, the
botanist Asa Gray. In a letter to Darwin, on 22 March
1863, hc wrote: ‘Of course we believers in real design make
the most of your “frank” and natural terms, “contrivance,
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purpose”, etc., and pooh-pooh your endeavors to resolve
such contrivances into necessary results of certam physical
processes, and make fun of the race between long noses
and long nectarines.’ (J. L. Gray, Letters of Asa Gray (Boston:
Houghton Mifflin, 1844), vol. 2, page 502) Gray himself was
not very keen on biological progress, mainly because he
was a botanist—he resisted Darwin’s efforts to force him
to accept progress—but also because he was an evangelical
Presbyterian who thought that God’s grace was the key to
salvation.

J. S. Huxley, The Individual in the Animal Kingdom (Cam-
bridge: Cambridge University Press, 1912).

Darwin, The Origin of Species: A Variorum Text (1959).
Compare the version of the passage given in endnote 39
with the version that appears in later editions. Special-
ization becomes explicit and doubts about progress are
suppressed. This is from the sixth edition of the Origin
(1872):

The inhabitants of the world at each successive
period in its history have beaten their predeces-
sors in the race for life, and are, in so far, higher in
the scale, and their structure has generally become
more specialised; and this may account for the
common belief held by so many palaeontologists,
that organisation on the whole has progressed.
(Darwin, The Origin of Species: A variorum Text
1959), 561)

R. Dawkins, The Ancestor’s Tale (London: Weidenfeld &
Nicolson, 2004).
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End Notes

1. I thank Latha Menon for bringing this quotation to my
attention.

2. William Paley, Natural Theology (1803).
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