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Preface

CHARLES ROBERT DARwIN, the fifth child (of six) and second son of Dr. Robert
Darwin and his wife Susannah (formerly Wedgwood) of Shrewsbury (pronounced
Shrowsberry), a town in the English Midlands next to the Welsh border, was
born on 12 February 1809 (the same day as Abraham Lincoln across the Atlantic)
(Fig. Preface.1). He was sent to one of England’s famous public (in reality private)
schools and then at a young age was directed north, to Edinburgh, the capital of
Scotland, to study medicine. After two years he realized that medicine was not for
him, and so he moved south to Cambridge, to work for a degree and prepare for the
life of a clergyman in the Church of England. He graduated in 1831.

Through connections he had made as a student, Darwin was offered the chance
to join the British warship HMS Beagle, as it set off for South America to map the
coastline (Plate I). The voyage took five years, eventually going all the way around
the world, returning to England in 1836. By this time, all thoughts of a clerical life
had vanished, and Darwin, supported by family money, settled into full-time work as
a scientist. He became an evolutionist shortly after the Beagle voyage and discovered
the mechanism for which he is famous, natural selection, in 1838. He married his first
cousin Emma Wedgwood early in 1839 (Fig. Preface.2), and by that time, starting to
show the signs of a still-unknown illness that plagued him for the rest of his life, he
settled into the role of a somewhat reclusive invalid. The couple moved to a house in
Kent and in all had ten children, seven of whom lived to maturity.

Darwin did not publish for twenty years, and then did so only because a young
naturalist, Alfred Russel Wallace, sent him an essay containing virtually the same
ideas that he had discovered in the late 1830s. Rapidly Darwin wrote up his theory,
and On the Origin of Species by Means of Natural Selection, or the Preservation of
Favoured Races in the Struggle for Life appeared late in 1859 (Plate II). The work
caused great controversy and was attacked by many, including leading churchmen
(notably Samuel Wilberforce, bishop of Oxford), and defended by many others,
including leading scientists (notably Thomas Henry Huxley, morphologist, paleon-
tologist, college teacher and administrator, and general man of letters). Twelve years
after Origin,in 1871, Darwin followed with a work on our own species, The Descent of
Man and Selection in Relation to Sex. He died at home, his heart exhausted, in April

% xi ¥



PREFACE

F1cUrE PREFACE.1. Charles Darwin at about age six with his younger sis-
ter at about age four. From H. E. Litchfield, Emma Darwin, Wife of Charles
Darwin: A Century of Family Letters (Cambridge: privately printed by
Cambridge University Press, 1904)

1882. By general acclaim he was buried in Westminster Abby,
where he lies today, next to the great Isaac Newton.

Darwin is famous. Darwin is controversial. In England
to this day his memory is cherished, and his name honored.
His face, nearly covered by his full beard, is on the back of
the ten-pound note, a successor to that other great Victorian,
Charles Dickens. Elsewhere also the name of Darwin is held
in high esteem. Yet in many parts of America, and increas-
ingly in other areas of the world, he is taken to be the apo-
theosis of all that is wrong with modern society: parents
and teachers, church leaders and politicians, do all that they
can to exclude him from the classroom. The Darwinian
Revolution ranks up there in the history of science with the
Copernican Revolution. No one today doubts that the Earth
goes around the sun. Many today doubt that we humans are
modified monkeys.

This is an encyclopedia about Darwin and his influence,
written by a team of experts, drawn from the ranks of practic-
ing scientists as well as from those on the side of the human-
ities. We are united in the conviction that Charles Darwin
and his work were and are very important — in science and
in many other fields of human activity and inquiry, includ-
ing philosophy, theology, linguistics, and literature. If we do
not infect you with our enthusiasm and leave you sharing our
conviction, we have failed in our task. What we are not trying
to do is convince you that Darwin was always right. He was
not. Nor, conversely, are we trying to show you that Darwin

F1cURE PREFACE.2. Anetchingofthe partner picture of Emma Wedgwood,
by George Richmond, painted to mark her marriage to Charles Darwin.
From H. E. Litchfield, Emma Darwin, Wife of Charles Darwin: A Century
of Famuly Letters (Cambridge: privately printed by Cambridge University
Press, 1904)

was basically wrong. He was not. And we are certainly not
trying to show that, right or wrong, overall Darwin’s influence
1s either malicious or overrated. This is not true, although we
agree fully that things are far more complex than simple good
or ill. Finally, thank goodness, we are not trying to show that
everything is known and that everyone agrees. You will see in
these pages that often we differ among ourselves about some
very important points. This is a good part of what makes it all
so exciting. Charles Darwin was one of the towering figures in
Western civilization, and his legacy is with us still today. We
want to share with you our knowledge and our thrill at great
ideas. Some monkeys! Some modification!

The volume is intended to be entire unto itself, but you
might want to flesh out your reading by turning to some orig-
nal sources. The Origin of Species is a remarkably readable
book for a classic. All references in this volume, unless it is
explicitly stated otherwise, are to the first edition, and this is the
one that you should read. (You can tell if you have the first edi-
tion because the work does not contain the alternative name for
natural selection, “survival of the fittest,” added to some of the
later editions.) There is a facsimile (paperback) edition, with
a short introduction by the eminent, twentieth-century evolu-
tionist Ernst Mayr, published by Harvard University Press. All
of Darwin’s published material is now online (The Complete
Work of Charles Darwin Online, http://darwin-online.org.uk/).
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Thanks to immense labors by John van Wyhe, it is a wonderful
resource with much supplementary material, including reviews
and the like. It includes the invaluable bibliography Darwin: A
Reader’s Guide, by Michael T. Ghiselin.

For almost three decades now a dedicated team of
researchers has been producing the definitive edition of
Darwin’s voluminous correspondence. In this Encyclopedia,
published letters are referred to by volume and page, and
also 1dentify the sender and recipient. Thus: Darwin 1985-,
14:423, letter to M. E. Boole, 14 December 1866. There is
much work still to be done. It is possible to access online
almost all of the letters thus far edited, with synopses of

letters yet to be edited and published. Consult the “Darwin
Correspondence Project,” http://www.darwinproject.ac.uk/.
Unpublished letters, part of the Correspondence Project,
are referred to by catalog number: DCP, g105, letter to G.
H. Darwin, 21 October [1873]. The notebooks in which
Darwin worked out his ideas about evolution were tran-
scribed, edited, and published in 1987 by a team headed by
Paul Barrett. References are to this edition, with name and
page of the particular notebook. Thus: Barrett et al. 1987,
D2. Unpublished manuscripts in the Darwin Archives at the
University Library, Cambridge, are referenced by catalog
number. Thus: CUL DAR 210.8: 42.
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“I am rather sorry that you are Editor, as I have always heard that an Editor’s life
1s one of ceasless trouble & anxiety.”” Sharing with Jane Austen and Michael Ruse
a lifelong inability to master the spelling of the English language, this is from a let-
ter written by Charles Darwin, on 24 December 1866, to Benjamin Dann Walsh, an
American-residing entomologist who had been at Cambridge at the same time as
Darwin and who was the associate editor of the Practical Entomologist. Forget the
orthography and focus on the sentiment. Never were truer words said! Walsh had no
illusions. After the failure of the Practical Entomologist, he took up the editorship
of the American Entomologist. On 29 August 1868, quoting Proverbs, he wrote to
Darwin: “I have recently returned like a dog to his vomit, & again become Editor
of a Monthly Periodical (of which I enclose a Prospectus) devoted to Economic
Entomology.”

So one asks oneself why one takes time and effort to edit a volume such as this.
The most obvious reason does not apply. There can be no pretense that this volume 1s
designed to introduce readers to a new and growing field. To use a metaphor, Darwin
Studies is a field very well plowed indeed. But that in a way gives us the reason. It
became clear after 2009, the year of many conferences and publications celebrating
the 200th anniversary of the birth of Charles Darwin and the 150th anniversary of the
publication of his great book, On the Origin of Species, that there was huge interest
in his ideas and their consequences. Much work was ongoing and many new and
interesting facts were coming to light and equally new and interesting interpretations
being offered. It was the genius of my editor at Cambridge University Press, Beatrice
Rehl, to see that this was so and that there was now need of a volume that gathered
all together in one place to give people a full sense of scholarship today on Darwin
and his importance. This was a need obviously intensified by the fact that Darwin’s
work is still highly controversial in the United States and increasingly elsewhere and
that how we think about the topic has immediate consequences for education and
much more.

I agreed with her, and after some hesitation - hesitation that would have been
much greater had I realized the work involved — I committed myself to editing such
a volume. So let me start by thanking all of my contributors (and some who in the
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Contributors are vital. So also is the editor. Such a volume
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sounds a little pretentious, but it is true. My vision starts with
the fact that ultimately and fundamentally Charles Darwin
was a scientist — not a theologian, not a philosopher, not a lit-
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thread, the backbone, of this book, and if you do not see this,
then I have failed myself and I have failed you. On this linking
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Introduction

HE ANCIENT GREEKS were not evolutionists (Essay 1, “Origins and the

Greeks”). It was not that they had an a priori prejudice against a gradual

developmental origin for organisms (including humans) but that they saw
no real evidence for it. More importantly, they could not see how blind law — that 1s
to say, natural law without a guiding intelligence - could lead to the intricate com-
plexity of the world, complexity serving the ends of things, particularly organisms.
This need to think in terms of consequences or purposes, what Aristotle called “final
causes,” was taken to speak definitively against natural origins.

It was not until the seventeenth century — what is known as the Age of the
Enlightenment - that we get the beginnings of evolutionary thinking (Essay 2,
“Evolution before Darwin”). This could have happened only if there was something,
an ideology, sufficiently strong to overcome the worry about ends. Such an ideology
did appear, that of progress: the belief that through unaided effort humans could
themselves improve society and culture. It was natural for many to move straight
from progress in the social world to progress in the biological world, and so we find
people arguing for a full-scale climb upward from primitive forms, all the way up to
the finest and fullest form of being, Homo sapiens: from “monad to man,” as the say-
ing went (Fig. Introduction.1). It was not generally an atheistic doctrine, being more
one in line with “deism,” the belief that God works through unbroken law. But it did
increasingly challenge any biblical reading of the past, and it went against evangelical
claims about Providence, the belief that we humans unaided can do nothing except
for the sacrifice of Jesus on the cross.

Radical claims like these did not go unchallenged. Critics, notably the German
philosopher Immanuel Kant and his French champion, the comparative anatomist
Georges Cuvier, continued to argue that final causes stand in the way of all such
speculations. Moreover, particularly after the French Revolution, many thought the
idea of progress to be both false and dangerous. For this reason, evolution was hardly
arespectable notion. It had all of the markings of'a “pseudoscience,” like mesmerism
(the belief in bodily magnetism) or phrenology (the belief that bumps on the skull
give clues to psychological traits). It existed as an epiphenomenon of a cultural ideol-
ogys; it was valued because it was value laden through and through. This is not to say
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Ficure INTRODUCTION.1. Particularly popular in medieval times were
sketches of the “chain of being,” showing the structural order of things, from
the simplest of nonliving things (like stones) up to the ultimately important,
God. This is from the Ladder of Ascent and Descent of the Mind (1305) by
the Catalan philosopher Ramon Lull (1232-1315), first printed edition 1512.
Although not in itself dynamic, it resonated in the eighteenth century with
thoughts of progress and was surely an influencing factor in the thinking
of early evolutionists. From M. Ruse, Monad to Man (Cambridge, Mass.:
Harvard University Press, 1996)

that it was an unpopular idea. As we see in our own day, mani-
fested by such pseudosciences as homeopathy (the belief in
the curative power of small doses of the poison that in quan-
tity kills), pseudosciences can be very popular. But enthusi-
asm lay generally with the public and not with the professional
community.

The Origin of Species (1859) set out to change all of this.
It is important therefore, from the beginning, to get Charles
Darwin right. And as a start on this, we must recognize that
the autobiography that he penned toward the end of his life,
although captivating and very informative, is in many respects
highly misleading. Darwin characterizes himselfas a charming
young man, not terribly directed or motivated, keenest of all
on the country sports of shooting and the like, who almost by
chance backed into one of the greatest discoveries of all time.
This 1s simply not true. We must keep balance and perspective
and not let the English penchant for self-deprecating modesty
cloud the story. As an individual, Darwin was genuinely warm
and friendly, loyal to family and friends, a good master to his
servants, and for all that he was very careful with his money,
good at managing it, and generous to those in need. He was
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Ficure INTRODUCTION.2. The anatomist Robert Grant (1793-1874) was
an ardent evolutionist and a close acquaintance of Darwin when the latter
spent two years in Edinburgh training to be a physician. Darwin was lucky
in his teachers and mentors, but clearly he had a nose for picking out those
who could instruct and help. Permission: Wellcome

loved and with good reason. He was also hard working, even
to the point of obsession. He did not have the kind of mind
that is good at doing things that impress schoolteachers. He
was not that gifted at mathematics, nor was he a brilliant suc-
cess with languages, dead or living. That put him at a disad-
vantage, given that back then these were precisely the talents
needed for formal academic success. But he was clearly very
intelligent; moreover, older people (especially when he went
to Cambridge) saw this and almost rushed to be his friends
and mentors (see Fig. Introduction.2 and Plate I1I). Above all,
Darwin had an oversized, inventive and discerning eye for a
good theory or hypothesis. Added to this is the fact that he
was ruthless in his pursuit of an idea and the supporting facts,
using others (particularly by courtesy of the penny post intro-
duced in 1840) to gather information for his speculations. He
was indeed sick - possibly a psychological sickness but even
more possibly purely physical - but he used this sickness to
avoid distractions and other commitments. One of his biogra-
phers has written of Darwin as having a sliver of ice through
his heart, and never were truer words written.'

! The comment is made by Janet Browne in the introduction to her
two-volume biography of Darwin: Charles Darwin: Voyaging (1995)
and Charles Darwin: The Power of Place (2002). In this Introduction,
I have relied heavily on this biography for details of Darwin’s life
and work. I have also used my own earlier writings, including The
Darwinian Revolution: Science Red in Tooth and Claw (1999a); Taking
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F1GURE INTRODUCTION.3. A cartoon by one of Darwin’s fellow Cambridge students (Albert Way) making fun both of
Darwin’s love of horse riding and of his passion for beetle collecting. Permission: Cambridge University Library

That “Darwin of the Beagle” became “Darwin of the
Origin” was no mere chance. The abilities and drive meshed
smoothly with Darwin’s background and training. There was
a great deal of money in the Darwin-Wedgwood family, and
it was kept that way by the frequent intermarriages of which
Charles Darwin and his cousin Emma Wedgwood were but
one instance. Father Robert was a physician and also a very
shrewd businessman, arranging mortgages between those
with money to lend (generally industrialists) and those with
need of money (often aristocrats with land to provide secu-
rity). Maternal grandfather Josiah Wedgwood was the foun-
der of the great pottery works, one of the biggest successes in
the Industrial Revolution (see Plate IV). Charles inherited the
cash, and one immediate payoff was that he never had to work
formally to make a living. Not for him the boring jobs of mark-
ing papers and sitting on departmental committees. Darwin
also inherited much that led to the making of the cash. He
was no country bumpkin, nor was he (for all that he had been
intended for the church) an ethereal scholar with thoughts
fixed only on abstruse points of logic or theology. Science
and technology lay behind the revolution, and it was this
that grasped Charles Darwin from the beginning. From their

Darwin Seriously: A Naturalistic Approach to Philosophy (1986);
Monad to Man: The Concept of Progress in Evolutionary Biology
(1996); Mystery of Mysteries: Is Evolution a Social Construction?
(1999b); Can a Darwinian Be a Christian? The Relationship between
Science and Religion (2001); Darwin and Design: Does Evolution
Have a Purpose? (2003a); The Evolution-Creation Struggle (2005);
Darwinism and Its Discontents (2006); Charles Darwin (2008);
Philosophy after Darwin: Classic and Contemporary Readings
(2009c¢); and The Philosophy of Human Evolution (2012).

earliest days, he and his older brother Erasmus were junior
chemists with their own garden-shed laboratory. Then both at
Edinburgh and increasingly at Cambridge, Darwin immersed
himself in the biological sciences of the day - collecting, read-
ing, listening to others, and attending courses pertinent to
these interests (Fig. Introduction.s).

The earth sciences he also pursued, an area of inquiry
that was growing and thriving by leaps and bounds. Industry
demands fuel, coal now that the trees were vanishing, and
materials, iron, copper, and the like. It also has need of trans-
portation, initially waterways, including man-made canals,
and then in the nineteenth century the highly successful
railway system. All of this demands knowledge of the rocks.
No serious businessman wants to invest in a mine that might
come up dry after vast expenditures. Equally, no serious busi-
nessman wants great effort made to drill tunnels through solid
granite when a system of locks going up or around would be
much cheaper. Geology holds the key to understanding what
exists beyond direct sight, and by the time that Darwin was
an undergraduate at Cambridge, the science was a ferment of
action and discovery and controversy. That there was a fris-
son of worry about the time demands of the earth sciences,
and the time restrictions of scripture read conservatively,
added to its interest — especially given that, almost to a man,
the Cambridge professors had to be ordained members of the
Church of England.

It was entirely natural that when Darwin set off on the
Beagle voyage - itself an opportunity to naturalize in new
and strange parts of the world - geology should have been
something foremost in his mind (Essay 3, “Charles Darwin’s

Geology: The Root of His Philosophy of the Earth”). It was

%3 3 ¢



INTRODUCTION

an exciting time to take up the subject, for opinion (in Britain)
was starkly divided, between those (the “catastrophists”
represented by one of Darwin’s Cambridge mentors, Adam
Sedgwick, professor of geology) who thought that every now
and then the earth is shaken up by huge earthquakes and the
like (after which organisms are created, miraculously, anew)
and those (the “uniformitarians” represented by Scottish
lawyer-turned-geologist Charles Lyell) who thought that
ongoing regular processes, like rain and snow and deposi-
tion and erosion, suffice to create the earth’s geological his-
tory. Lyell had just started publishing his Prenciples of Geology
(1830-33), and Darwin devoured it and believed. It was ever
the basis for his thinking about earth history and was the
foundation of the three books on geology that Darwin pub-
lished in the ten years after the Beagle voyage. No doubt time
alone on the ship and the independence forced upon him by
the distance from the British scientific community was sig-
nificant, both in his thinking about geology and also on his
mind frame as he now started to work toward the problem of
Organic origins.

That Darwin, in the mid-1830s - always remember that
it was in this decade that Darwin did his creative work, not
the future decade of the 1850s when he finally published -
was Interested in organic origins is no surprise at all. The
Cambridge professors loathed and detested evolution, think-
ing it would subvert both science and religion - they were
themselves treading a rather fine, delicate line with their fond-
ness for science and so had to insist to the orthodox that reli-
glously they were purer than pure. Like Mr. Dick in David
Copperfield, evolution was their King Charles’s Head. They
could not stay away from the topic. A bright young entrant
like Darwin had to sense that there was something of interest
here - a sense that would be confirmed when (in 1836) the
leading astronomer and philosopher of science John F. W.
Herschel wrote to Lyell (in a letter that became public) that
origins is the “mystery of mysteries” (Cannon 1961). That it
was Charles Darwin of all people who became an evolution-
ist (the usual word was “transmutation,” and “evolution”
became generally used for organic origins only in the 1850s
and 1860s) is less of a surprise than it might have been. His
father’s father, Erasmus Darwin - physician, inventor, friend of
business - was an ardent evolutionist, and as a youth Charles
Darwin had read his grandfather’s major work, Zoonomia.
(Volume 1 was published in 1794 and Volume 2 in 1796. It is
in the first volume that the evolutionary speculations occur.)
(Fig. Introduction.4). Then, when at Edinburgh, Darwin had
been close to one of the very few open evolutionists in Britain
at that time, the anatomist Robert Grant. Finally, thanks to
Lyell - who gave a detailed exposition in the second volume
of his Principles - Darwin knew in detail about the evolution-
ary theory of the Frenchman Jean Baptiste de Lamarck. (Lyell
introduced the theory to criticize it. More than one, includ-
ing Darwin’s contemporary and fellow evolutionist Herbert
Spencer, read Lyell and was converted to evolution!)

It is always nice and romantic to suppose that new ideas
demand a Road to Damascus experience. Probably for Darwin,
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F1GURE INTRODUCTION.4. Erasmus Darwin (1731-1802) was one of the
early evolutionists. His Zoonomia was widely read, including by his grand-
son Charles. This is a copy of a painting from 1770 by Joseph Wright of
Derby. Permission: Wellcome

becoming an evolutionist was a bit more gradual. There is no
question but that major influences, along with the geology that
was making him think about the operation oflaws in nature and
implications for such things as time and place, were the fossils
that he was collecting on the Beagle trip. His finds were almost
forcing him to think about origins and changes and causes,
and Darwin said as much in his autobiography. We must not
exaggerate. Again we see that the young Darwin was, from the
first, right in the heart of science in a full-time and professional
way. Yet, Darwin was not as skilled and knowledgeable a pale-
ontologist as he was geologist (Essay 4, “Looking Back with
‘Great Satisfaction’ on Darwin’s Vertebrate Paleontology™). It
is a field that demanded more biological knowledge than he
had in those early years. But equally he was no mere tyro, and
certainly, when he returned to England, he was keen to get
the best authorities to study his findings - an ambition speak-
ing not just to his own knowledge and abilities but also to his
rapidly rising status in the scientific community as one who
could expect and get the leaders in the field to work with or
for him. Richard Owen, anatomist and paleontologist, was
the obvious choice, and (given the quality and freshness of
the fossils) it was clearly in the interests of both when Owen
did work on Darwin’s collection. There is a poignant paradox
here, for later it was Owen who became the outstanding oppo-
nent of the Darwinians and their theorizing. At first, however,
Darwin and Owen were friendly, and although Owen always
had yearnings for more metaphysical, German-influenced
readings of life’s history, one suspects that the two may well
have discussed origins and transmutation, not necessarily in
an entirely hostile fashion (Rupke 1994). One thing always to
be kept in mind is that Owen never had Darwin’s privileged
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start in life or financial independence. He was in the thrall of
men who hated evolution. Later, when he himself moved to a
public evolutionary stance, one has trouble seeing if his big
complaint with the Darwinians is that they are wrong or that
they have stolen ideas that he (Owen) had all along,.

Along with the fossils, Darwin was certainly set on the
path to evolution by the distributions of the organisms -
birds and reptiles particularly - that he saw when the Beagle
in 1835 visited the Galapagos Archipelago in the mid-Pacific.
Even more certainly, his thinking solidified early in 1837
when the taxonomist studying his bird collection con-
firmed that from island to island there are genuinely differ-
ent species. It was at this point Darwin opened a series of
private notebooks (the key species notebooks are B through
E, and the key human notebooks are M and N) and jotted
down thoughts on evolution. And its causes! Darwin was
a graduate of the University of Cambridge, the home two
hundred years previously of the great Isaac Newton. Again
and again Darwin’s mentors stressed that Newton’s over-
riding achievement was to provide causal understanding of
the major advances in physics in the Scientific Revolution.
Kant, in his Critique of Fudgement (1790), had denied that
there could be a “Newton of the blade of grass.” Darwin,
determined to show him wrong, set out deliberately to find
the cause of evolutionary change, the biological equivalent
of Newton’s law of gravitational attraction.

The key insight leading to the discovery of the mecha-
nism of natural selection, the systematic differential repro-
duction of organisms brought on by the limited supplies of
food and space, came late in September 1838. It was then that
Darwin read the Essay on a Principle of Population (1826)
by the Reverend Thomas Robert Malthus, who argued the
population pressures in humans lead to inevitable struggles
for existence. Darwin generalized to all species — actually
Malthus mentioned that he got his inspiration from a more
general discussion by, of all people, Benjamin Franklin - and
then argued that success in the struggle will (on average) be a
function of the different variations of the competitors and that
this will lead to ongoing change - change moreover of a par-
ticular kind, namely in the direction of features or character-
istics (like the hand and the eye) that aid their possessors. In
other words, this process of natural selection (the term is not
used for another two or three years) produces contrivances or
adaptations, things that seem as if designed for the ends they
serve. That is to say, the process or mechanism gives a natural
(in the sense of working according to blind, unguided law)
explanation of Aristotelian final causes. There 1s no need to
suppose outside, divine intervention.

Thanks to the notebooks, we can map in some detail the
exact route to discovery of the mechanism and the thinking
that came thereafter (Essay 5, “The Origins of the Origin:
Darwin’s First Thoughts about the Tree of Life and Natural
Selection, 1837-1839”). In a sense, though, we do have some-
what of an embarrassment of riches, especially when you add
in our possession of many of the pertinent works that Darwin
read (and annotated extensively) at that time. This has led to
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some controversy about what the later Darwin said, especially
in his autobiography, about his discovery and what the jot-
tings seem to reveal. Particularly there are questions about the
exact role played in the discovery by the analogy with artifi-
cial selection, the ways in which agriculturalists and fanciers
choose the specimens they favor and use as breeding stock.
Darwin claimed that it was this that led directly to natural
selection, but the notebooks (a reading endorsed by the essay
given) suggest otherwise. Perhaps the answer is somewhere in
the middle. Darwin was certainly conscious of artificial selec-
tion and its importance - an industrial revolution demands an
agricultural revolution, to feed the workers, and Shrewsbury
is in the heart of rural Britain (and the Wedgwoods particu-
larly were interested in breeding) - but whether it played quite
the direct role in discovery might be doubted. What is cer-
tainly the case - pointed out in no uncertain fashion to Darwin
after the Origin was published - is that others had also hit
on the notion of natural selection. Darwin at this time even
read a pamphlet toying with the idea and noted it. He read:
“A severe winter, or scarcity of food, by destroying the weak
and unhealthy, has all the good effects of the most skilful selec-
tion.” About this (in the margin), showing that he sees that
something pertinent is at work here although he still doesn’t
quite get the full analogy, Darwin wrote: “In plants man pres-
ents mixtures, varies conditions and destroys, the unfavour-
able kind - could he do this last effectively and keep the same
exact conditions for many generations he would make species,
which would be infertile with other species.” What does seem
to be true is that only Darwin was exploring the possibility
that selection could lead to full-blown, permanent change.
Others deserve a footnote and little more. (The pamphlet is
by Sir John Sebright, a noted breeder mentioned in the first
chapter of the Origin. See Ruse 1975b.)

A mechanism is not a theory. The public Darwin was get-
ting married and starting a family, falling sick, and working
and publishing frenetically on geology (Fig. Introduction.5).
The private Darwin was thinking furiously and by 1842 felt
sufficiently confident to put his ideas on paper in a 35-page
preliminary essay (usually known as the “Sketch”), and then
some two years later in 1844 he expanded his ideas to a much
longer, 230-page essay (usually known as the “Essay.”) We
know that he did show material to a young botanist, Joseph
Hooker (to become one of Darwin’s lifelong friends and a
source of much material, physical and intellectual), and he
left a note to his wife arranging for publication were he to die
prematurely — something he thought quite possible. But that
was it, and now the flat-out activity rather slowed as Darwin -
the professional, public Darwin - turned increasingly away
from geology and toward the life sciences. Obviously, they
had always been part of his work and life: the fossils, the
Galapagos (and many South American) specimens, both ani-
mal and plant, and more. Classification, what biologists call
“taxonomy,” was both a vital tool and (certainly for the private
evolutionist) a great font of inspiration. In the century previ-
ously, the great Swedish biologist Linnaeus had formulated
the basic principles of classification (the “Linnaean system”),
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Ficure INTRODUCTION.5. In 1842 Charles and Emma Darwin moved to Down House, which Darwin’s father
bought for the young couple for £2,200. They immediately set about making renovations and additions. Darwin lived
here for the rest of his life. From H. E. Litchfield, Emma Darwin, Wife of Charles Darwin: A Century of Famaly Letters
(Cambridge: privately printed by Cambridge University Press, 1904)

where organisms are assigned hierarchically to nested sets of
ever-greater power and generality - from species at the lowest
basic level to kingdoms at the highest. For Darwin, especially
for a Darwin whose thinking about evolution was ever influ-
enced by those Galapagos organisms hopping from island to
island and changing as they went and thus bringing a treelike
history to life (very unlike Lamarck’s parallel upward progres-
sions), it was almost a truism that his developmental think-
ing was the explanation of the fanlike, distributive pattern
that epitomized Linnaeus’s system (Essay 6, “Darwin and
Taxonomy™).

It is very probable that it was taxonomic thinking that
pushed Darwin to what he considered the major conceptual
addition to his theory - the “principle of divergence” - that
occurred in the years from the “Essay of 1844” to the Origin.
Why should there be the range of different forms that we
find? Is it just accidental, or is there a deeper reason? In the
notebooks, things seem to happen almost by default. “The
enormous number of animals in the world depends on their
varied structure and complexity; hence as the forms became
complicated, they opened fresh means of adding to their com-
plexity; but yet there is no necessary tendency in the simple
animals to become complicated although all perhaps will have
done so from the new relations caused by the advancing com-
plexity of others” (Barrett et al. 1987, 422-3, E, 95). Then,

Darwin saw how this all comes about by selection, because it
is advantageous to organisms to differ from potential competi-
tors and thus occupy different niches reducing conflict. “The
same spot will support more life if occupied by very diverse
forms.... Each new variety or species, when formed will gen-
erally take the place of and so exterminate its less well-fitted
parent. This, I believe, to be the origin of the classification or
arrangement of all organic beings at all times. These always
seem to branch and sub-branch like a tree from a common
trunk; the flourishing twigs destroying the less vigorous, - the
dead and lost branches rudely representing extinct genera
and families” (Darwin 1985-, 6:448-49, letter to Asa Gray, 5
September 1857) (see Fig. Introduction.6).

Publicly taxonomy was now at the fore, as Darwin plunged
into what was going to be an eight-year-long study ofbarnacles,
marine invertebrates that had first captured his fancy when on
board the Beagle (Essay 7, “Darwin and the Barnacles™). This
took him right into the next decade and apparently in some
quarters made him a bit of a figure of fun, as the archetypal
scientist-scholar who devotes his whole life to the study of
something that to the layperson seems of unbelievably trivial
importance. But why did Darwin, the ambitious Darwin, go
off at this tangent? Why barnacles indeed? Although there
are comments and moves made that make for fascinating
significance, given our knowledge that Darwin was now an
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Ficure INTRODUCTION.6. The tree of life as drawn later in the nineteenth century by Darwin’s great German sup-
porter Ernst Haeckel. Note how thoroughly progressionist it is, with simple forms at the bottom (monads) and humans
at the top (man). Haeckel used the term “monera,” referring to prokaryotes, single-celled organisms without a nucleus.

From E. Haeckel, The Evolution of Man (New York: Appleton, 1897)
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evolutionist, he could not - he certainly did not — come out
and profess the convictions that he thought made causal sense
of his work. Why did Darwin delay? Why did he not publish
the “Essay of 1844”? The note to his wife made it clear that
Darwin wanted his thinking made public at some point. Like
his sickness, there are as many answers as people who ask the
question. Probably various factors were involved. He was sick
and felt unable to fight vigorously for his ideas. He never really
expected the delay to be so long — twenty-plus years from the
Malthus moment to the appearance of the Origin. The bar-
nacle studies just stretched and stretched, and the years went
by. Most importantly, the public work of the 1830s had paid
off. His mentors who had pushed his career were seeing their
efforts rewarded. By the mid-1840s Darwin was established
as a serious and important scientist. He was cherished by the
community, especially by the Cambridge professors and their
set who had helped him launch his career. And here’s the rub.
They went on hating evolution — Cuvier was their scientific
hero - and someone going that way would be criticized and
ostracized. Added to this, 1844 was the year that the Scottish
publisher Robert Chambers published (anonymously) his
Vestiges of the Natural History of Creation, a pro-evolutionary
work that was anathematized by the scientific establishment
(as it was equally lauded by the uninformed and ignorant).
Darwin, whose great public success was now being reinforced
by the general and enthusiastic reception of a book (the Voyage
of the Beagle) based on his travel years, had no desire to put
all in jeopardy.

Finally, however, particularly at the urging of friends who
gradually were being let into the secret — after Hooker came
Lyell and then in England the young anatomist Thomas Henry
Huxley (grandfather of the novelist Aldous Huxley), rein-
forced in America by the Harvard botanist Asa Gray — Darwin
started work on a massive volume, intended to overwhelm with
fact and footnote. Huxley always praised Darwin for the delay,
arguing that the barnacle work gave him invaluable under-
standing and experience of the organic world. There may be
some truth in this, although one cannot honestly say, despite
the principle of divergence, that the differences between the
“Essay of 1844” and the Origin seem worth quite such a wait
and effort. What was important was the growing status and
the new network surrounding Darwin, a network that was
going to be much more inclined than the older Cambridge set
to accept and promote his ideas. But also Darwin did work
hard in the 1850s on the empirical evidence for his evolution-
ary thinking, doing, for instance, careful experiments on the
survivability of seeds in salt water, a crucial piece of informa-
tion for his claims about how organisms could spread around
the world, given the barriers of the oceans. (Remember, we
are a hundred years too early for plate tectonics.) And it is
clear that, whatever may have been the truth back in the late
1830s, by the 1850s the analogy with artificial selection was
growing increasingly in his mind. He was delving carefully
into the successes of breeders and judging the relevance to his
concerns. What does seem probable, and perhaps we should
not really be that surprised, is that Darwin was himself fairly

selective in this direction, picking out precisely those results
that were favorable to his thinking and glossing over those
that were not (Essay 8, “The Analogy between Artificial and
Natural Selection”).

Then came the thunderbolt. In the summer of 1858, Alfred
Russel Wallace, a young naturalist and professional collector,
formerly in Brazil and now in the Far East, someone with
whom Darwin had been corresponding, sent to Darwin (of
all people) a short essay with exactly the same ideas that had
been fermenting for nigh twenty years (Fig. Introduction.?).
Friends, Lyell and Hooker, came to the rescue. Wallace had
to be acknowledged but there must be no nonsense about
Darwin’s priority and so, along with Wallace’s essay, pertinent
extracts from the “Essay of 1844 and the already-quoted,
informative letter sent to Asa Gray (about the principle of
divergence) were published in the Proceedings of the Linnaean
Society of London. Then Darwin sat down to write an over-
view of his theory. Thus it was that, in the late fall of 1859, the
Origin of Species arrived on the scene.

Read the essay on the Origin in the light of what it is try-
ing to do (Essay 9, “The Origin of Species”). 1t is taking seri-
ously Darwin’s own comment that the book contains “one
long argument” and is setting out to show the nature of that
argument. Because it is exposing the conceptual skeleton of
the Origin rather than trying to give a full synopsis of the
work, one should use the essay as a map to more detailed dis-
cussions in later essays, for instance about species or sexual
selection or heredity. Note how Darwin runs together the
argument for evolution (and the tree of life) and the argument
for the mechanism of natural selection. One point of interest
will be the extent to which readers separated out these two
aims. Darwin never talks explicitly in the Origin about those
whom he is opposing, those who argue for some kind of non-
natural creation of life. Although there were biblical literalists
(like today’s American creationists) back then, these are not
his target. He has in mind real, respectable scientists, like his
old friend Adam Sedgwick, professor of geology at Cambridge
and, perhaps reaching even further back, the great French
anatomist Georges Cuvier. More immediately, the Swiss-born,
American-transplant, ichthyologist and geologist (expert on
glaciers and their effects) Louis Agassiz would have been in
his sights - particularly in light of his neo-Cuvierian Essay
on Classification published in 1857. Agassiz sent Darwin a
copy. In a letter of 13 March 1859, Darwin wrote to Huxley,
who admittedly liked to hear these sorts of things, that it was
“utterly impracticable rubbish” (Darwin 1985-, 7:262).

Given the central importance of the Origin, we must
turn and consider in some detail aspects of the argumenta-
tion given in the work. The obvious place to start is with the
mechanisms of change. Darwin always thought that, although
natural selection is by far the most important mechanism of
evolutionary change, it is by no means the only one. The major
alternative was always a secondary form of selection, so-called
sexual selection (Essay 10, “Sexual Selection”) This appears
even in the “Sketch of 1842, so it is not some late “add on,”
although it is not until he comes to write his major work on
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Ficure INTRODUCTION.7. Alfred Russel Wallace (1823-1913), the co-discoverer of natural selection, in 1853. He was
already an ardent evolutionist. From A. R. Wallace, My Life (London: Chapman and Hall, 1905)
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our species, The Descent of Man and Selection in Relation to
Sex, that Darwin gives the mechanism extended treatment.
Whereas natural selection involves a struggle against the ele-
ments and other organisms for space and food and the like,
leading to reproduction, sexual selection occurs only within
species and is a function of competition for mates.

Given, whatever the exact relationship, the central impor-
tance in Darwin’s thinking of the analogy between artificial
and natural selection, it is surely plausible to think that Darwin
founded his distinction between the two kinds of selection on
the distinction one finds in the world of the breeders, between
those selecting for profit - fatter pigs, shaggier sheep - and
those selection for pleasure — more tuneful birds and fiercer
dogs. This supposition gains further strength when one
finds that Darwin divided sexual selection into two kinds:
selection between males through conflicts for females (“male
combat”) and selection by females for more desirable males
(“female choice”) - thus the magnificent antlers of the stag
and the gorgeous feathers of the peacock, respectively. These
correspond - and Darwin points out the correspondence - to
breeders selecting for fighting spirits in their dogs and cocks
and breeders selecting for prettier feathers on their budgeri-
gars and like pets.

What is particularly interesting is the fate of sexual selec-
tion over the years. Initially, most people inclined to think
with Alfred Russel Wallace that truly the distinction is not that
significant — certainly not sufficiently significant to overcome
worries that the whole process seems fatally anthropomor-
phic. Why should one suppose that peahens have the same
standards of beauty as humans? Starting in the 1960s, how-
ever, particularly with the rise of sociobiology (of which more
later), sexual selection has come to play a larger and larger
role in the thinking of evolutionists. It is thought to be a really
significant aspect of the biological world. Darwin, as we shall
see, thought it very important in the context of humans, an
assumption as controversial then as it is now. Remember that
selection (of whatever kind) leads not just to change but to
change of a particular kind, namely adaptive change. Put this
in the context of the sexual selection of human beings, and
you are plunged right into discussions about male-female dif-
ferences and whether they are natural (meaning biological) or
cultural (meaning more environmental). But whether sexual
selection 1s accepted or whether it is rejected, it is realized
that it cannot be ignored, and for this reason, if for no other,
demands careful and explicit scrutiny.

A lot of not-always-tremendously-helpful things are said
about the Origin, at the head of which list is the claim that
the work is mislabeled because it is not about the origin of
species at all. It is true that the work 1s basically on evolution
and 1its major mechanism of natural selection, but there is
much on species, their nature and their causes. What else 1s
the principle of divergence but an attempt to show why the
world comes cut up at the joints, to use a phrase of Plato? It is
obvious that Darwin is going to have some tricky discussion
about the nature of species. On the one hand, he wants them
to be things that are real enough to merit discussion about

natures and causes. On the other hand, he wants them not to
be so fixed that they cannot change and evolve. Some or all are
in constant motion and change. So there is a paradox of a kind
here, but it is not mysterious and not in Darwin’s opinion
beyond understanding. What is surely true is that often dis-
cussion of the topic has been clouded by later proposals about
species, not to mention enthusiasts’ eagerness to claim Darwin
as one of their precursors — or conversely, to promote their
own importance by contrasting their successes with Darwin’s
supposed failures (Essay 11, “Darwin and Species”).

This much we can say, that Darwin surely thought that
species are real in some sense. There may be many borderline
cases — one hopes that there are borderline cases! - but spe-
cies are real. We can also say that Darwin was keenly aware
that reproductive isolation is an important part of the story.
Cabbages and humans don’t share offspring. However, there
is little doubt that Darwin was unwilling (unlike many taxono-
mists in the twentieth century) to put the entire burden on
reproductive isolation. He thought it broke down too often
to be reliable. Also, he was worried about the role of selection
in reproductive isolation. Or, rather, he was not so worried
about its role — he didn’t think it was there when it came to
producing hybrid sterility — but about the consequences for
such issues as the reality of species. As we shall see shortly,
factors like these take us to the heart of some of the most dif-
ficult and contentious issues surrounding natural selection,
so there is hardly any surprise that Darwin’s thinking on the
species issue generally causes differences of opinion. These
started as soon as he published and continue to this day. If
ever proof was needed that scientific understanding is more
than simply determining matters of brute fact, demanding also
philosophical and like (including historical) judgments, the
species problem provides it.

The most (deservedly) influential work in the twentieth
century about scientific change was Thomas Kuhn’s The
Structure of Scientific Revolutions. Well known is Kuhn’s
notion of a “paradigm,” a kind of way of thinking within
which scientists do all of their work (“normal science”) almost
all of the time. Equally well known is the claim that sometimes
paradigms break down and there is a switch to a new one, a
switch not entirely rational and much akin to a political or reli-
glous conversion, after which science resumes its normal state
and work proceeds now in the new paradigm. I don’t think
anyone would deny that something of this nature went on
in the Darwinian Revolution. Darwin’s teachers and elders,
men like Adam Sedgwick and William Whewell, really did
see the world in one way, and Darwin’s followers like Joseph
Hooker and Thomas Henry Huxley really did see the world
in another way. It is comforting to say that one side is wrong
and the other side is right, and in a way this is certainly true.
But it is not quite all of the truth. Sedgwick and Whewell were
as bright and informed as Hooker and Huxley. A kind of con-
version experience had occurred.

Having said this, it is clear that Kuhn often tells only part
of the story, and this is certainly true in the Darwinian case.
The impression certainly is that everything happens once and
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for all in one decisive stroke. Now you believe in miraculous
creation of organisms. Now you believe that organisms are
made by natural selection. In fact, this was not — or at least
only rarely - true. As we shall see, although generally speaking
evolution was a terrific success - by about 1870 it was becom-
ing the standard view in much of the Western world (the
American South, of course, excepted) — natural selection was
far less successful. It was not until the past century was into its
fourth and fifth decades that selection really started to catch
fire. So certainly, whatever it was in the way of a paradigm that
Darwin provided, it was not something within which the sci-
entific community from thenceforth happily worked.

There were various reasons for the caution about natural
selection, including a couple of scientific reasons that were
very important. The first was the problem of heredity (Essay
12, “Darwin and Heredity”). Natural selection demands a
constant supply of new variations, but then it is vital that these
variations stay around and be passed on. There is little point
in being a winner in the struggle for existence if your offspring
don’t have the very features that made you a success. Darwin
spent a lot of time struggling with these issues, even inventing
a hypothesis - “pangenesis” - to explain matters. Basically his
problem was that although he could see that sometimes fea-
tures do persist from generation to generation, he could not
get away from the belief that often features, however admira-
ble, get blended away in breeding — halfin the next generation,
then a quarter, and so forth. Before long even the best new
variation is lost. And his critics seized on this point and used
it as a refutation of the effectiveness of natural selection. The
problem was not to be solved until the beginning of the new
century. In Darwin’s defense, let us say that no one else had
much idea about what to do, except to criticize. It is true, of
course, that across Europe in his monastery garden in Brno,
in the Austro-Hungarian Empire, the monk Gregor Mendel
was doing work on pea plants that was to be recognized as
the foundational inquiry that led to modern theories of hered-
ity, genetics. But before one immediately concludes that it was
a tragedy that Darwin and Mendel never worked together or
symbiotically, one must recognize that Mendel was working
on technical issues of plant breeding and not setting out to fill
a gap opened by the Origin. Indeed, although Darwin never
read Mendel - he could have done, had he been searching
in that direction - Mendel read the Origin. But (as we can
tell from his marginalia), Mendel did not see that he had the
solution to the problem. To be honest, it does not seem that
Mendel was either bowled over by Darwin or horrified. He
was Interested in evolution, but it was not really his problem
(Fairbanks and Rytting 2001).

The other big scientific problem that Darwin faced was
that of time (Essay 13, “Darwin and Time”). Today we know
that, although evolution can be slow, it can and does at times
go really quite quickly. Natural selection can make for major
changes in short periods if need be. In any case, there is plenty
of time for evolution, fast or slow - life on earth started nearly
four billion years ago. Darwin always thought that selection
would be slow, probably too slow for us to record in our

lifetimes (a point of significance to be noted shortly), and he
had little idea about the available time. He made some calcu-
lations, suggesting that the earth is pretty old, but these were
derided by the geologists. Then, as the physicists started to get
involved in the problem, increasingly it seemed as if the time
available for change was very short and restricted. People did
not take this as a blow against evolution, but they thought it
told against natural selection. Darwin — who almost amusingly
was made very much aware of the problem by his son George,
a brilliant mathematician who was working with William
Thomson (later Lord Kelvin), the chief critic of a long-age
earth — did what he could to cover up or avoid the problem,
but basically he had to hope that some solution would eventu-
ally appear. It did, of course, when the physicists discovered
that radioactive decay generates heat and that, with this factor
acknowledged, the earth is plenty old enough for selection, at
whatever intensity or speed.

One should keep a sense of balance. Natural selection had
its many critics. Yet not all was gloom and doom. Darwin him-
self was convinced that his mechanism mattered. Botany was
a long-established passion, going back to Darwin’s attending
lectures on the subject when an undergraduate at Cambridge
(Essay 14, “Darwin’s Evolutionary Botany™). But it was after
the Origin that the interest and work really increased - a good
strategy for a sick man, living in the countryside, with money
to indulge his interests with greenhouses and gardeners, and
with well-connected botanical chums like Hooker ever ready
to send him specimens. There emerged a string of papers
and books on domesticated varieties, on climbing plants, on
insectivorous plants, on methods of fertilization, and much
more. Making a value judgment, the really delightful studies
came early in the 1860s on orchids. It seems clear not only
that Darwin was looking for something that would be a relief
and welcome change from the strain of writing the Origin but
that he was also after something where he could show that
natural selection really does produce adaptations and that
this is something of which the whole biological world should
take note. As an example of the new world into which Darwin
led us, even to this day there is no better introduction than
On the Various Contrivances by Which British and Foreign
Orchids Are Fertilised by Insects, and on the Good Effects of
Intercrossing. 1t is fascinating, for all that it is in competition
for the world’s most technical and boring title.

Even better than the flowers were the insects. If you think
about it, it is obvious that if natural selection is going to find
any supporters, it will be with insect biologists. They are deal-
ing with fast-breeding organisms, where strong and effective
adaptations - for survival, for food, for reproduction, above
all for avoiding predators — are going to be absolutely cru-
cial. That predator avoidance is fundamental was well known
before the Origin,and as soon as natural selection appeared on
the scene, it was being used to explain the techniques of such
avoidance, the adaptive strategies taken by insects (Essay 15,
“Mimicry and Camouflage™). Much successful effort was put
into explaining mimicry as a product of a differential repro-
duction brought on by the struggle for existence. It is nice
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to be able to report that Darwin was very appreciative of this
work, even to the extent of finding the major player (Henry
Walter Bates) a good job (albeit one that rather took him away
from his science). What is rather puzzling is that, although the
work found its way into later editions of the Origin, Darwin
never moved it quite as much up front and center as one might
have expected. This possibly could be related to the point just
noted: Darwin always had doubts about testing natural selec-
tion, simply because of (what he thought was) its slow-acting
nature and ability. Today, as we shall learn later, evolutionists
do not have such doubts and qualms, and mimicry and cam-
ouflage continue to have an important role in evolutionary
studies.

One thing that must be recognized is that, although the
problem of final cause was certainly shifted and changed
by the Origin, it was not obviously expelled or anathema-
tized (Essay 16, “Chance and Design; Essay 17, Darwin
and Teleology”). The Greeks had not been able to see how
blind, unguided law was able to create objects, organisms
particularly, that seem made with ends in view - entities
that seem as if designed. The eye exists for the purpose or
end of seeing, even if now it is not actually seeing (or if, for
some reason, it never did see). Natural selection is supposed
to speak to this, because as we know it does not just bring
about change but change after a certain fashion, namely in
the direction of adaptation or contrivance (to use the term
in Darwin’s title) or design-like features. The point has been
made already that Darwin’s creative work occurred in the
1830s, not 1850s. In the former period, the thinking of some-
one like Cuvier held sway, namely the thinking of someone
who agreed with the Greeks that final cause is all important.
By the 1850s, anatomists like Owen and Huxley - in their
day-to-day science they were often a lot closer to each other
than either liked to admit - were focusing much more on
homologies, similarities of structure, than on adaptation.
After all, the specimens with which they dealt were usually
dead, often very long dead, and so the needs of organisms
were not pressing issues, and adaptation was downplayed.
Structure persists, and finding links and connections was
taken to be the major task at hand.

So Darwin was solving a problem that, by the time he pub-
lished, many did not find pressing. This is obviously another
(major) reason why natural selection was not hugely success-
ful. It was solving a problem that many did not really see as
needing solving. Although conversely there were others, like
the botanist Asa Gray, who not only saw the need but were
not sure that selection was quite up to the job. They wanted
more, including special shoves in the right direction, from
God through the medium of new variations. Darwin had some
trouble expressing himself on this issue - in part because of his
own evolving thinking about the deity - but he was very clear
that, whether or not God exists, he must be kept out of sci-
ence. In this wise, Darwin certainly looked toward the secular
science of today rather than backward to the god-impregnated
inquiries that were, for instance, the staple of his Cambridge
mentors and teachers.

%

And finally, before moving on from looking at the Origin
directly, mention must be made of the fact that the book itself
was an exercise in evolution (Essay 18: “ The Evolution of
the Origin (1859-1872)”). It went through six editions and
involved a huge amount of rewriting and often expansion. It
used to be that it was always the sixth and final edition that was
reprinted. But scholarly opinion today has swung against this
and toward the first edition. For a start, the first edition is cer-
tainly easier to read, not having been torn apart and reworked
so often that it really does resemble something produced by a
committee. For a second, there are issues about whether the
corrections introduced by Darwin were always for the best. At
the linguistic level, Darwin added Herbert Spencer’s alterna-
tive term for natural selection, the “survival of the fittest.” This
has led to endless mistaken claims that natural selection now
reduces to the uninformative “those that survive are those that
survive.” At the conceptual level, Darwin messed endlessly
with his discussion of heredity, digging ever deeper pits into
which to jump. He tried to speed things up to account for the
(mistaken) constraints on time. And more.

This said, there are some very interesting changes, per-
haps most of all on the topic of progress. Before Darwin, it
was progress that fueled evolutionary speculation and accep-
tance. Evolution was a pseudoscience. Darwin changed that.
Evolution (at the least) was now accepted fact; it was common
sense. But what about progress and what about the status of
evolutionary thinking? In a passage quoted earlier, Darwin
made it clear that he did not accept an inevitable upward
charge, a kind of teleological force producing humankind. On
the other hand, he was a good Victorian, living off the wealth
of the Industrial Revolution, so he was not about to turn his
back on progress in society or progress in biology. The lat-
ter, however, had to be done in terms of selection - no god,
no special forces, no nothing like that. But Darwin certainly
implied that, by defining progress in terms of division of labor
(a kind of functioning complexity) and then invoking what
today’s biologists call arms races - evolving lines compete
and the adaptations get better — we get not only comparative
improvement but also a kind of absolute improvement leading
to human brains and thinking,.

If we look at the differentiation and specialisation of the
several organs of each being when adult (and this will
include the advancement of the brain for intellectual
purposes) as the best standard of highness of organisa-
tion, natural selection clearly leads towards highness; for
all physiologists admit that the specialisation of organs,
inasmuch as they perform in this state their functions
better, is an advantage to each being; and hence the accu-
mulation of variations tending towards specialisation is
within the scope of natural selection. (Darwin 1861, 134)

What is interesting is that this passage does not come in the
first edition of the Origin but has to wait until the third, admit-
tedly appearing only two years later in 1861. Perhaps this tells
us something about both the status Darwin hoped to achieve
for his theory and the success he had in his efforts. Darwin
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wanted to hit the jackpot; he wanted to elevate the status of
evolutionary thought from that of a pseudoscience to what we
might call a “professional science,” that is, something done by
full-time researchers in the laboratory or the university or the
like - the status that something like physics, and physiology
for that matter, now held. For this reason, although even in
the first edition of the Origin there are passages that betray
a progressivist commitment, generally Darwin tried to stay
away from such frank ideology. This is not the stuff of pro-
fessional science. The lack of enthusiasm for natural selection
suggests that Darwin was not fully successful in his aim, and
the (rapid) consequent bringing in of explicit discussion of
progress — the very thing that made for pseudoscience status -
suggests that Darwin realized that he had not achieved all he
wanted. The fact is that when the Origin was published, most
people immediately read it as a peon to progress, often mixing
it up with the thinking of Spencer, a fanatical progressionist.
And one suspects that Darwin, who was himself in favor of
progress of all kinds, simply decided to go with the flow and
get what he could. What this all means for the actual status of
evolution after the Origin is something to which we will have
to return.

Given that Darwin was a biological progressionist, one
infers that he thought our species, Homo sapiens, is relatively
important. This is indeed true, although from the first he was
convinced that we are completely and utterly part of the animal
world. No special divine interventions are needed to explain
our origins. Most probably the Beagle voyage, especially the
encounter with the Tierra del Fuegians, the denizens of the
land at the foot of South America, convinced the ship’s nat-
uralist of this (Fig. Introduction.8). Even the highest form of
human (aka the English) is but a step from the savage state,
a point made heavily by the rapid reversion to the norm of
three natives who had been brought to England on a previous
voyage, who had been turned into presentable Europeans,
and who were now being returned to lift up the general moral
and cultural level of their fellows at the foot of the continent.
Darwin never had doubts about human evolutionary origins,
and indeed the first explicit discussion of natural selection
that we find in the notebooks (about a month after Darwin
read Malthus) is applying the mechanism not only to human-
kind but to our brains and intellectual abilities. “An habitual
action must some way affect the brain in a manner which can
be transmitted.—this is analogous to a blacksmith having chil-
dren with strong arms.- The other principle of those chil-
dren. which chance? produced with strong arms, outliving the
weaker one, may be applicable to the formation of instincts,
independently of habits.—” (Barrett et al. 1987, N, 42).

In the Origin, Darwin did not want to conceal his views
about humans, but neither did he want the discussion
swamped before he could get the main points of the theory
out on the table. He therefore contented himself with the
greatest understatement of the nineteenth century: “Light
will be thrown on the origin of man and his history” (Darwin
1859, 488). But no one was deceived. As soon as Darwin pub-
lished, the world started talking about the “monkey theory,”

Ficure INTRODUCTION.8. Darwin’s encounters with the Tierra del
Fuegians in their natural habitat really disturbed the young naturalist. From
then on, he had no doubt but that even the most civilized of human being is
but a short step from the “savage.” Permission: Wellcome

and no one had any doubt that the real battle was going to
be over our species. Thus, for instance, Huxley and Owen
battled over the human brain, with the former making us part
of the primate world and the latter making us distinct from all
other living forms. Book after book started to pour forth on
the origins of Homo sapiens. And the popular press picked
up the idea and ran with it. The comic magazine Punch made
much of the controversy. For everyone, even if there had
been doubt about whether the English are right at the top,
there was absolutely none that the Irish are right at the bot-
tom (Fig. Introduction.g). Labored jokes about the doings
of Mr. G. ORilla became commonplace. For this reason, if
for no other, given his extreme reluctance to break from his
isolation, one suspects that (whatever his personal views), all
other things being equal, Darwin would have stayed out of the
debate about our species.
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Ficure INTRODUCTION.9. Darwinism became part of general Victorian
culture and was used to support various beliefs and prejudices, as in this
cartoon (from the magazine Puck in 1882) showing the Irishman as being
apelike. It is titled “The King of A-Shantee,” thus also bringing in prejudice
against Africans, with the pun on shanty (meaning run-down house) and
Ashanti (an African tribe from Ghana).

All other things were not equal. Alfred Russel Wallace is
interesting not only in his own right but as a contrast with
Charles Darwin (Essay 19, “Alfred Russel Wallace”). Coming
from a segment of society much down the scale from Darwin -
the lowest level of the middle classes rather than the high-
est — Wallace was an autodidact with respect to everything
including science, teaching himself the basics both through
reading and then through observations of nature as he pur-
sued a profession as a collector, visiting first South America
and then the Malay Peninsula as he sought exotic specimens.
Whereas Darwin was completely and utterly the professional
sclentist, always working within the system, Wallace was any-
thing but. To speak of him as a “maverick” is a kind way of
avoiding words like “flake.” He was brilliant and capable of
serious and lasting science. He discovered natural selection
independently, and his success, let there be no mistake, was
the end point of a long effort to pin down the origins of organ-
1sms. He thought creatively about such issues as mimicry and
also about biogeography. But he was always (quite fearlessly
for consequences) adopting strange and unconventional ideas,
starting with evolution itself in the mid-1840s when, thanks to
Vestiges (which turned Wallace into an evolutionist), evolution
was the epitome of a pseudoscience. This was followed later
by enthusiasms for socialism, vegetarianism, land reformism,

and more - including, to the horrified amazement of the scien-
tific establishment, total and utter commitment to spiritualism
(a cozy belief that he shared, incidentally, with Chambers). In
the mid-1860s, Wallace became convinced that only by invok-
ing unseen spirit forces could one explain the evolution of
humans. We have features like our hairlessness and our large
brains that simply cannot have been produced by natural
selection. There must have been SOMETHING MORE.

Darwin was appalled. This would destroy their joint
child. He was spurred to action, and in 1871 he produced his
own work on our species, The Descent of Man and Selection
in Relation to Sex (Essay 20, “Darwin and Humans”). It is,
as any reader can vouch, a very oddly balanced work, for a
full three-fifths is on the secondary mechanism of sexual
selection. Interesting as this is, one feels that it is somewhat
out of place in a book ostensibly on human evolution. Until,
that is, one realizes that it is all a response to Wallace. Darwin
agreed with Wallace that there are aspects of human nature
that it is hard to put down causally to natural selection. Why,
for instance, do we find the racial variations that we do? And it
was here that sexual selection came to the rescue, for Darwin
argued that human evolution is deeply indebted to the ways in
which humans (males in great extent) are into the business of
choosing mates. He included some prime nineteenth-century
anthropological speculations. Quoting the explorer Richard
Burton on the large bottoms of some African women, we learn
that the men “are said to choose their wives by ranging them
in a line, and by picking her out who projects farthest a tergo,
Nothing can be more hateful to a negro than the opposite
form” (Darwin 1871a, 2:346) (Plate V). Recent scholarship has
made it very clear that Darwin’s thinking about humankind
was greatly influenced by his family’s detestation of slavery, a
major issue in British circles in the early part of the nineteenth
century. The truth of this, however, should not conceal that
Darwin is a child of his time in other respects also, and that
even a liberal Victorian would have views of non-Europeans
that make us blanch today. The question is how easy it is, or
if it is truly possible, when faced with someone like Darwin
from a culture so different from ours, to distinguish between
the objective scientific findings and the subjective cultural
prejudices.

Whatever the merits of Darwin’s argumentation about
humans, no one can deny that one thing that he did was open
up and inspire much more fully a host of related inquiries
about human nature - inquiries that were gathering steam as
researchers spread out across the globe (in the wake of the
empire building of the Victorians) gathering comparative
information on very diverse societies. One area that received
attention from Darwin himself and that was of keen interest to
many more generally was that of language or linguistics (Essay
21, “Darwin and Language”). In a way, it was almost natural
that this topic would be of such interest, particularly given the
exposure not only to the range of European languages, but
also now to the languages of the East. Whatever the moral
merits, governing a subcontinent demanded knowledge of the
local tongues — an urge that was being felt strongly by the time
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the Descent was published, because after the Indian Mutiny
(of1857) the crown took over the governing of the country and
started to introduce significantly more professionalism in its
running. With this increasing exposure to and understanding
of language, although not all were immediately enthusiastic,
the time was ripe for an evolutionary analysis, trying (as did
Darwin in the Descent) to show how it might have come into
being and how it might have diverged as societies themselves
diverged and moved apart. One point of some interest was
how one was to explain causally the spread and divergence
of languages. Although, as we shall see later, the analogical
invocation of the pressure of the struggle with consequent
selection is still somewhat controversial, it was something that
appealed to Darwin. “As [Oxford Sanskritist] Max Miiller
has well remarked: - ‘A struggle for life is constantly going on
amongst the words and grammatical forms in each language.
The better, the shorter, the easier forms are constantly gain-
ing the upper hand, and they owe their success to their own
inherent virtue”” (Darwin 1871a, 1:60).

Morality also was something of great interest to Darwin,
and there is an extensive discussion of the topic in the Descent
of Man (Essay 22, “Darwin and Ethics”). Darwin thought
carefully about how a mechanism with a struggle for existence
at its heart could nevertheless produce beings that are genu-
inely thoughtful and caring for the well-being of others. It is
worth pointing out that there is a major difference between
Darwin’s treatment of the topic and that of others, most par-
ticularly that of his contemporary Herbert Spencer (Essay 23,
“Social Darwinism”). For the latter, the aim is essentially one
of justification: how do we ground moral claims, what makes
them right? With what many Victorians perceived as the fall of
religion and its failure to provide a firm backing for the moral-
ity needed 1n an industrial society, evolution for Spencer and
his many followers seemed like an attractive modern, secular
alternative. And it was here that progress came into play, for
1t was taken to be the ground of right action. In his 1857 essay,
“Progress: Its Law and Cause,” Spencer staked his banner
even before the Origin: “Now, we propose in the first place
to show, that this law of organic progress is the law of all pro-
gress. Whether it be in the development of the Earth, in the
development of Life upon its surface, in the development of
Society, of Government, of Manufactures, of Commerce, of
Language, Literature, Science, Art, this same evolution of the
simple into the complex, through successive differentiations,
holds throughout” (Spencer 1857, 244). In Spencer’s mind,
and those of his many followers, doing good means cherish-
ing and aiding progress. Doing bad means ignoring or hurting
progress. For all that in the Descent and elsewhere his own
personal moral convictions often shone through, Darwin was
not really into this sort of enterprise. He was more working
in the role of a scientist, trying to show the nature of moral-
ity and how it is that it has come about and stays in action.
Having said this, philosophically one does see Darwin in the
tradition of British empiricism, where morality is ultimately a
matter of emotion rather than correspondence to some disin-
terested objective truth. What else can one say about a person

who actually contemplates a situation where, were selection to
dictate such an action, the highest moral imperative might be
to kill one’s brothers?

Note incidentally just how misleading itis to lump together
all who took seriously the possible worth of biology for ethical
behavior. Herbert Spencer was drawn to laissez-faire capital-
ism, thinking that it was this that leads to an upwardly rising
society; although, after visiting America, he inclined to think
that all work and no play certainly does make Jack a rather dull
boy. Wallace, with his inclinations to socialism, was more into
group explanations and the eventual emergence of good feel-
ings toward all. Somewhat paradoxically, given that he was not
atall keen on the idea of sexual selection through female choice
in the animal world, he rather thought it might be effective in
the human world. Society will be upgraded by young women
choosing only the best young men as breeding partners. If he
was basing this on personal family observation, one can only
conclude that the Wallace children must have been as odd as
their father. Huxley, although he was dedicated to progress, to
improving the lot of his fellow countrymen, almost from the
first had grave doubts about sunny optimistic readings of the
evolutionary process. He saw the necessity of a lot more strug-
gle against our animal nature than did someone like Spencer.
He referred to himself as a “Calvinist” and when one thinks of
his frequently gloomy take on humankind, there is much truth
in this. No doubt the fact that he himself was subject to crush-
ing depressions fed into this philosophy.

In this context, there has been much debate about the cat-
egory in which we should place Darwin himself. Was Darwin
a Social Darwinian? The answer is mixed. If you are thinking
about a harsh master, of the kind often found in the novels of
Charles Dickens, then clearly not. But he was very much a
child of his time, particularly of his manufacturing, capitalist
class. As he made clear in a letter to a correspondent (Swiss
law professor Heinrich Fick, on July 26, 1872), he had little
or no time for working men’s unions, writing that “the rule
insisted on by all our Trades-Unions, that all workmen, - the
good and bad, the strong and weak, - shd all work for the same
number of hours and receive the same wages. The unions are
also opposed to piece-work, — in short to all competition. I
fear that Cooperative Societies, which many look at as the
main hope for the future, likewise exclude competition. This
seems to me a great evil for the future progress of mankind.”
More through hope than conviction, he added: “Nevertheless
under any system, temperate and frugal workmen will have
an advantage and leave more offspring than the drunken and
reckless. - 7 (DCP, 8427f).

One issue that lay behind natural selection from its first
introduction and that becomes a matter of real, pressing
importance by the time of the discussion of morality in the
Descent is that of the level at which natural selection might
be expected to operate (Essay 24, “Darwin and the Levels
of Selection”). When Darwin introduces the struggle in the
Origin, he makes it clear that it is every individual for itself -
that “as more individuals are produced than can possibly
survive, there must in every case be a struggle for existence,
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either one individual with another of the same species, or
with the individuals of distinct species, or with the physical
conditions of life” (Darwin 1859, 63). But how then can he
explain what is now known as “altruism,” where one organ-
ism gives to another even at the cost of its own reproduction?
The social insects were particularly troublesome, because
here you find sterile female workers, who give their all to the
nest and apparently do nothing for themselves. Darwin did
not have the insights of modern genetics, so any solution he
offered was bound to be at best partial. But he did sense that
relatedness was the key — somehow, even the greatest altru-
ist 1s helping relatives and not mere strangers. Today, we
use the term “group selection” (as opposed to “individual
selection”) to denote selection producing (at cost to oneself)
features that help others. The question is whether the term
should be restricted to those others who are nonrelatives or
whether it can be extended to all, related or not. Most biolo-
gists today would restrict the term, in which case Darwin
is not a group selectionist in the Origin. Call him, if you
will, a “family selectionist” or some such thing; but recog-
nize that individual selectionists would claim that as one of
their own. Certainly this seems in line with the years after
the Origin, when Darwin and Wallace thrashed out the topic
with Wallace (an ardent socialist) always inclining toward
group selection (and incidentally iffy about aspects of sexual
selection, something firmly individualist). The Descent was
and is a matter of great controversy, with even those inclined
not to think there is group selection earlier agreeing that,
when it comes to morality, Darwin finally softens and allows
group selection (involving nonrelatives). The weasel word in
the discussion is “tribe.” If this includes nonrelatives, then
Darwin is truly a group selectionist (as the essay on language
in this encyclopedia claims him to be). But don’t overlook the
letter Darwin wrote later to a son, where explicitly he likened
a tribe to a hive of bees or a nest of ants. This suggests that he
was consistent to the end, never wanting to go beyond family
selection, something more on the individual-selection end of
the scale than the group-selection one.

And so we come to the topic of ongoing fascination: Charles
Darwin and religion (Essay 25, “Darwin and Religion”).
There has been much disagreement, but usually this reflects
the diverse interests of those asking and discussing, for actu-
ally there is a lot of pertinent material, and the main points are
pretty clear. Darwin’s religious life fell into three phases. The
first from childhood up to the time on the Beagle was when he
was a fairly conventional and committed Christian, secure in
the beliefs of the Church of England. Then his formal com-
mitment started to fade (quite quickly), and he became what
should be described as a “deist,” that is, one who believes in a
kind of god who is an unmoved mover. This is a god who set
everything in motion and now sits back and lets events unfold,
as by clockwork. Fairly obviously, evolution is a testament to
the power and magnificence of such a god, for no miracles are
needed. It was a powerful and natural vision for a child of the
Industrial Revolution - a god who works through machine

rather than by hand - and it was backed by the arguments of
the protocomputer inventor Charles Babbage, a good friend
of Darwin’s brother Erasmus, who (in his Ninth Bridgewater
Treatise) showed how miraculous-type exceptions could be
programmed in and occur occasionally entirely by virtue of
unbroken law (Fig. Introduction.10). The deism lasted right
through the writing of the Origin, but then this too started to
fade and vanish. Darwin never became an atheist, in the sense
of total denial of any kind of god, but he was certainly happy
to adopt Huxley’s new term of “agnostic.” It should be added
that, like many nonbelieving Victorians, it was not science that
turned Darwin from religious conviction but theology - he
could not stomach the eternal damnation of nonbelievers and
that sort of thing.

As the essay on religion points out truly, what does come
across very strongly when studying Darwin and his life is just
how nonemotionally involved he was in religion. He had to
think about it quite a bit, both as he was growing up and then
when he had his theory, one that so clearly did impinge on
religious belief - but he never seems to agonize over it, nor is
it an obsession. In this he contrasts strongly not only with his
Cambridge teachers, clergymen down the line, but also with
his friends. Lyell, who worshiped with the Unitarians for a
while, obsessed about the status of humankind. Huxley, who
was the arch nonbeliever, nevertheless kept picking away at
religion like a scab that never heals. Darwin just assumes that
humans are part of the selective landscape without a hint of
a worry. That’s just not his fight. And the same is true of the
discussion of religion in the Descent. Although he covers him-
self by saying that discussion of origins does not tell you about
truth value, his neo-Humean theorizing about the rise of reli-
gion - likening it to the antics of his dog on a windy day when
the parasol flaps around - suggests that he thinks it all pretty
much superstition. Compared to morality, the treatment of
religion is brief. For Darwin, that is as it should be. Morality
matters. Religion does not.

Having said this, one should never underestimate the
extent to which the religion of his early years left its mark on
Darwin’s thinking. Most obviously there is the obsession with
adaptation, a direct result of the heavy influence of British
natural theology with its great regard for the argument from
design. To this day, ultra-adaptationists tend to have grown
up immersed in this theology, and critics tend to be those for
whom the tradition is quite alien. Then there is the tree of life,
something lifted (metaphorically) right out of Genesis. Even
that wonderful concluding passage of the Origin may well be
a modification of a natural theological peon of praise to the
Creator. Compare the earliest version that we have (from the
“Sketch of1842”) with a passage, written by the Scottish phys-
icist David Brewster, something read by Darwin just before he
discovered natural selection. First Brewster:

In considering our own globe as having its origin in a
gaseous zone, thrown off by the rapidity of the solar rota-
tion, and as consolidated by cooling from the chaos ofits
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THE NINTH

BRIDGEWATER TREATISE.

A FRAGMENT.

BY

CHARLES BABBAGE, ESQ.

*We may thus, with the greatest propriety, deny to the mechanical philosophers
and mathematicians of recent times any authority with regard to their views of
the administration of the universe; we have no reason whatever to expeet from
their speculations any help, when we ascend to the first cause and supreme ruler
of the universe. But we might pahaps go farther, and assert that they.are in
some respects less likely than men employed in other pursuits, to make any clear
advance towards such a subject of speculation."—Bridgewater Treatise, by the
Bev. Wu. WHEWELL, p. 334,

SECOND EDITION.

LONDON :
JOHN MURRAY, ALBEMARLE STREET.

MDCCCXXXVIIL

Ficure INTRODUCTION.10. Charles Babbage, the inventor of a protocom-
puter, was a good friend of Charles Darwin’s brother Erasmus. This book
was an unofficial addition to a series of works on natural theology sponsored
by the Earl of Bridgewater. Babbage showed how he could set his computing
machine to produce the natural numbers in regular order up to a million
and one, and then without interference but according to initial conditions
the succession would change to produce all sorts of unexpected numbers
(in Babbage’s example, 100,010, 002 rather than 100,000,002). The conclu-
sion was drawn that miracles, meaning unexpected occurrences, can be part
of the natural order without need of divine intervention. Title page of C.

Babbage, Ninth Bridgewater Treatise (London: John Murray, 1838)

elements, we confirm rather than oppose the Mosaic cos-
mogony, whether allegorically or literally interpreted....

In the grandeur and universality of these views, we
forget the insignificant beings which occupy and disturb
the planetary domains. Life in all its forms, in all its rest-
lessness, and 1n all its pageantry, disappears in the mag-
nitude and remoteness of the perspective. The excited
mind sees only the gorgeous fabric of the universe, rec-
ognises only its Divine architect, and ponders but on its
cycle and desolation. (Brewster 1838, 301)

Then Darwin:

There is a simple grandeur in the view of life with its
powers of growth, assimilation and reproduction, being
originally breathed into matter under one or a few forms,
and that whilst this our planet has gone circling on
according to fixed laws, and land and water, in a ¢ycle of
change, have gone on replacing each other, and from so
simple an origin, through the process of gradual selec-
tion of infinitesimal ckanges, endless forms most beau-
tiful and most wonderful have been evolved. (Darwin
1909, 52; italicized words are those echoed)

Darwin died in 1882. Even before that, though, the world was
starting to pick up and move on, taking his ideas, using them,
modifying them, and sometimes rejecting them. Looking at
the reception of Darwinism in every country would be a huge
task, quite swamping all else. Fortunately, there are now many
good surveys, freeing us here to focus more on specific coun-
tries and examples. Let us start, as we must, with the two chief
Anglophone countries, Britain and America. The former is
the home of Darwin and his ideas, and the latter is, by any
measure, the country that has done most in working on and
developing evolutionary ideas, notwithstanding the paradox
that it is also the country where opposition has been highest.
Then let us move to the two countries that have the greatest
in-depth history of evolutionary theorizing, Germany and
France. What happened in those two lands and how did they
handle the fact that it was an Englishman, thinking in a very
English fashion, that made the major evolutionary moves?
After that, the choice becomes more open, and many coun-
tries (like Russia) have good reason to be considered and dis-
cussed. Included here is an essay on China, illustrating how
evolutionary thinking moved right across the world and how
it was received in a culture that, although modernizing rapidly,
was still (from Western perspectives) alien in the extreme. And
concluding is a discussion of Darwin’s fate in South America,
something fairly deserving attention because it was after all
in that part of the world that the young Darwin traveled and
began his evolutionary speculations. Throughout the aim is
not so much to emphasize specific issues but to give general
assessments and to see how social and cultural factors affected
the story of Darwin’s science.

Already we have been primed for the story of the recep-
tion of Darwin’s thinking in his home country (Essay 26,
“Darwinism in Britain”). Evolution is accepted. In large mea-
sure natural selection is not. What does seem clear is that
Darwinism, meaning the ideas inspired by his thinking, is - part
cause and part effect - a major element in the overall cultural
and metaphysical shift that we see in Britain in the second half
of the nineteenth century. As already intimated, by midcentury
it was becoming very clear that the old norms and ways were
simply not adequate for a country that had industrialized and
become (almost overnight) an urban-based rather than rural
society. For many, religion was increasingly being seen as not
just false but irrelevant; new, more professional methods of
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running the country (and empire) were needed; science itself
was becoming more university based and, although we know
it would be very misleading to refer to Darwin as an amateur,
the kind of gentleman-researcher that he represented was
increasingly becoming rare and out of place; and there was
much more, including the arrival of universal male suffrage
and state-supported elementary education for all - after the
Reform Act of 1867 it was quipped that “we must educate our
masters.” In an important way, the move was from a spiritually
based, oligarchic society to a materialist-based, democratic
society, and science and technology had central roles in this
new system. There is a reason why the debate (at the British
Association in 1860) between the bishop of Oxford Samuel
Wilberforce and the professor of mines Thomas Henry
Huxley took on such mythic proportions, for the clash was
between the old ideology - decked out in Elizabethan clerical
robes — and the new - dressed in a modern business suit (see
Plates VI and VII).

For Huxley and his supporters, Darwinism was much
more than a science - it was a secular substitute for the old
religion, a metaphysical foundation for the new order of
things. In good reason, this was why the actual mechanism
was of less importance. It was what Darwinism represented,
blind law working endlessly, to bring on change, that really
counted. Although remember what has been noted already.
It was not blind law working to no purpose. It was law bring-
ing on progress, in society mirroring progress in biology.
Darwin, we know, endorsed this vision, but - a point to which
we are already sensitized — above all it was the philosophy of
Herbert Spencer. As it happens, by century’s end, troubles
in the empire, poverty and depressions at home, and military
arms races with Germany were making hopes of progress
seem empty and shallow. In the light of what was just said, it
is little wonder that Huxley was led to write his great essay,
“Evolution and Ethics,” denying that we see such an upward
process. But the underlying vision of'a material world, unaided
by spirit forces from without, persisted. This is not to say that
there was no evolutionary science, but it tended not to be very
causal and significantly increasingly it was something to be
found more in the museums, places that existed for display
and education, than in universities, places for research and the
advance of knowledge.

The story of the reception of Darwin in America is a fas-
cinating tale of how preexisting culture and needs affect and
condition the reception of new ideas (Essay 27, “Darwinism
in the United States, 1859-1930”). The major and well-known
clash at the time of Darwin himself was between his cham-
pion, Asa Gray, professor of botany at Harvard, and the like-
wise Harvard-based Louis Agassiz, a strong antievolutionist.
Because evolution eventually won the day, the usual assump-
tion is that Gray would have been the major influence in the
New World. This was not true, even though it raises the mas-
sive paradox that the very person whose ideas were the focus
of attack in the Origin was he who had the real influence.
Agassiz had the students. After the Civil War, in the North,

as in Britain, industry and urban society grew exponentially
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Ficure INTRODUCTION.11. The stegosaurus, one of the giant dinosaurs
discovered in the American West toward the end of the nineteenth century

and, as in Britain, a science- and technology-based world
picture grew to dominate. Evolution was at the heart of this
vision. It is therefore not surprising that virtually all of those
students, including Agassiz’s own son, became evolution-
ists. Expectedly, however, the form of their evolution owed
far more to morphology- and homology-exhibiting arche-
types — precisely those things cherished by the nonevolution-
ary Agassiz, student of the Naturphilosophen philosopher
Friedrich Schelling and anatomist Lorenz Oken - than to
natural selection and its explanations of British adaptation-
1sm. Naturally, Herbert Spencer, with his message of progress,
was deeply appreciated.

Of course, particularly with a country as big and diverse
as America was then becoming, one should be careful about
sweeping generalizations. Given the demands of agriculture
in that country, intensified after the war with the building of
the railroads and the opening of the prairies and the routes to
the West, there was much interest in methods of breeding, and
this certainly spilled over to an appreciation of the merits of
natural selection. As in Britain, however, one senses that much
that occurred was less than fully focused causally, or invoked
causes more liked for the metaphysical (often progressivist)
implications than for their scientific merits. The magnificent
fossil discoveries in the West of the United States and Canada
bolstered the beliefs in evolution as such, but also they con-
tributed to what (as in Britain) was becoming a pattern, where
museums became very much the homes of the evolutionist,
places of display and education and less of ground-breaking
research (Fig. Introduction.11). This was reinforced in the
United States particularly with a turn by biological investiga-
tors from broad historical studies to much more reductionistic
laboratory studies. A bright student went for Germanic-type
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training to one of the new universities like Johns Hopkins,
spending summers at research institutes like the one at Woods
Hole in Massachusetts, rather than roaming the West for fos-
sils or the fields and forests for butterflies.

What of Germany itself? (Essay 28, “The German
Reception of Darwin’s Theory, 1860-1945”) From at least the
end of the eighteenth century there were thinkers who accepted
some kind of evolutionary perspective or another. It was usually
if not always mixed up with analogies with individual develop-
ment and thus led to a kind of progressivist reading of life’s
history, the kind that made Darwin so uncomfortable when he
separated himself from views about inevitable, upward change.
This continued after the Origin, especially at the hands of the
great morphologist Ernst Haeckel - he who popularized the
individual-group connection with his so-called biogenetic
law, “ontogeny recapitulates phylogeny.”” To this day, there
are debates about just how much of a Darwinian we should
consider Haeckel. Undoubtedly he was an enthusiast for the
Origin, and nigh hero worshiped Darwin himself. But his writ-
ings show strong evidence of his own intellectual heritage, with
a taste for tracing trees — that he himself illustrated memora-
bly - rather than working on the ways in which a mechanism
like natural selection could produce organisms and their adap-
tations. This was the same for others too. Perhaps directly as a
result of Haeckel’s own urges to make a full-blown metaphysi-
cal picture of his science - at times, he even gave tremors to
Huxley - evolution in Germany in the later years of the nine-
teenth century was rarely quiet or unchallenged. It figured in
debates about society and religion and more. How long-lasting
were these effects and what their ultimate outcome is still con-
tested today. American biblical literalists, fundamentalist or
creationists (of which more later), combine their critiques of
Darwinian evolution as science with the claim that it 1s morally
pernicious, having led in a fairly direct line to the vile doctrines
of the National Socialists. As you will learn from the essay
given here, the truth is very different. Something had to lead to
Hitler and his vile minions, and no one would deny the racism
of the nineteenth century - shared pretty much by everyone
mcluding Darwin — must have had some input. But to pick out
Darwin and his follower Haeckel for special condemnation 1s
to make a politically motivated moral charge on the back of a
historical falsehood.

General opinion among English-speaking historians
of evolution is that after the Origin the French went into a
century-plus sulk, from which they are only just now emerg-
ing, if that. They did not discover natural selection and, as the
country that had done most in the century and a half before
to put evolution on the map, the failure and the perceived dis-
grace was too much to bear. They wanted nothing to do with
Darwin or anything connected with him. In fact, as 1s so often
the case with oft-told tales, there 1s some truth in all of this,
but the real story is much more complex and interesting, so
much so that there are two essays covering the period from
the Origin to the present. Certainly today Darwin is genu-
inely acknowledged and respected for his work. The magnif-
icent Muséum National d’Histoire Naturelle, in the botanic

gardens on the bank of the Seine, has an exhibit on evolution
that gives Charles Darwin all of the credit that he deserves.
But it is true that it was a long time coming. After the Origin,
Darwin as a scientist was respected, Darwin as a support for
all sorts of speculations about human nature and society was
eagerly turned to good use - generally, much to the chagrin of
Darwin himself - but Darwin as an evolutionist among profes-
sional biological circles was a nonstarter (Essay 29: “Darwin
and Darwinism in France before 1900”). The great French
biological scientists of the day, notably Claude Bernard and
Louis Pasteur, set the pace and the standards, and their kind
of hard-nosed, bench-based, experimental science was not
welcoming toward the kind of naturalist-inspired specula-
tion of the Origin. (We shall see the same story with Germany
and botany.) And, of course, there was the home-grown
Lamarckism ever-ready to provide answers for those who
asked the pertinent questions. So overall, we should probably
see French reactions as part of a general type of reaction to the
Origin - eagerness to co-opt for ideological ends and a sense
that Darwin’s style was out of kilter with the direction of pro-
fessional biology - and not necessarily as something specific
to that particular country.

At the burial of Karl Marx - somewhat amusingly he lies
in Highgate Cemetery London, literally facing the remains
of Herbert Spencer - his great supporter Friedrich Engels
praised Darwin for having done in the biological world what
Marx had done in the social world. In fact, Marx’s reaction to
Darwin was interestingly nuanced. He devoured the Origin as
soon as it appeared, writing a couple of years later to Engels:
“It 1s remarkable how Darwin rediscovers, among the beasts
and plants, the society of England with its division of labour,
competition, opening up of new markets, ‘inventions’ and
Malthusian ‘struggle for existence” (Marx and Engels 1975-
2005, 41:380; letter from Marx to Engels, June 18, 1862). He
did think sufficiently highly of Darwin that he sent a copy
of Das Kapital to Darwin. (It remained in Darwin’s library
uncut!) Because of this, in those countries taken over by groups
ostensibly following in the footsteps of Marx, Darwin got high
praise, even when, judged objectively, the science of the land
was being perverted by politically influenced factors, refer-
ring especially to the Soviet Union and the disastrous effects
of the charlatan agronomist Trofim Lysenko. Expectedly, the
praise is usually directed toward the ends of the speakers and
their patrons. In Communist China, we find that Darwin is
lauded as much for his materialism-atheism as for anything
strictly scientific (Essay 30, “Encountering Darwin and
Creating Darwinism in China”). You should not think that
this use of Darwin for political and social ends was some-
thing new. Long before the communists, Chinese intellectu-
als were using Darwin’s ideas - and, as often as not, Herbert
Spencer’s ideas flying under the colors of Darwinism - in
the cause of deserved cultural changes. After the devastating
war with Japan at the end of the nineteenth century, Darwin’s
claims about the struggle for existence found favorable read-
ers, as did various thoughts of progress and of the need to
strive for success. One reason why Darwin was praised was
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because he showed the kind of reverence for ancestors that the
Chinese appreciate. Was he not following in the footsteps of
Grandfather Erasmus? Unfortunately the first war with Japan
was followed by a second starting in the 1930s, which mor-
phed into the general worldwide conflict ending only in 1945,
at which point a civil war took over. Science generally in China
suffered, and this affected evolutionary studies in particular.
Today, as is well known, particularly thanks to fabulous fos-
sil discoveries, Chinese evolutionary studies are thriving, and
it will be interesting to see if they challenge the overall dom-
inance of the West as the country seems to be doing in the
economic field.

Finally, there is South America (Essay 31, “Darwinism in
Latin America”). There are many different countries in the
region with many different challenges, so it is hard to make
firm generalizations. Positivism in some version was a major
influence on the thinking of scientists and others, including
politicians. Here as elsewhere, when one speaks of evolu-
tion, it is usually better to think first of Herbert Spencer (and
Haeckel to a certain extent) and only secondarily of Darwin,
although it is the latter who usually gets the great praise and
respect. Some kind of evolutionary positivism or naturalism
seems to have been the mark of the forward-looking thinker.
Sometimes, perhaps expectedly but regrettably, the ideas of
evolution were used to rationalize beliefs and practices that
would have shocked the old scientist in his greenhouses
down in Kent. This applies particularly to the extermination
of the natives in Argentina, something a troubled Darwin
wrote about in the Voyage of the Beagle. For all of his Victorian
views about race, in the Descent Darwin made it very clear
that his sense of the struggle between races (and the conse-
quent fitter elements) was that the real focus should not be
on violence and who beats whom but on the immunity of
Western races to diseases that wipe out native populations.
What should never be forgotten, however, is that, though the
countries of the continent often used evolutionary ideas more
for political and social ends than for strict science, Brazil was
the home of the German-born Fritz Miiller. Given that Bates
and Wallace both worked in Brazil, there must be something
overwhelmingly inspiring about the insect life in that region,
for it was Miiller who (following Bates) made significant and
lasting contributions to our understanding of mimicry. That
part of the world will always have a special place in the hearts
of Darwinians.

And now, as we move from Darwin’s nineteenth century
into the recently finished twentieth century, let us pause again
to take the temperature of the times, or rather to assess the
status of evolutionary thinking. For the first 150 years of its
life, evolution was a pseudoscience, riding on the back of
the ideology of progress. Charles Darwin set out to change
things. He put together the evidence for evolution so that it
became common sense. He provided a mechanism of change,
one that spoke to the big problem of final cause. Darwin him-
self wanted to create a mature science of evolutionary studies,
what we can call a professional science - or if you like, normal
science working within an established paradigm. We must
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conclude that he was only partially successful. Obviously
there were professional scientists doing evolutionary studies.
Ernst Haeckel is a case in point, and it would be wrong to
deny that his attempt to work out relationships and histories
was professional science. But note how often the work being
done was either noncausal or all over the place with respect to
what made things work and change. Again and again, people
were far more interested in the social implications of evolu-
tion than in working on technical problems about the nature
ofliving beings. There was some work using natural selection,
but it was very much the exception rather than the norm. And
by century’s end, evolution was truly much more the science
of the museum than it was of the laboratory. Historians of the
period talk of the “revolt from morphology,” meaning that
around the beginning of the new century there was a whole
new breed of biologists — people like the geneticist William
Bateson in England, the cytologist Edmund B. Wilson, and
the future geneticist Thomas Hunt Morgan in America, who
were turning to bench studies, highly reductionist in outlook,
determined to make of biology a science to stand with any
other (namely the physical sciences). Evolutionary studies
were out of the loop.

By andlarge, evolution became what one might call a “pop-
ular science” - respectable (more or less) but not cutting-edge
science, more philosophical and background than anything
else. In some hands, it became virtually a secular religion, an
alternative suited for the industrial, urban world, to compen-
sate for the perceived failure of the more conventional religions
of the past. It is amusing how often the palaces of evolution,
otherwise known as natural history museums, now being
built in major city after major city, were so often modeled on
medieval cathedrals (see Plate VIII). Instead of going to the
Church of Christ on a Sunday morning, the family could go
to the Church of Darwin on a Sunday afternoon. Who was
responsible for all of this? As we have seen, there were many
factors, from the problems of the science to the need of alter-
native philosophies. Darwin himself was perhaps a major cul-
prit. A rich man who could afford to do as he pleased, he did
rather shut himself away, pursuing his own interests, leaving it
to lieutenants like Huxley to go out and do the hard work of
proselytizing. Had he been prepared to pour some of his con-
siderable fortune into a research institute of selection studies,
perhaps things might have been a little different. But it was not
to be, and, to be fair, remember, apart from the real handicap
of the ongoing sickness, Darwin probably did not think that
such an effort would really pay dividends.

And yet, the story did not end there. Today, if anything is
a professional science, a paradigm supporting normal science,
itis evolutionary biology, and Darwin’s contributions are right
at the center. His ideas matter. So let us pick up the thread and
see what happened next, starting with the rediscovery of the
work of Gregor Mendel. It is satisfying to begin the story with
botany (Essay 32, “Botany: 1880s to 1920s”) - satisfying both
because so often botany gets pushed aside in favor of animal
studies and because botany, in fact, has always played a vital
role in evolutionary studies. Mendel, after all was working on
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pea plants, not fruit flies, and the same focus on plants is true
of many who followed him, including some of the key figures
of the twentieth century such as Ronald A. Fisher. What is
important is the way in which we see the beginnings of the
move from a rather low-grade science to one that is much
more rigorous and professionally acceptable. It did not hap-
pen in an easy, straight line because we have Darwin himself
using selection and yet, with some good reason, criticized for
his rather old-fashioned experimental methods, and then we
have leading German researchers like Julius von Sachs, who
for all his sophistication did not embrace much by way of
evolutionary causation and certainly not selection. But all of
this was about to change, and plant studies as much as animal
studies were part of the work and evidence.

The rediscovery of Mendel’s ideas at the beginning of
the twentieth century was the crucial event, moving evolution
from its past toward its future. How much Mendel himself
truly realized what he had done, and how much later think-
ers read back into his work what they wanted to find, are still
matters of historical debate. The point is that now the way was
being opened for an adequate theory of heredity, something
so lacking and so needed by the theory of the Origin (Essay
33, “Population Genetics”). What was necessary was that the
genetics be extended from individual organisms to factors of
heredity working in populations. Unlike Lamarckism, to take
an example, natural selection is something that acts not on the
individual but is meaningful only in groups. Thanks to some
very mathematically gifted biologists, this work was done, and
so by around 1930, the framework of a full theory or paradigm
of evolutionary change was starting to emerge.

But even with the mathematics done, this, to use an anal-
ogy, was just the skeleton. Now, the task turned to the natu-
ralists and the experimentalists to supply the empirical flesh.
What was needed was not simply people committed to evo-
lution and trained in the pertinent science, but people with
vision, the Thomas Henry Huxleys of their days, able to build
groups and find funding and attract students and do all of the
things needed to get an area of science functioning as mature
work - as normal science, to use Kuhn’s phrase, or what has
been termed as professional science. In the United States,
the key figure was the Russian-born geneticist Theodosius
Dobzhansky (Essay 34, “Synthesis Period in Evolutionary
Studies”). He took a proposal by the American geneticist
Sewall Wright, the “shifting balance theory” - at least, he took
the version that used the pictorial metaphor of an “adaptive
landscape” (Dobzhansky, to be candid, was never very strong
on mathematics) - and used it to pursue studies in the wild
and in the laboratory. Following his teacher Morgan in tak-
ing the little fruit fly as the model organism, Dobzhansky and
his associates and students followed in detail the physical
and chromosomal changes over generations, trying to work
out how forces of selection and of drift bring on changes.
His work and that of those in his orbit (particularly the tax-
onomist Ernst Mayr, the paleontologist George Gaylord
Simpson, and the botanist G. Ledyard Stebbins) did much

to establish Darwinian selection as a major force in nature,
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Ficure INTRODUCTION.12. Herbert Spencer (1820-1903), Darwin’s
contemporary, was an ardent evolutionist. Wildly popular in his day, at his
death his reputation sank like a stone. Nevertheless, his fingerprints are all
over twentieth-century evolutionary thinking. From David Duncan, Herbert
Spencer (London: Williams and Norgate, 1911)

although there was often a non-Darwinian flavor to the work,
especially when their thinking was influenced by (what mod-
ern scholars are now seeing as the) deep roots that Wright’s
thinking had in Herbert Spencer as much as Charles Darwin
(Fig. Introduction.12).

Socially, what was crucially important was the way in
which Dobzhansky and his fellows worked hard to bring evo-
lutionary studies into the universities, making them part of the
biological curriculum. Dobzhansky went to Columbia, Mayr
left the American Museum of Natural History for Harvard
and a year or two later Simpson followed, Stebbins went
west and worked at the University of California at Berkeley
and then at the new campus at Davis. An evolution society
was founded; funds were sought and found to start a journal
(Evolution), one dedicated to the kinds of causal studies now
being effected; grants were awarded (thanks, especially after
the Second World War, to the great rise in available federal
money through the National Science Foundation); and in
Dobzhansky’s laboratory especially there was a flow of new
graduate students and post-docs. Above all, there was a con-
scious awareness that evolutionary studies had had low-grade
status as a science, and a major factor was the way in which
it had acted as a vehicle for nonscientific cultural hopes and
aspirations, especially about social progress (being reflected
in claims about biological progress). All of these new profes-
sional evolutionists were deeply committed to both biological
and social progress. All knew that such professions in their
science would be fatal to their professionalizing ends. So
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thoughts of progress were suppressed and kept out of the uni-
versity science, reserved for the popular books that poured
forth from their pens - as such popular books about evolution
continue to pour forth today.

Something very much parallel happened in England also
(Essay 35, “Ecological Genetics”). The key figure there was
E. B. Ford, universally known as “Henry.” He allied himself
with Fisher in much the way that Dobzhansky allied him-
self with Wright, and one immediate consequence was that
non-Darwinian notions like genetic drift got short shrift.
Working in the British tradition of Bates and Wallace, Ford
and his students, including Philip Sheppard, Arthur Cain,
and Bernard Kettlewell, did highly influential studies of
fast-breeding organisms showing the workings of natural
selection in bringing on subtle adaptations. Sheppard and
Cain did seminal studies of shell color and banding of snails,
showing how the colors and patterns adjust according to the
backgrounds - hedges, ditches, forests, and the like — and
Kettlewell continued the studies of industrial melanism that
had so excited nineteenth-century lepidopterists. No less
adept than Dobzhansky at finding funds, Ford convinced
one of Britain’s largest private research foundations - the
Nuffield Foundation, started by England’s counterpart to the
real Henry Ford of Detroit - that insects are great models for
humans. For instance, the studies of his group could tell much
about the spread and retentions of various genes, information
that could be very important when studying genetic factors
in humankind. Also, as was the case with the Dobzhansky
group, it 1s interesting that as biology felt the huge effects of
the molecular revolution - epitomized by the discovery in 1953
of the structure of the DNA molecule - it filtered almost seam-
lessly into evolutionary studies. Fears that molecular studies
might replace whole-organism studies entirely were soon fol-
lowed by the realization that molecular biology could be a
very powerful tool for throwing light on hitherto-intractable
evolutionary problems.

Let us return to France for a sense of how these ideas
started to spread out to other countries. We should not expect
to find much action until around 1930 or later, and we do not
(Essay 36, “Darwin and Darwinism in France after 1900”).
For instance, although to a person the paleontologists were
evolutionists, that was about as far as they would go, being
even reluctant to speculate on phylogenies. Given the harsh
criticism that greeted Teilhard de Chardin’s attempts to rec-
oncile science and religion (in his Phenomenon of Man, pub-
lished posthumously in 1955), it is worth noting explicitly that,
judged as a paleontologist, Teilhard’s brilliant reconstructions
stood out as significant exceptions. Where real change did
come - as in America and certainly influenced by America -
was with respect to population studies of the actions and
effects of selection and of how these play out for overall evolu-
tionary changes. As soon as the theoreticians had done their
work, eager young French researchers (significantly, with
good mathematical strengths) were picking up the ideas and
putting them to the test. Indeed, one of the most important
experimental innovations - population cages — came from that

country. And before long, important work was being done
on key issues such as the ways in which selection pressures
can vary. It cannot be said that the ideas of neo-Darwinism
were universally and immediately welcomed in France -
Lamarckism had great staying power — but a beachhead was
established, pointing to the universal acceptance of today.

Finally, as part of the story of the making of modern evo-
lutionary biology, botany must again get full mention (Essay
37: “Botany and the Evolutionary Synthesis, 1920-1950”).
The importance of getting the right subject to study can never
be overestimated. As intimated, the little fruit fly Drosophila
showed itselfa perfect organism for genetic studies - it breeds
easily and quickly, requires minimal maintenance, has no odd
sexual system, has giant chromosomes that are easy to study,
and can be found readily in the wild in accessible places.
Mendel got the right plant (the pea) when he sought the
principles of heredity - even to the point of having different
features of study controlled from different chromosomes, so
that there were no immediate complicating factors. The early
geneticists of the twentieth century were not so lucky in their
choice of the evening primrose, because it proved to have
a very complex system that led, among other things, to the
belief that changes are large and sudden - saltationism. But by
the 1920s, things had righted themselves and then for the next
thirty years botanists - notably the Carnegie group at Stanford
and others at Berkeley - did path-breaking studies to work out
principles of speciation and the like. Animal studies tend per-
haps to be more glamorous. But from Darwin on, the plants
have provided more than their share of information about the
evolutionary process. That Stebbins was a key figure in the
making of the evolutionary synthesis was no anomaly.

Somewhat artificially, let us position ourselves now in
1959. It is the 150th anniversary of the birth of Darwin and the
100th anniversary of the publication of the Origin. Evolution,
as an area of science, is still somewhat tentative in respects
and threatened from without by various forces, not the least
being the way that molecular studies (for all that they were
on the verge of being seized upon as tools by evolutionists)
were exploding in size and threatening to take all students
and grants of the life sciences. But notwithstanding the wor-
ries and Insecurities, we have now a functioning, professional
science. What then were evolutionists able to do in the half
century following? Staying now with the science, it is to this
question that we turn next, starting with the problem of the
origin of life (Essay 38, “ The Emergence of Life on Earth and
the Darwinian Revolution™).

In a way, this problem reminds one of the problem faced
by Sherlock Holmes in the story about Silver Blaze, the miss-
ing racehorse. Asked if there was anything to which he wanted
to draw attention, Holmes replied that he was puzzled by the
dog that barked in the night. But the dog did not bark in
the night, came the reply. Exactly! It should have done, and
because it didn’t Holmes inferred (correctly) that it was an
inside job. The same is true of the Origin of Species and the
origin-of-life question. What does Darwin have to say on the
topic? Nothing! And now the question is why, because the
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omission had to be deliberate. Before Darwin, people like
Lamarck and Chambers assumed automatically that one must
discuss life’s origins, and the same was true of people like
Haeckel after. Darwin realized fully that talking about origins,
especially at a time when (over in France) Pasteur was show-
ing that much thinking on the topic was simply wrong, would
only lead to trouble. So he spoke simply of life “having been
originally breathed into a few forms or into one” and left it at
that. Basically, although he had some private thoughts, it was
not really his problem, and he pushed it to one side. But of
course it could not be sidelined indefinitely, and the past cen-
tury saw much interesting and fruitful, if far from definitive,
work on the problem. The coming of the molecular age obvi-
ously transformed things, and today there are many exciting
areas of inquiry. Is this Darwinian science? Well, in one sense,
perhaps not. In another sense, obviously at some point the
evolutionist has to face the topic, and moreover it is clear that
even at the earliest molecular stages, when one would hardly
want to speak of things as “living,” something very much like
natural selection is going to be active and important.

The traditional philosophical view of scientific theories
sees everything happily integrated into one massive system,
generally thought to be an axiom system with high-powered
principles or laws at the top, and then everything seen to be
deductively connected on the way down to lower-level empir-
ical claims. This view of theories is not entirely wrong - it is
almost certainly the one held by Darwin himself - but most
today realize that actual science tends to be far messier, with
small areas of theory or modeling connected loosely together
with others, sharing some ideas and theory but not necessar-
ily entirely consistently throughout. As it has grown, covering
as 1t does so many areas, this lack of systematic purpose has
often plagued evolutionary studies (Essay 39, “The Evolution
of the Testing of Evolution™). It does not mean that all is lost,
for in various areas there 1s much serious and important work.
For instance, the number of studies demonstrating the action
of selection in experiment and in the wild, building on the
work of the mid-twentieth century, has grown exponentially.
But it is clear that researchers are not always as meticulous
as they might be in distinguishing their aims. Is the claim, for
instance, that everything is adaptive, or only in part? These
are points particularly to be kept in mind as we move now
through work being done today across the spectrum of topics
falling within the Darwinian consilience.

Mimicry and camouflage were important for Darwin stud-
ies back in the years immediately following the Origin. They
continue to be so today (Essay 40, “Mimicry and Camouflage:
Part Two”). What is fascinating about this area is how often
researchers are working not just in the Darwinian mode but
actually with hypotheses that Darwin himself formulated. A
good example is the question of sexual dimorphism, where
female butterflies mimic other species, whereas the males do
not. Darwin suggested that natural selection is the factor in
making the female mimics but that sexual selection is the fac-
tor making for males to stay with the original species colors
and patterns. Recent studies have confirmed the truth of his

hypothesis, underlining not just the importance of adaptation
as a central biological concept but also that selection does so
often work on and for the individual and not the group. Sauce
for the goose is not always sauce for the gander. Notice how-
ever that, in the tradition of the very best science, solving one
problem is not the end of the story. There are always new prob-
lems to be solved. Molecular techniques for instance show that
complex adaptations are created again and again rather than
simply inherited, and now the race is to find the reason why.
Critics of evolutionary biology, especially those with religious
axes to grind, often point with glee to the unsolved problems
of the science. They quite miss the point - something stressed
strongly by Kuhn’s philosophy of science - that good science
throws up new problems constantly. It is always forward mov-
ing rather than resting on its laurels.

Darwin always had a somewhat ambiguous attitude
toward the actual history of life. It was he after all who estab-
lished beyond doubt that there is a history of life, one pro-
duced by evolution. And if you look at some of his writings,
there are heavy hints about what he thinks the course of life
truly was. The barnacle work is a case in point. In the Descent,
he opted explicitly for an African ancestry for humankind.
But although he gave a stylized-tree picture - his only dia-
gram - in the Origin, he was not much into providing actual
histories or phylogenies (see Plate IX). This is perhaps what
one might have expected because, ultimately, a great deal of
phylogeny tracing is not very Darwinian, if one means doing
something using natural selection. Indeed, with reason,
natural selection is often thought something of a handicap
because it covers up true relationships with superficial adap-
tations. One must dig beneath, to find homologies, to trace
paths. Within bounds, this is much the same today, although
the methods of inquiry have become far more sophisticated
and reliable, especially in this molecular age (Essay 41: “The
Tree of Life”). Moreover, thanks to such new devices such as
the “molecular clock” - based on the rate at which mutations
occur and change accumulates — we can put some absolute
dates on events, hitherto unknown. But is it simply a matter of
things meshing, with non-Darwinian work fitting nicely with
Darwinian selection studies? One fascinating new finding is
about how, thanks to viruses, genes can be passed between
very different branches of the tree of life. Does “lateral gene
transfer” show that Darwin was wrong? Two comments
are in order. First, although it may be a major factor with
simple-celled organisms (prokaryotes), it is unlikely to be so
great a factor with complex-celled organisms (eukaryotes).
Second, even if it did mess up the tree of life significantly, it
is not obvious that the importance of Darwinian factors are
downgraded. The adaptive values of lateral transfer are not
obvious, so no one is saying that natural selection suddenly
becomes unimportant.

The study of the evolution of instinct and social behavior,
brought together under the name “sociobiology,” has been
one of the most fertile and controversial areas of evolution-
ary biology in the past fifty years (Essay 42, “Sociobiology”).
After years of ignoring issues to do with the level of selection,
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finally in the 1960s biologists started to face the question
squarely and (in major reaction to work by the English-born
Vero Wynne-Edwards) a thoroughly neo-Darwinian individ-
ualist stance was taken. Huge amounts of very profitable work
have been done right through the animal kingdom, from the
social insects to the primates. New ideas such as “kin selec-
tion” (where genes are passed on by proxy, as it were, through
close relatives) and “local mate competition” (where sex ratios
are skewed because of the waste when siblings compete for
the same reproductive opportunities) have been devised and
used highly effectively in order to understand the workings of
organisms in groups. However, there has always been a minor-
ity that has group-selection yearnings, and recently their
ranks have been joined by the man who wrote the bible of the
whole movement, Edward O. Wilson, author of Sociobiology:
The New Synthesis. He argues now that a more integrated,
“holistic” approach must be taken to animal behavior. Perhaps
significantly, Wilson stands in direct intellectual line to an ear-
lier, Harvard ant specialist, William Morton Wheeler - who
was in turn much influenced by Herbert Spencer, especially
by analogies that the earlier evolutionist drew between the
individual and the group. It could be that we are hearing ech-
oes of divisions between evolutionary visions that go back to
the middle years of the nineteenth century.

Paleontology also has been vibrant in the past fifty years
(Essay 43, “Evolutionary Paleontology”). What is fascinat-
ing is the gap between the professional and the public. Most
people, if asked why evolution is true, would say “because of
the fossils” (the same reply that would be given by those asked
to defend their view that evolution is not true). Yet Darwin
expended much effort in the Origin to saying why the fossil
record does not deny his evolutionary thinking and for years
afterward paleontologists either ignored the whole question
of evolution or went off in search of non-Darwinian mecha-
nisms. The action was within the reduction-happy sciences
like genetics, and paleontology was mainly a source of nice
fossils for the museums. G. G. Simpson, Dobzhansky’s asso-
ciate, started to change all of that, and since then - particularly
with the rise of “paleobiology” - much effort has been made
to give paleontology full status within the evolutionary family.
Some, if not much of the work, both theoretical and empirical,
would bring delight to Darwin. One of the biggest problems
he faced in the Origin was the total absence of pre-Cambrian
fossils, leading to the invention of remarkable ad hoc hypothe-
ses to explain away this worrying phenomenon. Now we have
a remarkably detailed record back to the earliest forms of life
nearly four billion years ago. More than this, we have lots of
very sophisticated adaptationist studies. A classic analysis is
of the plates on the backs of the dinosaur stegosaurus, show-
ing how they were almost certainly used for heat regulation.

However, sometimes the thinking of paleontologists is
at best neutrally Darwinian, and sometimes verges on the
unfriendly. The well-known theory of “punctuated equilib-
rium” of Niles Eldredge and Stephen Jay Gould, suggesting
that the course of evolution is not smooth but goes in fits
and starts, went through various incarnations, but in Gould’s

hands was not particularly selection friendly. The very name
of the theory had echoes of a theory, “dynamic equilibrium,”
from another tradition. In a like vein, John J. Sepkoski Jr. (stu-
dent of both Gould and Wilson) did sterling work in mapping
the major events in life’s history, producing neo-Spencerian
pictures of the repeated upward spurts of complexity, fol-
lowed by subsequent balance. It was work that could be
given Darwinian underpinnings, but not work starting with
Darwinism.

One encounters some of the same sorts of issues when one
turns from time to space, from paleontology to biogeography
(Essay 44, “Darwin and Geography”). One thing that cannot
be overemphasized is justhow important the experience of new
lands and new flora and fauna were to Darwin. It is hotly con-
tested as to how far one should think of Darwin as being influ-
enced by the romantic movement, but it cannot be denied that
his early writings, when he writes of his experiences of nature
in its many varieties around the world, show a rapture worthy
of Goethe or (closer to home) Wordsworth. Expectedly how-
ever, we find that, although this enthusiasm for nature and its
variety around our globe found its way firmly into the Origin,
those who followed in his footsteps as often as not reflected
their national trends rather than anything strictly Darwinian.
This was notably so when it came to human themes. And as
always, the specter of Herbert Spencer loomed in the back-
ground. This was especially true in America in the twentieth
century as biologists moved to more ecological studies trying
to map the differences in organisms in different climates and
lands. Mention must also be made of the great effects on bio-
geographical studies brought by the geological theory of plate
tectonics. Many of Darwin’s own anomalies - for instance,
the similarities between plants in the Southern Hemisphere
on lands often separated by vast expanses of ocean - are now
seen as the direct result of the slow but steady movement of
continents around our planet.

The Galapagos Archipelago has always had a special place
in the hearts of Darwinian evolutionists, for it was from his
visit and his later reflections that Darwin’s move to evolution
really started to gather steam (Fig. Introduction.13). There has
been some controversy about the exact organisms that really
excited and prompted Darwin, but it was not long before the
drab little finches of the island started to play a significant role
in Darwin’s thinking, and these tiny birds continue in that role
down to this day (Essay 45, “Darwin and the Finches”). In
many respects, the story of the finches is the story of Darwinian
evolutionary theory in miniature. Darwin was excited about
the finches. Those who came after him thought them interest-
ing and perhaps significant, but in no wise did people want
to use them as evidence for natural selection. This continued
true even after the population geneticists had brought selection
back into style. It was thought that the non-Darwinian genetic
drift was the real cause of change. Then the tide changed, and
increasingly the finches were seen as paradigmatic end results
of a struggle for existence resulting in many different adapta-
tions, for living in the face of both the environment and com-
peting finch forms. Today, thanks particularly to the stunning,
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Ficure INTRODUCTION.13. The voyage of the Beagle (1831-36). Note the visit to the Galapagos Archipelago in 1835.
From C. Darwin, Journal of Researches (London: John Murray, 1845)

long-term studies of the husband and wife team of Peter and
Rosemary Grant, the finches are at the top of the list of well-
defined selection studies. The results, moreover, are of the best
kind of science. They show that Darwin was right in his basic
theory but that there is far more to the story than he did or
could have dreamed of - about speciation, about adaptation,
and (very excitingly) about rates of evolution. Darwin was, for
example, completely wrong about the inevitable slow working
of natural selection. One likes to think that no one would be
more excited than he about this discovery.

Embryology has always had an intricate but some-
what uneasy relationship with Darwinian thinking (Essay
46, “Developmental Evolution”). For Darwin himself in the
Origin, the discussion of embryology was a triumph of selec-
tionist thinking, of which he was very proud. But although
embryology continued for the rest of the nineteenth and into
the twentieth century as one of the most important areas of
the life sciences, one that was completely bound up with evo-
lutionary thinking, it tended not to be very Darwinian. It was
rather used to work out relationships between organisms, in
which work (as noted above) adaptations were generally a nui-
sance taken (with reason) to conceal true homologies, and of
course — thanks to the biogenetic law - it was much involved
in the tracing of phylogenies, something else that paid scant
attention to natural selection. It was perhaps understandable
that, when Darwinian selection and Mendelian genetics were
synthesized, there was something of a tendency to regard
organisms as black boxes with genes making the input and
fully grown organisms emerging and not much interest in what
happened in between. Things have changed dramatically in
the past three or four decades, thanks particularly to the com-
ing of the molecules, and the tracing of development from an
evolutionary perspective (evo-devo, so called) is a big busi-
ness. And some of the findings have been truly astonishing.
For instance, we now know that there are significant molec-
ular homologies between the genes controlling development
in fruit flies and in humans. It turns out that organisms are

built on the Lego principle, with the same building blocks put
together in different ways and ratios. Whether this is now all
that Darwinian is a different matter. No one denies selection
outright, but it must be allowed that sometimes the impres-
sion given is that development is where the real evolutionary
action occurs and then selection comes along to clean things
up, tweaking advances and removing failures. No doubt this is
a debate that will continue.

Ecology is the study of living organisms and their rela-
tionships to each other and to the environment. Although
the term was not invented until the decade after the Origin
(by Haeckel) and although the concept does not get the sepa-
rate treatment of, say, paleontology, it is obviously something
that is threaded right through Darwin’s great work (Essay 47,
“Darwin’s Evolutionary Ecology”). That Darwin did have
very important insights no one would ever deny. He showed
in great detail how the welfare of any group of organisms is
intricately bound up with the welfares of others, and he made
significant contributions to our understanding of key ecologi-
cal notions like niches. However, care must be taken not to
confuse surface similarities with deep differences (Essay 48,
“Darwin and the Environment”). The concept of a balance
of nature 1s one deeply embedded in first Greek and then
Christian thought. In a way, it almost follows from the bibli-
cal story for one would expect God to have ordered things
so that the world would continue in happy equilibrium for
the benefit of all, especially humans. Darwin certainly made
some efforts to capture the notion, arguing that selection
would often act to balance things out. But truly the balance
does not fit tremendously comfortably with evolution through
natural selection. On the one hand, one is always expecting
some change, at some point or another. On the other hand,
Darwinian selection is (in the opinion of most) never working
directly for the good of the whole but for the individual. This
means that the balance is never an end in itself, but always a
consequence. Once again one must recognize that there were
other sources for the enthusiasm about equilibrium positions,
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and once again the influence of Spencer cannot be ignored.
Today, with the threats of global warming and the like, it is
realized how selection can work for the short-term gain rather
than the long-term harmony. A point to be noted is how often
in discussions about these topics one gets an uneasy mix of
the professional and the more popular. The professional evo-
lutionary ecologist is trying to understand the workings of
nature, whereas the ecologist in the popular realm invariably
has moral or social issues foremost. Referring to Darwin is
rarely neutral at these times, as he is alternatively praised as
the first person to understand properly the issues at stake or
he i1s condemned as the progenitor of ultimate selfishness in
the face of upcoming environmental catastrophe.

Is molecular biology truly no more than a handmaiden to
the evolutionary biologist, or does it carry within it deeper
threats (Essay 49: “Molecular Biology: Darwin’s Precious
Gift”)? One of the most exciting ideas to emerge from the
new approach was that of the neutral theory of evolution.
Could it be that down at the molecular level a great deal goes
on beneath the reach of selection? Could it therefore be that,
at this level, random forces — drift — were the chief causes of
change? This idea was seized on with enthusiasm, for at once
it seemed that one had a very accurate way of determining
relationships between different organisms, perhaps with some
real time estimates. One simply works out the rate at which
change is occurring, steady change that is occurring, and then
one can generate real and accurate phylogenies. As it happens,
it now seems that the initial enthusiasm was a little too high;
although no one doubts that there is some real truth and value
to the idea. This is often spoken of as “non-Darwinian” evolu-
tion - the “neutral theory of evolution” - and in a way of course
it is. But note that it is not really “anti-Darwinian” evolution.
No one is saying that the hand and the eye were produced by
drift. Rather that there are dimensions of the biological world
where selection does not reach, or (probably) does not reach
as readily as it does others.

What is certainly the case is that the molecular revolution
is not going to vanish and that the face of evolutionary studies
is changed forever. The Human Genome Project is still only
on the verge of being fully exploited, as biologists study the
vast amount of information that has been revealed about our
genetic makeup — and the makeup of many other organisms,
also. Obviously many surprises lie ahead. Whether these will
finally convince people that Darwinism is now outmoded, on
a par with Newtonian theory or (worse) phlogiston theory, is
something the future will tell. Most Darwinians today would
argue not. But there are, as there always have been, those who
beg to differ (Essay 50, “Challenging Darwinism: Expanding,
Extending, Replacing”). Part of the time - too much of the
time — the differences are more linguistic than substantive. Is
individual selection now on its way out? So much depends
on how you define your terms. If individual selection can
encompass the family, then not obviously; if it cannot, then
probably. But there are genuine differences, and one suspects
that these are as much philosophical as scientific. From the
Naturphilosophen on, there have always been those who find

Ficure INTRODUCTION.14. The Scottish morphologist D’Arcy Went-
worth Thompson (1860-1948) believed that much organic form is simply a
function of the laws of physics. Here he is trying to show that the shape of the
jellyfish is the result of the same laws of physics that determine the descent of
more-dense liquids through less-dense ones. From Thompson, Growth and

Form (Cambridge: Cambridge University Press, 1917)

offensive the kind of blind, reductionistic approach epito-
mized by Darwinian selection. Today’s representatives have
seized on the notion (found in Schelling) of “self organiza-
tion” — there is something inherent in matter itself that makes
for organic form no need for selection. We get “order for free.”
Perhaps its plausibility is best left as an exercise for the reader
(Fig. Introduction.14).

If humans were not part of the story, would anyone care
very much about evolution? Well, there are people who care
about organic chemistry, so probably some, but one much
doubts that there would be the intense interest that there has
been from the eighteenth century down to the present. It is
we who make the subject so fascinating and so fraught with
tension for so many. One suspects that even (perhaps espe-
cially) the just-mentioned critics of Darwinism have humans
somewhere in their minds. Could we just be the product of
blind, random force? What is true is that the 150 years since
the Origin have seen huge effort put into discovering our evo-
lutionary past and, despite setbacks and prejudices and out-
right fraud, the effort has paid immense dividends (Essay 51,
“Human Evolution after Darwin”). There is much fossil evi-
dence, and it 1s backed by findings from other areas, notably
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in recent years from molecular biology. Many hitherto unan-
swered questions are now settled. Humans came from Africa,
not Asia. Humans split from the apes around five or six mil-
lion years ago, not earlier. Humans got up on their hind legs,
and then their brains exploded up in size, rather than con-
versely. There are still mysteries, including the crucial one
about precisely why we came down from the trees in the jun-
gle and walked out over the plains. And always puzzling new
finds emerge, most recently the little being (the “hobbit”) in
Indonesia. Is the work in this area recognizably Darwinian?
Obviously, in an overall sense it is, for selection is thought
to have played (and still plays) a vital role in human change,
although, just as obviously, the science has moved on dra-
matically from the speculations in the Descent of Man. And
everyone today is keenly aware of the fallacy that plagued the
field long after Darwin, namely the assumption that the closer
something is to being European, the more it is favored by
natural selection.

In his Meditations, published around 1637, the great
French philosopher René Descartes held forth on the signifi-
cance of language: “It is a very remarkable thing that there are
no men, not even the insane, so dull and stupid that they can-
not put words together in a manner to convey their thoughts.
On the contrary, there is no other animal however perfect
and fortunately situated it may be, that can do the same.” He
pointed out that this does not seem to be necessarily an ana-
tomical matter. Magpies can say words as well as we. And deaf
and dumb humans find other physical ways to communicate.
He concluded that this all “proves not merely animals have
less reason than men but that they have none at all, for we
see that very little is needed to talk.” Like many generations of
English dog lovers, Darwin thought this absurd, and he had
the theory to back up his beliefs. Language was fascinating to
Darwin, and, for evolutionists it has continued to be down to
the present (Essay 52, “Language Evolution since Darwin”).
It poses major challenges, obviously, because words do not
fossilize, but as with other elusive features, ways are devised
to overcome this issue. One is comparative studies with other
animals, particularly primates, and even more particularly the
great apes. Another is by looking for related fossil evidence —
for instance, the parts of the brain and of the vocal organs.
For a while a (now-refuted) hypothesis was floated that the
Neanderthals could not talk properly because they lacked the
necessary anatomy. Artifacts are also suggestive. Sophisticated
technology implies the ability to communicate efficiently.
Famously, one of the most important moves to filling out the
story came from the American linguist Noam Chomsky, who
argued that all languages share the same innate deep struc-
ture. Famously, Chomsky himself denied that this was an
evolutionary hypothesis — he was almost with Descartes on
the separation of human and beast - although he has now
recanted, and his students and collaborators have done major
work in showing how the innate structure relates to biology.
New hypotheses are still being produced about the nature
and origin of language, and today it is one of the most exciting
areas of evolutionary study.

The evolution of language slides easily into the more com-
prehensive topic of the evolution of culture generally. It is an
underexaggeration to say that it has been a happy home of
many and varied hypotheses (Essay 53, “Cultural Evolution”).
Roughly, these can be divided into two camps. First, there are
those who argue that culture can be divided into units and
that these units function like genes or organisms, struggling
for survival and reproduction - that is, being passed on to
other thinkers - and knowledge and culture is an outcome
of this selective process. Richard Dawkins’s (1976) theory
of memes is a prime example. Note how readily these views
soak up wishes and prejudices - for instance, that memes are
parasitic and hence prone to produce (supposed) corruptions
of human well-being like religion. Second, there are those
who argue that culture is in some sense informed by innate,
selection-produced beliefs or traits. Darwin subscribed to
something along these lines, writing in his early notebooks:
“Plato says in Phaedo that our ‘necessary ideas’ arise from the
preexistence of the soul, are not derivable from experience. -
read monkeys for preexistence - ” (Barrett et al. 1987, 551, M,
128, 4 September 1838). Those of our would-be ancestors
who took logical and mathematical reasoning seriously sur-
vived and reproduced, and those who did not did not. The
devil of course is in the details, and much effort today is being
put into finding how learning and like abilities are involved in
the overall picture.

Creative artists are an important part of culture, and par-
ticularly in literature evolution generally and Darwinian ideas
more specifically have been picked up and used and trans-
formed and presented favorably or unfavorably as the writer
or the times declared (Essay 54, “Literature”). Before the
Origin, poets and novelists were using evolutionary themes -
Tennyson in In Memoriam using Robert Chambers’s pro-
gressivist vision of life’s history to suggest that his dead friend
Arthur Hallam was a superior specimen who had come too
early, Dickens in Bleak House using dinosaur examples to sug-
gest that industrial London was the kind of primitive world
that would contain such brutes (see Plate X) - and after the
Origin they continued with such themes, sometimes directly
Darwinian and sometimes less so and more Spencerian and
indebted to other evolutionists - Samuel Butler, for instance,
using recapitulatory ideas in his late novel The Way of All
Flesh. The worries and hopes of society can be depicted viv-
idly through fiction. H. G. Wells shared the fears of his coun-
trymen at the end of the nineteenth century that progress was
over and only decline lay in the future. These worries come
starkly in his novel The Time Machine, where in the future our
race has divided into two, equally unsatisfactory groups: the
Eloi above ground, beautiful but childlike; and the Morlocks
below ground, intelligent and hardworking, but vile and ugly.
In America then and later, we see the themes of struggle and
competition being worked out in fiction, by Jack London and
others. And this continues to the present, for instance in the
work of the English novelist Ian McEwen, who tries to use
Darwinian psychology to show the motivations of his charac-
ters. No doubt as we extend our understanding of evolution
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in different cultures, we shall see more and more evidence of
how creative thinkers have used evolutionary ideas to the par-
ticular ends and causes that drive them in their writings.

Increasingly, we have become aware of the extent to
which gender issues permeate culture, and the contribution
of Darwin - both as part of culture and as an aid to explaining
culture - has been a topic of much debate (Essay 55, “Darwin
and Gender”). The obvious analysis is that Darwin was a
Victorian sexist, especially in his discussions in the Descent
of Man, and that his thinking has been used to legitimate
such sexism, from then until the present, as is shown by dis-
cussions to be found in such works as Edward O. Wilson’s
Sociobiology: The New Synthesis. That there is truth in this can
hardly be denied. Women are simply portrayed as childlike,
obviously lower down the evolutionary scale of being. The
Darwin family life was much the same with all being focused
on the father and then the sons. Of course, things are never
that simple. In the family, it is pretty clear that Emma was in
charge, and Charles knew and approved. And the whole point
about both natural and sexual selection is that, unless in some
fundamental way the sexes are equal, things are out of balance.
Fisher was good on this. Ifit is better to be a boy, then parents
are going to have boys, and conversely. This is why it cannot
be permanent in those societies today (like India and China)
where boys are prized over girls and there is real sex selec-
tion. Before long girls are going to be such a rare commodity
that parents will strive to get them. Some Darwinian evolu-
tionists have made much of points like these, arguing that in
fact we see that evolution has compensated for the features
males have. These and like ideas are controversial, but right or
wrong, reactionary or visionary, Darwin’s thinking 1s still very
much part of the debate.

Fifty years ago, the suggestion that Darwinism might make
some contribution to philosophical understanding would have
been greeted somewhat like a bad smell at a vicarage tea party.
This was not always so. The American pragmatists were very
keen on Darwinian evolution, thinking it gave keen insights
into the nature of knowledge, its acquisition, and its status.
No doubt this enthusiasm was a factor in the decline of appre-
ciation of evolution for philosophy. The founders of analytic
philosophy like Bertrand Russell rather thought that pragma-
tism was not just wrong but positively immoral. But when you
think about it, this is surely a wrongheaded attitude. That we
are the product of a long, slow, natural, nondirected process of
change from probably inorganic material rather than the cher-
ished climax of a Good God’s week of creative activity has to
matter for both the theory of knowledge (epistemology) and
the theory of morality (ethics). And increasingly in the past
fifty years philosophers have started to agree.

In respects, especially in epistemology, many of the points
made about culture generally (especially about the different
possible approaches) apply directly (Essay 56, “Evolutionary
Epistemology”). One major question has been whether in
some sense a Darwinian account of knowledge implies that
one is getting ever closer to a true description of an objectively
existing world. One might think so. After all, if fire doesn’t

really burn, why should we think that it does? However, as
has been pointed out, ultimately selection does not really care
about truth or objectivity. Being successful in the struggle is
what really counts. If we are deceived part of the time or even
all of the time, so long as we reproduce, that is what matters.
Some critics, notably the well-known Calvinist philosopher
Alvin Plantinga, have seized upon this to argue against the
possibility of any kind of naturalistic approach - one that
depends on blind law - to the world and its understanding.
Others doubt one need go that far. From Kant on, it has been
appreciated that knowledge is never pure and simple - at the
least, we structure experience according to our psychology.
Perhaps Darwinism simply takes us further down this path,
and we must recognize that while we can certainly distinguish
good knowledge from bad - Darwin was right and Sedgwick
and Agassiz were wrong — there is necessarily an evolutionary
input to all understanding.

Evolutionary morality was very heavily criticized in the
years after the Descent (Essay 57: “Ethics after Darwin”). One
should recognize, however, that the main object of attack was
not Darwin, who was mainly concerned to show the origins
of morality rather than its justification. The focus of fire was
Spencer, who used his beliefin the nature of evolution to argue
that morally we should promote the evolutionary process
because that is the way in which value is kept and increased.
The philosophers, first Henry Sidgwick and then G. E.
Moore (who introduced his famous “naturalistic fallacy”),
argued that claims about matter of empirical fact could not
support moral claims. The scientists, notably Thomas Henry
Huxley, denied that things are all that progressive and pointed
out in any case doing the right thing often means going against
our animal nature. The past four decades however have seen
a great rise in interest in and enthusiasm for an evolutionary
approach to morality. Great credit goes to Edward O. Wilson,
who in his writings (especially his On Human Nature) has
argued that evolution is the key to moral understanding and
justification. The general public took up the cause with enthu-
slasm, arguing in a way that would have excited the Spencer
of metaphysical excess and appalled the Spencer of lifelong
bachelordom, who lived in a drab boardinghouse that he not
get too excited and distracted from his life mission, that now
we have justification for even our mortal sins. “Do men need
to cheat on their women?” asked the Playboy cover of August
1978. “A new science says yes,” it assured its readers. Most
of a philosophical vein, however, deny the neo-Spencerian
approach taken by Wilson and make other connections. Great
controversy has surrounded the claims of some thinkers that
a Darwinian approach points to some kind of moral nonreal-
ism, where morality is simply (to use a phrase) “an illusion put
in place by our genes to make us social.” In fairness, it should
be pointed out that the illusion is not morality itself - modern
Darwinians are not into unrestricted rape and pillage - but the
belief that morality has an objective foundation. The claim is
simply that morality has no base beyond human emotions.

We come to religion. It is appropriate to start with
Protestant Christianity, for it was within that version of faith
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Figure INTRODUCTION.15. In 1925 William Jennings Bryan, three times candidate for the presidency, led the prose-
cution of John Thomas Scopes for teaching evolution in the public schools of Tennessee. Here, Bryan — having offered
himselfas an expert witness on the Bible - is being examined by the leader of the defense, notorious freethinker Clarence
Darrow. Permission: Smithsonian Institution Archives

that Darwin worked and that so influenced the form of his
theory. The problem obviously when it comes to discussing
reactions to Darwin is that there is as much variation among
Protestants as there is variation among animals in the natural
world (Essay 58, “Darwin and Protestantism”). And, expect-
edly, this is reflected in the reactions to Darwin’s theorizing.
Some were very comfortable with his ideas, starting with the
Reverend Baden Powell (father of the scout master), who
endorsed Darwin in 1860 in his contribution to the notori-
ous Anglican, iconoclastic volume Essays and Reviews. Some
liked Darwin’s ideas but wanted to supplement them, as
did Asa Gray in America, seeking to give some kind of non-
natural direction to new variations. And some rejected the
whole message, as did the doyen of American Presbyterians,
Charles Hodge at Princeton Theological Seminary. What is
Darwinism? asked one of his books. “It is atheism” came
the stern reply. What does seem to be the case overall is that
simplistic pictures of science at warfare with religion are just
wrong, and even those most critical often find points where
agreement is possible. What also seems to be the case as we
come into the twentieth century is that Darwin did continue
to fascinate and disturb Protestant thinkers, and this continues
to this day. This is hardly surprising given the far-reaching,
Darwinian implications for such key Christian notions as mir-
acles and morality and original sin. In 2011 an eminent theolo-
gian at Calvin College, a leading American liberal arts college,

lost his job because he suggested that perhaps modern evolu-
tionary theory is incompatible with a literally existing Adam
and Eve. (It is!) (See Plate XI.)

In discussions about the religious implications of Darwin’s
ideas, much to the dismay of conventional Protestants, most
people have in mind the opposition by a large branch of the
American evangelical movement to any and all kinds of evolu-
tion (Essay 59, “Creationism™). It is important to note, there-
fore, that so-called creationists (using this in the modern sense
and not of the people whom Darwin was countering in the
Origin) acceptasomewhatidiosyncratic form of Protestantism
coming out of America in the middle of the nineteenth century.
What is surprising, and probably would be to most of today’s
creationists, is the historical significance of the Seventh-day
Adventist movement, with its emphasis on a literal six days
of creation, about six thousand years ago. As a widespread
phenomenon, this Young Earth Creationism (YEC) is fairly
new. Three-time presidential candidate William Jennings
Bryan, prosecuting attorney in the Scopes Monkey Trial of
1925, believed in an old earth, where the six days of creation
are to be interpreted as six long ages (Fig. Introduction.15).
YEC really caught fire only in the 1960s with the publication
of Genesis Flood by biblical scholar John C. Whitcomb and
hydraulic engineer Henry M. Morris. The fondest hope of
its advocates is that it be introduced into publicly supported
schools (in the United States) alongside teaching about
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evolutionary origins. Thus far, the First Amendment separa-
tion of church and state has been effective in denying fulfill-
ment of this hope, both for YEC and for its somewhat milder
successor “intelligent design theory.”” Whether this will con-
tinue to be the case remains to be seen, as also the extent to
which these various views will be able to establish themselves
beyond the American borders.

Having found themselves in hot water over the Galileo
affair, Catholics generally have been happy to sit back and let
Protestants fight the battle over Darwin (Essay 60, “Darwin
and Catholicism”). This is not to say that the ideas were
universally accepted, even though there were some early
Catholic converts to some kind of (generally guided) evolu-
tion. There was a condemnation of the materialism thought
inherent in all evolutionary theories, especially Darwin’s -
although in fairness, it should be noted that a lot of the early
opposition was primarily a function of general issues fac-
ing the church and was part of the general move to a much
more conservative position after the unification of Italy. The
twentieth century saw a slow but increasing acceptance of
evolutionary ideas. Almost paradoxically, the thinker who
did most in the twentieth century to bring evolutionary sci-
ence and Christian religion together fruitfully was the Jesuit
priest and paleontologist Pierre Teilhard de Chardin. He
was forbidden to publish (while he was alive) by his church,
and when his ideas did appear in print (around the time of
the hundredth anniversary of the Origin), he was scorned
by the scientific community. But in the years following, the
spiritif not always the details of his thinking has gained more
and more respect. Not that this means that, even now, the
church thinks all that creatively about evolution, looking for
ways in which the science might enrich the theology rather
than threaten it. However, the way is open for such thinking,
thanks especially to the fact that, almost at the end of the cen-
tury, Pope John Paul II gave a surprisingly strong endorse-
ment not only of evolution but also of Darwinian ideas. As
always, things were somewhat qualified, by insisting that the
creation of souls (as nonscientific notions) stands beyond
science. But the principle of creative interaction is acknowl-
edged and expected.

Christianity and Darwinism are like parent and child.
You think they are different, and then suddenly when least
expected, in the half light, you see a staggering similarity -
origins, trees, design, humans, and more. Focusing on that
relationship is not prejudice against other faiths but simple
recognition of history. But, of course, the story does not stand
still, it 1s not finished, and it certainly is not isolated. By the
middle of the nineteenth century, Jews in Western Europe par-
ticularly were integrating more and more into general society,
and this continued and intensified with the great migration
across the Atlantic (Essay 61, “Judaism, Jews, and Evolution”).
Naturally prizing education and learning, Jewish teachers and
intellectuals encountered and starting contributing to sci-
ence in major ways, and this has continued to the present - in
Israel too since the founding of that country. In some signifi-
cant respects, one sees a mirroring of the Christian response

to evolution. The more liberal parts of the group, particularly
the Reform branch of Judaism, accepted evolutionary ideas
reasonably readily. More conservative parts of the group,
particularly the conservative and Orthodox branches, had
more trouble, and especially in ultra-Orthodox branches the
opposition to evolution continues strongly to this day. But, as
with conservative Christians, it is dangerous to generalize too
facilely or readily, for there are Orthodox Jews who are very
comfortable with evolution, with Darwinism even. What is
still far from fully understood or researched are the implica-
tions of the differences between Judaism and Christianity. For
instance, given that the design argument has not played the
role for Judaism that it has for Christianity, does this mean that
selection has less hold on the Jewish evolutionist than it has
for the Christian (or Christian-cultured) evolutionist? The
late Stephen Jay Gould used to claim that, because he had no
Christian upbringing, he was no ultra-adaptationist; although
in his case perhaps an argument can be made for the secular,
very left-wing milieu of his childhood rather than anything
specifically Jewish.

The interaction of Darwin and Islam is a rather dif-
ferent story, for here we truly do have the meeting of alien
world pictures — a meeting that was bound to be slow at first,
because of the widespread illiteracy in Muslim countries and
the lack of interest in science generally (Essay 62, “Religion:
Islam”). The Origin was not translated into Arabic until
well into the twentieth century. As was the case of the spread
of evolutionary ideas in countries like China and those of
South America, often the interest in evolution was less in
its virtues as science and more for its supposed ideological
components, materialism and so forth. It is not surprising
that evolution was popular early in the past century among
the reforming “Young Turks” opposed to the status quo in
the Ottoman Empire. Moving down toward the present,
one finds that (as one might expect, given that Islam is so
widespread a religion over many lands and cultures) there
are all shades of acceptance of evolution, although (as is still
the case with many Christians) often even when positive it
is some kind of theistic evolution that is most favored. But,
again perhaps a function of ignorance and illiteracy, one finds
that most people in Muslim lands either reject evolution or
are indifferent to or ignorant of the whole idea. A form of
creationism, not entirely unlike its American counterpart, is
spreading (especially in places like Turkey). As always, one
suspects that underlying the motives are factors more from
the cultural and moral or social realm than from pure sci-
ence. Darwinism is caught up in more general debates about
Western culture and its worth.

And so finally we come to evolution and medicine
(Essay 63, “From Evolution and Medicine to Evolutionary
Medicine”). This has not been left to last by default. Anything
but! Rather, it is one of (if not the) newest branches of the
Darwinian family, really only just starting to develop and gain
ground. It seemed appropriate to end the volume on some-
thing that is so very definitely looking forward and not back -
if that is not too much of a paradox for a field that derives
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its very being from history. Actually, from Darwin on, there
was concern about human health and whether evolution can
throw light on its problems. Are we breeding the wrong kind
of people, the weak and the sick and the profligate? This
led to many years of theorizing and of proposing solutions
for its amelioration - so called eugenics. Primarily because
of the appalling events in Germany under the Third Reich,
outright calls for the biological alteration of humankind are
now less common, although vestiges of eugenics still persist
under such more friendly names as “genetic counseling.” But
now we have a rather different approach to human health, one
that plunges right into questions about sickness and disease
and tries to uncover pertinent evolutionary facts and implica-
tions. For instance, why do we have fevers and what should
we do about them? The usual advice is to take a painkiller
and reduce the temperature. But what if the high temperature
has some real biological value in fighting infection - a fever
is an adaptation? At a more complex level, how should we
understand serious problems like high blood pressure in
pregnancy? Could it be that it is a result of mother and fetus

fighting it out for supremacy, the mother having one set of bio-
logical interests and the infant having others?

No one would pretend that we have now a fully fledged
area of medical science, and expectedly often the ideas have to
fight to be taken seriously. Back in the years after the Origin,
Huxley was much involved in reforming medical education
and working to see that basic biology became part of the train-
ing. But although he made anatomy and physiology required
subjects for would-be doctors, he never thought to push evo-
lutionary studies as part of the curriculum. He (no big friend
of natural selection) could see no good reason for this in the
program. Such thinking continues to this day. But evolution-
ary medicine is growing and gathering more and more sup-
porters, significantly among younger researchers, and the
hope is that one day it too will take a full place at the table of
Darwinian evolutionary studies.

This is for the future. Now the time is to turn to the indi-
vidual essays of the Encyclopedia. Their broad range and their
exciting content speak without need of further proof of the
importance of Charles Darwin and his theory of evolution.
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Origins and the Greeks

Jeremy Kirby

HoMAS HENRY HUXLEY’S reaction to Darwin’s idea is understandable:

“How extremely stupid of me not to have thought of that!” Darwin’s argu-

ment is not arcane. Why did we have to wait so long for an idea as simple
and attractive as Darwin’s? An attempt to answer this question by means of a nar-
row set of influences is likely to produce an account that is, at best, impressionistic.
However, that teleology played a leading role is widely accepted, as Darwin himself
always recognized that the appearance of design is distinctive of the organic world,
having been raised on the teleological argument of Archdeacon William Paley. And
an important part of the conceptual network wherein Darwin found himself devel-
oped in antiquity. Classical thinkers erected much of the scaffolding with which evo-
lutionists have had to work, framing the debate over teleology in important ways.
Early cosmologists thought the idea of the world’s coming to be from nothing as
unintelligible. Early teleologists thought getting order out of chaos, equally unset-
tling, akin to getting something from nothing,.

THE EARLY COSMOLOGISTS

Natural philosophy before Socrates can be said to concern the origin of the cosmos.
The problem of origin, as one might call it, can be characterized in terms of the fol-
lowing three claims:

(1) Coming to exist involves a transition from nonbeing to being.
(2) Things come to exist.
(3) Only that which has being can undergo a transition of any kind.

Suppose, in accordance with (2), that the cosmos comes to be. By (1), the cosmos
underwent a transition from nonbeing to being. According to (3), however, this means
that the cosmos existed prior to itself in order to undergo the transition in question.
One might, of course, attempt to avoid this unwelcome conclusion by maintaining
that the transition in question involves the alteration of a substance that is at one time
not the cosmos and at another time is. To what substrate might one appeal?

One might, instead, give up on the very idea of providing an origin. And this is
precisely what a number of philosophers from Elea (ca. 490 8.C.E.) recommended.
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Parmenides and his student Zeno went so far as to reject the
second proposition. If the cosmos came to exist, they argued,
it did so from either what is or what is not. If the former, then
it already is, and something cannot come to exist when it
already exists. If the latter, then something will come to exist
out of nothing. As the saying was later popularized, however,
ex nihilo nihal fit. Thus, the cosmos did not come to exist -
nor did anything else for that matter.

On the other end of the spectrum, a few philosophers,
followers of Heraclitus (fl. 500 B.c.E.), sought to disarm the
problem of origin by maintaining that it is the very use of the
term “being” which has issued in the difficulty. Likening all
things to a river, these philosophers maintained that all is in
flux, and that whatever is in flux is not in a state of being. It
is, rather, in a state of becoming. The first and third claims
of our problem of cosmogony, on this view, are considered
unintelligible.

Under the entry cosmos, in a standard Greek lexicon, one
will find that the term expresses arrangement and order. One
might, therefore, take the project of origin to be that of explain-
ing how it 1s that a rather inchoate existence might evolve into
a cosmos with a level of organization deserving of the name.
Philosophers attempted to explain this origin by discussing
the ways and means whereby organization may be imposed
upon arather inchoate and insufficiently formed material sub-
strate. Rejecting the first proposition in the problem, these
natural philosophers maintained that coming to exist involves
a transition from not being such and such to being such and
such. The statue, for example, comes into being not ex nihilo
but from the clay upon which the artisan imposes the form.

Among this group of materialists were the monists, who
attempted to trace our origin to one substance. These natural
philosophers, perhaps more than any others, sought expla-
nation of the differentiated in the undifferentiated, taking
cosmogony to be a move from the homogeneous to the hetero-
geneous. Thales (ca. 600 B.C.E.), living as he did on the coast
of Asia Minor, thought that the substance out of which every-
thing was born was water. For this view he offered various rea-
sons (many of which one might consider empirical). He faced
the difficulty of explaining, ultimately, how everything could
come to be from water, when some elements, fire, for example,
seem to be eliminated by water. His successor, Anaximander
(ca. 610-546 B.C.E.), sought to circumnavigate this problem
by making the substrate apeiron, which is to say, indefinite.
Lacking any natural characteristic whatsoever, this substance
would not, as it were, be incompatible with any natural sub-
stance. Of course, any substance that lacks natural character-
1stics altogether seems itself unnatural. In this way, apeiron
seems a little like the playwright’s deus ex machina. Perhaps
with this in mind, Anaximenes (585-528 B.C.E.) maintained
that air 1s the better candidate. Air is something observable in
the form of breath and wind, or so it was thought, and com-
patible with both fire and water. Anaximenes seems to have
had the intuition of Galileo - that the qualitative should be
explained in terms of the quantitative - as he took fire to be
the result of a reduction in air density, whereas water and then

earth were the result of an increase in terms of the density of
air molecules.

The atomists, most notably Leucippus (fl. 440-435 B.C.E.)
and Democritus (fl. 435 B.C.E.) may have been the first of the
Presocratic philosophers to attempt to eliminate intelligent
design at the primary causal level. Rather than taking intelli-
gence as an irreducible feature of matter, early Greek atomism
countenanced atoms and void as the primary realities, giving
intelligence a status akin to the epiphenomenal:

Democritus sometimes does away with what appears to
the senses, and says that none of these appears according
to truth but only according to opinion: the truth in real
things is that there are atoms and void. “By convention
sweet,” he says, “by convention bitter, by convention hot,
by convention cold, by convention color: but in reality
atoms and void.” (Kirk, Raven, and Schofield 1983, 410)

In a way similar to that of the monists, these atomists rejected
the first of the propositions composing the problem of ori-
gin. Composite entities come into being as atoms configure
together and diminish as the atoms part ways. In contrast
to the monists, the fundamental realities, though they are
eternal and infinite in number, are not divine. This fairly
mundane status of the ultimate realities, however, issues in
the question of how the order or arrangement of the cosmos
would come about. The atomists answered this question by
maintaining, on the one hand, that inanimate particles may
self-organize, as the pebbles on a beach may be said to col-
lect in virtue of their size and shape in a certain order. On the
other hand, the atomists thought the supply of atoms infinite
(with infinite void), composing an infinite number of worlds
throughout the universe. The advocate of intelligent design,
for example, might consider the chances of our world com-
ing about through blind chance - with its structured ecol-
ogy - akin to the likelihood of Hamlet being produced by
the random striking of keys on a keyboard. On the atomist’s
strategy, however, the analogy is misguided. Were one to
countenance an infinite number of keyboards, as the atom-
ists recognized an infinite number of worlds, all being struck
randomly throughout the universe, for an infinite amount of
time, the suggestion that Hamlet could thus be produced is
less difficult to entertain.

While some philosophers sought to reduce the elements
to one substance and others to atoms, still others favored a
pluralistic approach, countenancing four basic nondiscrete
substances: air, water, earth, and fire. Empedocles (490-439
B.C.E.), for example, held this view (see Plate XII). He thought
that these four elements, which he called “roots,” are divine
and eternal and are organized by the divine struggle between
Love, which provides mixture, and Strife, which brings about
separation. When Strife has fully gained the upper hand, the
four elements are stratified with earth at the bottom, water
thereafter, air the penultimate, and fire (the lightest) at the
top. When Love gets her revenge, however, portions of the
elements are blended and living things occupy the world. As
Love’s strength begins to wane, and as separation results in
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the perishing of one generation of living things, another gen-
eration of living things is brought about by Strife.

A twofold tale I shall tell: at one time they [i.e., the roots]
grew to be one alone out of many, at another time they
grew apart to be many out of one. Double is the birth
of mortal things and double their failing; for the one is
brought to birth and destroyed by the coming together
of all things, the other is nurtured and flies apart as they
grow apart again. And these never cease their continual
interchange, now through Love all coming together into
one, now again each carried apart by the hatred of Strife.
(Kirk, Raven, and Schofield 1983, 287)

Empedocles’ double zoogony is interesting for a number of
reasons. Primary among these is that the second stage of the
zoogony 1s thought to contain an idea that bears some similar-
ity to the idea that survival goes to the fittest.

Empedocles says that...next came together those ox-
headed man-progeny, i.e., made of an ox and a human.
And all the parts that were fitted together in a manner
which enabled them to be preserved became animals and
remained because they fulfilled each other’s needs - the
teeth cutting and softening the food, the stomach digest-
ing it, the liver turning it into blood. And when the head
of a human came together with a human body, it caused
the whole to be preserved, but it does not fit together
with the body of an ox, and so it is destroyed. For what-
ever did not come together according to the appropriate
formula perished. (McKirahan 1994, 279)

The image suggested by this fragment of text is that of body
parts being randomly thrown together into various combina-
tions with the resultants being fit or otherwise for survival.
And Empedocles, it bears mentioning, takes present-day spe-
cies to be, in turn, the resultants of earlier generations:

Empedocles held that the first generations of animals
and plants were not complete but consisted of separate
limbs not joined together; the second, arising from the
joining of these limbs, were like creatures in dreams; the
third was the generation of whole natured forms; and
the fourth no longer from the homogeneous substances
such as the earth or water, but by intermingling...in
other cases because feminine beauty excited sexual urge.

(Kirk, Raven, and Schofield 1983, 303)

There are, to be sure, interesting similarities that one may
identify concerning Empedocles’ outlook and Darwin’s. At
the same time, it is equally clear that to say that Empedocles
anticipated Darwin’s theory is very wide of the mark. We can
discern key differences, for example, from the passages we
have here considered. Reproduction and death are part and
parcel of Darwin’s theory. For Empedocles, on what I take to
be the natural reading, reproduction does not seem to play a
significant role until the fourth generation. And by the time the
fourth generation has arrived, it would seem that the recombi-
nation of somatic parts is a fait accompli. With Empedocles,

we have modification, and we have descent, but it is not clear
that we have descent with modification. Furthermore, on
Empedocles’ view the cosmos is brought into existence by the
work of two deities, adversaries though they may be, Love and
Strife. Darwin, in stark contrast, sought to explain phenom-
ena without appeal to the supernatural (Ruse 2006, 13).

THE SOCRATIC PARADIGM

So radical is the break that Socrates makes with the early cosmol-
ogists that it is common for historians to arrange their accounts
in terms of before and after Socrates (Cornford 1932). Many of
the individuals we have discussed thus far sought to ground
explanation in the nature of the material. And, as we have seen,
on the program of the atomists, the mind - insofar as the mental
is epiphenomenal - is fairly inefficacious. There is little room
for design or intention on such a view as this. Socrates seems to
think that the accounts that attempt to reduce all to the physical
promise little in terms of explanatory return.

There is tragic irony in the fact that Socrates was sentenced
to death for impiety and atheism. In Plato’s Phaedo, as Socrates
awaits the effects of the hemlock, the reader is treated to argu-
ments supporting the claim that the soul is immortal. Toward
this end, Socrates maintains that a material description of the
events we care most about will, of necessity, be incomplete
(J- M. Cooper 1997, 98c2-99b2). In the course of the discus-
sion, it is suggested that Socrates can successfully escape from
prison — an alternative that he declines (see Plato’s Crito). With
this is mind, he argues in the following manner:

(1) If a materialist description is adequate, then a
description of the bones, blood, tendons, et cetera
will explain why Socrates is sitting in prison.

(2) But bones, blood, and tendons, are just as good for
escaping as sitting,.

(3) Sobones,blood, and tendons cannot be singled out
to explain why Socrates is sitting in prison.

(4) Ergo, the description of the materialist is
inadequate.

Socrates, of course, takes the psychological explanation to be
the important one, as it will concern the purposes and inten-
tions that underwrite his conviction that staying in prison is
the right course to take. To explain his intentions by appeal to
that which lacks intention is to get something from nothing,.
Indeed, Socrates does not restrict this kind of teleological
explanation to human action, as he is willing to extend design,
purpose, and intention to the craftsperson responsible for
living things in general.

In Xenophon’s Memorabilia, furthermore, Socrates is
said to have offered an argument to an individual - an argu-
ment akin to the teleological argument - with the aim of con-
vincing his interlocutor to have a proper appreciation for the
beneficial effects of providence:

Don’t you feel that there are other things too that look
like effects of providence? For example, because our
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eyes are delicate, they have been shuttered with eyelids
which open when we have occasion to use them, and
close in sleep; and to protect them from injury by the
wind, eyelashes have been made to grow as a screen; and
our foreheads have been fringed with eyebrows to pre-
vent damage even from the sweat of our head. Then our
hearing takes on all sounds, yet never gets blocked up by
them. And the front teeth of all animals are adapted for
cutting, whereas the molars are adapted for masticating
what 1s passed on to them. (Waterfield and Tredennick

1990, 90)

As David Sedley (2007, 82) has suggested, the “creative power
ofaccident,” as it was presented by the atomists, had emerged
as a mode of explanation aspiring to compete with intelligent
causation. We find in Xenophon’s Socrates an advocate for the
teleological argument, or something near enough. Socrates, it
bears mentioning, does not seem concerned with a return to
the status quo ante. For he seems to take materialists - those
who claim to locate intelligence within nature - to be paying
mere lip service to the role of intelligence:

I do not any longer persuade myself that I know why
...anything ... comes to be or exists by the old method
of investigation, but I have a confused method of my
own. One day I heard someone reading ... from a book
of Anaxagoras, and saying that it is Mind that directs
and is the cause of everything. I was delighted with this
cause and it seemed to me good, in a way, that Mind
should be the cause of all. I thought that if this were
so, the directing mind would direct everything and
arrange each thing in the way that was best. If then one
wished to know the cause of each thing, why it comes
to be or perishes or exists, one had to find what was the
best way for it to be.... On these premises it befitted a
man to investigate only ... what is best. As I reflected
on this subject I was glad to think that I had found in
Anaxagoras a teacher about the cause of things after my
own heart, and that he would tell me, first, whether the
earth was flat or round, and then explain why it is so of
necessity, saying which is better, and that it was better
to be so ... This wonderful hope was dashed as I went
on reading and saw that the man made no use of Mind,
nor gave it any responsibility for the management of
things, but mentioned as causes air, and ether, and
water, and many other strange things. (J. M. Cooper

1997, 97b4-98c¢)

Explanation is radically teleological for Socrates. He believes
it strange that one might appeal merely to material elements in
explaining natural phenomena, in the same way that it would
be strange to attempt to explain his staying in prison by refer-
ence to blood and sinews. That it is best, in a describable way,
that he remains in prison is the proper explanation for his thus
remaining. The description of why it 1s best for natural phe-
nomena to be as they are, in the same way, may not be omitted
from explanation.

THE BIOLOGY OF COSMOLOGY

Plato’s greatest influence was Socrates (Plate XIII). However,
Plato was also influenced by the followers of Heraclitus, who
thought that all that is perceptible is in flux. That which is
in continual flux, as the reasoning goes, is not, because of
its continual change, describable in terms of the universal.
Definition, a necessary condition for knowledge, is, how-
ever, of the universal. Knowledge, so he reasoned, is not of
the sensible world. Plato countenanced, therefore, a world
beyond the perceptual, which, as the Eleatics might favorably
consider, does not admit of change. Geometry was among the
most exciting sciences of the day. (Rumor has it that geometry
was a prerequisite in Plato’s Academy.) And, in this way, Plato
posited a world of realities akin to those of Euclid for the other
branches of inquiry, so that philosophers might press their
minds up and against such realities in their various modes of
research.

It has been argued that Plato’s influence and his counte-
nance of immutable forms, or eide, made it difficult for later
thinkers to take seriously the idea that one species might
evolve into another. A fixed number of forms for species can-
not, so it is argued, accommodate the unfixed number of spe-
cies recognized by the evolutionist:

Any ... commitment to an unchanging eidos precludes
belief in descent with modification. The concept of
evolution rejects the eidos, replacing it with the variable
population. Gradual evolution and natural selection ...
are inconceivable except through population thinking.
(Mayr 1964, XX)

Of course, a major part of the work accomplished by the
introduction of the forms involved explaining why it is
that the world appears to be organized. The namesake for
Plato’s Timaeus describes therein a Demiurge who - making
use of the forms - designs a living world with its own soul.
Intelligence is imposed upon the inchoate Heraclitean flux
by the design of the Demiurge. And if Plato’s account here is
to be taken literally, design becomes something of a first prin-
ciple. When one is doing natural science, one is discovering
the formal realities that inspired the Demiurge to produce the
world:

Now surely it’s clear to all that it was the eternal model
that he looked at, for, of all things that have come to be,
our universe is the most beautiful, and of causes the
Demiurge is the most excellent. This then is how it came
to be: it is a work of craft, modeled after that which is
changeless and is grasped by a rational account, that is,
wisdom. (J. M. Cooper 1997, 29a)

The debate over whether Plato’s account is to be taken liter-
ally extends nearly to the time of Plato himself, with members
of Plato’s own Academy taking opposing positions. But the
literal reading was favored by Aristotle, the Epicureans, the
Stoics, Galen, and at least two Platonists of the second cen-
tury C.E., Plutarch and Atticus (Zeyl 2000). On this reading,
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Plato is prepared to introduce intelligent design into the cur-
riculum at the Academy:

Now it wasn’t permitted (nor is it now) that one who is
supremely good should do anything but what is best.
Accordingly, the god reasoned and concluded that in
the realm of things that are naturally visible no unintel-
ligent thing could be as a whole better than anything
which does possess intelligence as a whole.... When the
maker made our world, what living thing did he make it
resemble? Let us not stoop to think it was any of those
that have the natural character of a part, for nothing that
is a likeness of anything incomplete could ever turn out
beautiful. Rather, let us lay it down that the universe
resembles more closely than anything else the Living of
which all other living things are parts.... Since the god
wanted nothing more than to make the world like the best
of the intelligible things, complete in every way, he made
it a single visible living thing, which contains within itself
all the living things whose nature it is to share. (J. M.

Cooper 1997, 30a-31a)

As one commentator has put the matter, Anaxagorean Mind,
in Plato’s later thought, becomes a divine craftsmen (Lennox
2001, 287). The decree of Socrates in the Phaedo - that expla-
nation is teleological explanation - is upheld a fortiori in
Plato’s mature work. For Plato, the world is a living organism.
The whole is not to be understood in terms of its parts, but
the parts in terms of their contribution to what is best. And to
expect what is best to come to be from what is not is to expect
a surplus to come to be from what is less.

THE MASTER OF THOSE WHO KNOW

Plato’s best student is no creationist. Linking time inextricably
to motion, Aristotle believed that the variety of creation found
in the Timaeus commits one to the idea that time came into
being (Plate XIV). The idea that time came into being issues
in the idea that the period erstwhile involves — what appears to
be a contradictio in adjectivo - a time before time. Aristotle is
not an atheist. In the twelfth book of his Metaphysics, however,
he argues that contemplation is the best activity and the only
activity befitting God. Creation, as it were, would make God’s
existence less contemplative. And the idea that God has an
existence less than ideal is unseemly. Nevertheless, insofar as
God’s existence is a paradigm at which all things aim, God is
in a certain sense a first mover.

With respect to the problem of origin, on the one hand,
Aristotle believed with the materialists that the world need
not come to be ex nihilo and that change requires a substrate.
On the other hand, Aristotle believed that those materialists
who find order generated from the random accept something
akin to the idea that one might get something from nothing,.
In Physics 11.3, Aristotle develops an account that delineates
four aspects of explanation. In one way, he says, the thing out
of which a thing comes to be is called a cause, for example,
the bronze of the statue. The scholastics referred to this part

of an explanatory account as causa materialis, or the material
cause. In another way, there is the causa formalis, the form
or archetype of the explanandum, the shape imposed upon
the bronze by the sculptor. There is also the primary source
of the explanandum to consider, or that which makes what
is made, as Aristotle puts it. This is the causa efficiens or the
efficient cause, for example, the sculptor who brings about the
artifact. And, finally, there is the causa finalis, the end or that
for the sake of which the thing made is made. Aristotle takes
his materialist predecessors to have focused upon the material
and efficient variety of causes at the neglect of the final and
formal. An enumeration of the raw materials that compose a
house does not present a sufficient reason for the existence
thereof. That the materials are arranged in a certain way for a
certain end is also required. So, if we neglect form and func-
tion, we appear to think that things can come about without
sufficient reason.

Aristotle develops his account of teleological causation by
means of an analogy with crafts, but he thinks the same goes
mautatis mutandis for nature:

Ifthen itis both by nature and for an end that the swallow
makes its nest, and the spider its web, and plants grow
leaves for the sake of fruit and send their roots down for
the sake of nourishment, it is plain that this kind of cause
is operative in things which come to be and are by nature.

(Barnes 1995, 199225-30)

But what reason is there for thinking that organs and organ-
isms are analogous to artifacts? The latter are brought about
by means of deliberation. Aristotle cannot, like Plato, appeal
to the deliberation of the Demiurge in accounting for the for-
mer. So he attempts to minimize the difference by maintaining
that, ultimately, craft and deliberation part ways:

Itis ridiculous for people not to believe that something is
coming about for a purpose if they do not see the moving
cause has deliberated. Yet craft too does not deliberate.
(199b26-28)

The claim is astonishing. His point seems to be that the pro-
duction of an artifact does not rest ultimately on the delibera-
tion of the craftsperson. The deliberation on the part of the
builder is simply the means of getting to the craft itself, which
we need not think itself deliberates:

In investigating the cause of each thing it is always neces-
sary to seek what is most precise (as also in other things):
thus a man builds because he is a builder, and a builder
builds in virtue of his art of building. This last cause then
is prior. (195b21-25)

Even the blueprint is based upon something. And the forms of
reality we find in nature, and only derivatively in art, make for
the essences within the scala naturae. Moreover, in Aristotle’s
view, if we accept the alternative, the view for example of the
atomists, we may avoid the commitment that things come to
be out of nothing. But we are, nevertheless, considering our-
selves entitled to another kind of free lunch (195a25-35).
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While a fair amount of Aristotle’s thinking on biology
1s influenced by his thoughts on theology, to conclude that
Aristotle was content to pronounce ex cathedra on nature
would be a mistake. The following is taken from his Hestoria
Animalium, where Aristotle traces the embryonic develop-
ments of chicks for twenty days, by fracturing, successively,
twenty eggs:

With the common hen after three days and three nights
there is the first indication of the embryo; with larger
birds the interval being longer, with smaller birds shorter.
Meanwhile, the yolk comes into being, rising toward
the sharp end, where the primal element of the egg is
situated, and where the egg gets hatched; and the heart
appears, like a speck of blood, in the white of the egg.
This point beats and moves as though endowed with
life, and from it, as it grows, two vein-ducts with blood
in them trend in a convoluted course towards each of the
two circumjacent integuments; and a membrane carrying
bloody fibers now envelops the white, leading off from
the vein ducts. (561a5-16)

As i1t 1s thus unfair to describe Aristotle’s approach toward
nature as simply stipulative or a priori, it is also nearsighted to
criticize Aristotle’s work as simply panglossian. Final causes
are often described as picturesque but scientifically barren.
But Aristotle’s appreciation for teleological explanation has
been fruitful. The following is a locus classicus for the con-
cept of homology.

There are some animals whose parts are neither identi-
cal in form nor differing in the way of excess or defect,
but they are the same only in the way of analogy, as for
instance, bone is only analogous to fish-bone, nail to
hoof, hand to claw, and scale to feather; for what the
feather 1s in a bird, the scale is in a fish. (486b17-22)

The by now familiar insistence that explanation should
indicate why it is best that things be as they are, the coun-
tenance of causa finalis, leads Aristotle to individuate and
understand organs in terms of their function. And the rec-
ognition that organs among different species are homolo-
gous is a concept that one can hardly do without. Common
descent - it hardly bears mentioning - was Darwin’s way
of explaining homology. Of course, Aristotle’s theoretical
work concerning homology issues the following question.
If Aristotle countenanced homology, why did he not con-
sider common descent a potential explanation thereof?
As the following passage reinforces, Aristotle’s well-forti-
fied commitment to teleology could not be displaced by a
theory that putatively made chance or spontaneity prior to
intelligence.

Why then should it not be the same with the parts in
nature, e.g., that our teeth should come up of neces-
sity - the front teeth sharp, fitted for tearing, the molars
broad and useful for grounding down the food - since
they did not arise for this end, but it was merely a

coincident result; and so with all the other parts in
which we suppose there is a purpose? Wherever then
all the parts came about just what they would have been
if they came to be for an end, such things survived, being
organized spontaneously in a fitting way; whereas those
which grew otherwise, perished and continue to per-
ish, as Empedocles says his “man-faced oxprogeny”
did. Such are the arguments (and others of the kind)
that may cause difficulty on this point. Yet it is impos-
sible that this should be the true view. For teeth and all
other natural things either invariably or for the most
part come about in a given way; but of not one of the
results of chance or spontaneity is this true. We do not
ascribe to chance or mere coincidence the frequency of
rain in winter, but frequent rain in summer we do; nor
heat in summer but only if we have it in winter. If then, it
1s agreed that things are either the result of coincidence
or for the sake of something, and these cannot be the
result of coincidence or spontaneity, it follows that they
are for the sake of something; and that such things are all
due to nature even the champions of the theory which
is before us would agree. Therefore action for an end
is present in things that come to be and are by nature.

(198b24-199a8)

Aristotle attributes a theory to Empedocles where survival
continues to belong to the fittest. As I had suggested earlier,
Empedocles’ view seems to have the fittest surviving at only
one ancestral stage. And that Aristotle would use the locution
“continue to perish” in describing the view he has in mind
might mean that he is entertaining something like an appli-
cation of Empedocles’ view to successive generations. He
argues that organs cannot ultimately be the product of chance,
because regularity is not the product of chance, and organs
are formed in a regular way. Of course, when he argued that
chance could not account for the regularity with which we
find incisors in the front and molars in the back of the mouth,
he seems to overlook the fact that the explanation in question
concerned not the question of how teeth are regularly formed
in this way but, rather, the question of how the organs origi-
nated (Sedley 2007, 191). And, given Darwin’s systematic use
and articulation of natural selection, this is a distinction that is
not so easy to overlook.

THE PHILOSOPHER’S LEGACY

Aristotle’s influence can hardly be exaggerated. With the
rediscovery of Aristotle’s works in the twelfth and thir-
teenth centuries comes Aristotle’s deification, as Aristotle 1s
often referred to simply as The Philosopher. All of the five
ways provided by Saint Thomas Aquinas are unmistakably
Aristotelian, and the fifth is a locus classicus for the argu-
ment from design. In the fourteenth century, Dante described
Aristotle as “the master of those who know.” While some
modern philosophers sought to eliminate causa finalis from
explanation - René Descartes, for example, thought that there
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was an element of hubris in trying to discern God’s inten-
tions - for others (e.g., Leibniz), it is clear that final cause
played an important role in their thinking. The Scottish skep-
tic and empiricist David Hume, in his Dialogues Concerning
Natural Religion, provides a compelling criticism of the use
of teleology in the argument from design. Even here, however,
it has been suggested that Hume believed the appearance of
design so manifest that - much akin to belief in the exter-
nal world, or the efficacy of induction - it was immune from
serious doubt (Butler 1960). In just this way, in the Critique
of Fudgment, Immanuel Kant argued that plants and animals
must be considered natural ends, as we can conceive of their
possibility only on the assumption that they came about in
accordance with design. Darwin’s contemporaries held simi-
lar convictions. The French anatomist George Cuvier, for
example, who was influential in Darwin’s day, held teleologi-
cal commitments that were explicitly Aristotelian:

Natural history nevertheless has a rational principle that
is exclusive to it and which it employs with great advan-
tage on many occasions; it is the conditions of existence
or, popularly, final causes. As nothing may exist which
does not include the conditions which made it possible,
the different parts of each creature must be coordinated
in such a way as to make possible the whole organism,
not only in itself but in relationship to those which sur-
round it, and the analysis of these conditions often leads
to general laws as well founded as those of calculation or
experiment. (Cuvier 1817, 1:6)

Darwin himself had a very high opinion of Aristotle. In a let-
ter to William Ogle, an English translator of Aristotle’s De

Partibus Animalium, Charles Darwin expresses respect and
admiration for Aristotle:

You must let me thank you for the pleasure which the
Introduction to the Aristotle book has given me. I have
rarely read anything which has interested me more....
From quotations which I had seen I had a high notion of
Aristotle’s merits, but I had not the most remote notion
what a wonderful man he was. Linnaeus and Cuvier
have been my two gods, though in very different ways,
but they are mere school-boys to old Aristotle.... I never
realized before reading your book to what an enormous
summation of labour we owe even our common knowl-
edge. (DCP, 13697, letter from Darwin to Ogle, February
22,1882, quoted in Gotthelf 1999, 15)

Of course, Darwin always took final cause very seriously. And it
was to final cause that natural selection ultimately spoke (Ruse
2008, 16). Finding a cause, as we have seen, is very important.
Things really do not come about ex nihilo. Darwin’s mecha-
nism of natural selection filled the gap. Having done so, he was
able to explaininstinct, paleontology, geographical distribution,
morphology, and embryology, with the fact of evolution (39).
It is understandable that the most influential philosophers of
antiquity, who could not avert their gaze from this appearance
of design - so too their heirs - put so much energy into defend-
ing it. Teleology became, as a result, a centerpiece around
which a great deal of thought was built. Their view taken as a
whole was not unattractive or simpleminded. By making natu-
ral selection a centerpiece, however, Darwin was able to show
that a great deal of important scientific thought could be con-
structed without the commitment to causa finalis.
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Evolution before Darwin

Michael Ruse

VOLUTION IS A child of the Enlightenment. For the Greeks, ongoing organic

change was simply ruled out by the design-like nature of organisms (Sedley

2008). They must be understood in terms of what Aristotle called “final
causes.” The eye is for seeing, the hand is for grasping. The Greeks could not see
how this intricate, purposeful complexity could have come about by blind law, and
so they denied the possibility of what Charles Darwin called “descent with modifi-
cation.” This fixity was reinforced when Christianity appeared and when the new
religion decided to take on board what Thomas Carlyle called “Jewish old clothes.”
It was by no means obvious to the early members of the church that they had to
adopt the Old Testament as canonical — it was after all the record of a group who
had brought on the death of the Christian Savior. However, particularly under the
influence of Saint Augustine (ca. 400 C.E.), it was appreciated that making sense of
Christian drama demanded the background of the Jewish history, and so the early
chapters of Genesis became an integral foundation of the Christian religion.

This happy fusion of Greek philosophy and Jewish religion lasted for more than
fifteen hundred years. The earth was young, organisms were created by divine fiat,
humans (just one pair) came last, and shortly thereafter almost everything was wiped
out by a worldwide flood. As we move from the seventeenth to the eighteenth cen-
tury, various factors acted to break the stranglehold of this vision. First there was the
rise of science: in the physical sciences there arose thoughts that perhaps origins
could be explained naturally; in the earth sciences, suspicions that so complex an
entity as the globe could not be quite as young as once suspected. Then there were
the pressures from philosophy and religion. The great French philosopher René
Descartes lived and died a practicing Catholic. But his Meditations introduced the
idea of a malignant being that deceives us all, and although Descartes himself thought
he had contained this being, others were not quite so sure. Even more corrosive was
both the Reformation (with at least two variants of Western Christianity, why should
one be true and not the other?) and the discovery of non-Christian faiths in the East
(who 1s to say that Buddhists or Confucians are completely wrong in their ignorance
of the Christian story?).
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F1GUuRrE 2.1. During the French Revolution, Jean-Baptiste Pierre Antoine
de Monet, Chevalier de la Marck (1744-1829), throve happily through the
troubles and upheavals because he was deeply committed to its ideals of
change and progress. Today he is best known as the father of “Lamarckism,”
the inheritance of acquired characteristics, but in fact he was not the first
to propose this mechanism, and in his eyes it was never the main force for
change. This picture dates from 1802, just around the time when he became
an evolutionist. From Archives du Muséum d’Histoire Naturelle, 6th ser., 6

(1930)

Most importantly of all, a new ideology that appeared
on the scene did not completely remove worries about final
causes (in biology that is); but, for many it did trump the
total opposition to organic change, or “transmutation” as it
was generally known (Ruse 1996, 2010). This was the idea of
progress, the belief that it is possible through human effort to
improve our lot — we can learn more about the world through
science and then, applying this knowledge, can improve our
living conditions, our health care, our education, and much
more that makes for a full and satisfying life (Bury 1920).
Almost immediately, enthusiasts for cultural progress picked
it up and applied it to the world of life, arguing that where
there is progress there is also transmutation, something that
was then generally used in a good circular fashion to argue for
cultural progress.

Denis Diderot, the French encyclopedist, was a pioneer.
“Just as in the animal and vegetable kingdoms, an individual
begins, so to speak, grows, subsists, decays and passes away,
could it not be the same with the whole species?” (Diderot
1943, 48, quoting On the Interpretation of Nature, 1754) He
made no bones about seeing a link between his social views
and his scientific speculations. “The Tahitian is at a primary
stage in the development of the world, the European is at its
old age. The interval separating us is greater than that between
the new-born child and the decrepit old man” (Diderot 1943,
152, quoting Supplement to Bougainville’s Voyage, 1772). A
couple of points should be made, applying not only to Diderot
but also to subsequent thinkers. First, one should not auto-
matically assume that embracing transmutation meant that

one was an atheist. Generally, most transmutationists moved
to some form of deism, meaning a belief in a god who is an
unmoved mover - a god who has created and set the universe
in motion and now lets everything unfold through unbroken
law. For such a god, transmutation is, if anything, proof of
his existence and power rather than a refutation. This does
not mean that there was now no clash between science and
religion. But usually there was no obsessive worry about the
exact text of scripture; although this was always in the back-
ground, Saint Augustine had given us the tools to tackle
this problem (McMullin 1985). He himself took Genesis lit-
erally, but he argued that if science conflicts with scripture,
then it might be necessary to interpret scripture allegorically
or metaphorically. Biblical literalism today comes out of
nineteenth-century America and is not really to be found in
traditional Christianity. The big concern then was the clash
between progress and Providence. Providence means that we
are sinners and can do nothing except through the redeeming
grace of Jesus’ sacrifice. Progress challenges this viewpoint,
arguing that we humans can indeed, unaided, improve things.
In the eyes of many Christians this is unjustified, prideful
hubris.

The other point to be made is that generally no one was
under major illusions that transmutationism was more than an
epiphenomenon of cultural value-laden notions of progress. It
was not something grounded in fact and theory. Until well into
the nineteenth century, the empirical evidence was just not
there. No one in the eighteenth century had a good grasp of
the fossil record, or of the geographical distributions of organ-
isms. There was some suggestive evidence — Aristotle had
recognized what we today called “homologies,” the isomor-
phisms between animals of different species (like the bones of
the forelimbs of humans, horses, bats, birds, and porpoises).
But this was hardly overwhelming. The actual term “pseudo-
science” is an invention of the 1820s, but the notion was fully
articulated in the eighteenth century, and basically this was
the category into which transmutation was deposited.

One can say that, whatever its status, once planted ideas
of transmutation proved to be a hardy plant or thriving weed,
depending on one’s perspective. To the chagrin of profes-
sional scientists, pseudosciences can be very popular. Over
in Britain, toward the end of the eighteenth century, a full-
blooded Enlightenment figure, keen on industry and medi-
cine and science — not to mention political revolutions (first
in America and then, until things got out of hand, in France) -
was the physician and future grandfather of Charles Darwin,
Erasmus Darwin. Much given to writing in verse, the merits of
which are not entirely obvious to posterity, Erasmus Darwin
gushed forth on the topic of organic change.

Organic Life beneath the shoreless waves

Was born and nurs’d in Ocean’s pearly caves;
Furst forms minute, unseen by spheric glass,
Move on the mud, or pierce the watery mass;
These, as successtve generations bloom,

New powers acquire, and larger limbs assume;

% 40 ¥



EVOLUTION BEFORE DARWIN

+a

Time

f~)

Common descent

Ficure 2.2. This diagram shows the big difference between the thinking about the history of
Charles Darwin (left) and Lamarck (right). For Darwin, common ancestry was always part of
the picture, whereas for Lamarck it was ever a climb up the Chain of Being, with new life always
starting the climb again. For Darwin, extinction is forever, whereas for Lamarck, if a species goes
extinct in one period, it will reappear in a later period. Permission: Ruse drawing

Whence countless groups of vegetation spring,
And breathing realms of fin, and feet, and wing.

Thus the tall Oak, the giant of the wood,
Which bears Britannia’s thunders on the flood;
The Whale, unmeasured monster of the main,
The lordly Lion, monarch of the plain,
The Eagle soaring in the realms of air,
Whose eye undazzled drinks the solar glare,
Imperious man, who rules the bestial crowd,
Of language, reason, and reflection proud,
With brow erect who scorns this earthy sod,
And styles himself the image of his God;
Arose from rudiments of form and sense,
An embryon point, or microscopic ens!

(E. Darwin 1803, 1, lines 295-314)

This vision was all bound up with the cultural idea of pro-
gress: “This idea [that the organic world had a natural origin]
is analogous to the improving excellence observable in every
part of the creation; ... such as in the progressive increase
of the wisdom and happiness of its inhabitants” (E. Darwin
1794, 509).

Moving back to France and entering the nineteenth cen-
tury, just as Erasmus Darwin’s writings were coming to an end
the torch was picked up by the best known of all of the pre-
Charles Darwin evolutionists (Fig. 2.1). Jean-Baptiste Pierre
Antoine de Monet, Chevalier de la Marck, was a minor aris-
tocrat who (having wisely changed his name to Citoyen J-B
Lamarck) nevertheless rose up through the ranks of science
during and after the Revolution - leading one to suspect, what
1s indeed true, that he was a supporter of change and upward
cultural progress. The actual spur to his becoming a transmu-
tationist was most likely that he was classifying marine inver-
tebrate fossils and could not account readily for the absence

Lamarck

today of some earlier forms. Lamarck thought
their (watery) living conditions were so
comfortable that they would not have gone
extinct — and must therefore be around still
in different forms (Burkhardt 1977).

In his major work, Phelosophie Zoologique
(published in 1809, the year of Charles
Darwin’s birth), Lamarck presented his evo-
lutionary theory illustrating it with a tree of
life - an initial trunk and then different forms
branching off. Actually, however, this was a
little misleading, for although there were by
then people illustrating life’s history using

trees (not necessarily interpreting the past
in an evolutionary fashion but thinking more
in terms of an ongoing nonnatural creation),
and although Darwin in the Origin rather
stitched evolution to the tree for all time,
Lamarck did not really have this view of his-
tory. He thought that life is constantly being
“spontaneously generated,” with worms and
the like being formed by electricity striking
little ponds. Then organisms start moving up the ladder of
life — a ladder that was a combination of medieval beliefs about
organisms taking their places in an upward-rising Chain of
Being with eighteenth-century beliefs about progress. This
means therefore that, at any point in time, the cross section
of living things comes from a set of unequal-length parallel
lines of development. Unlike a tree of life, today’s lions and
today’s humans are not related. At some point in the distant
future, lions will evolve into humans. Extinction is never for-
ever because more primitive forms will eventually evolve into
those forms which have gone extinct (Ruse 1999a) (Fig. 2.2).

Lamarck is best known today for the mechanism that
bears his name, the inheritance of acquired characteristics.
The blacksmith’s arms get strong through work at the forge,
and the blacksmith’s children are born with stronger arms.
The giraffe stretches its neck to get to the branches, and its off-
spring are born with longer necks (Fig. 2.3). This mechanism
was not a discovery of Lamarck. It is to be found, for instance,
in the writings of Erasmus Darwin. More famously, after natu-
ral selection it was always a secondary mechanism for Charles
Darwin. For Lamarck himself, it too was a secondary mecha-
nism after the main force for change, a kind of directed power
forcing organisms ever upward. Lamarckism, the inheritance
of acquired characteristics, was laid on top of this basic pic-
ture, rather spoiling the smooth upward flow. It was this that
Lamarck was trying to illustrate with his tree of life.

Lamarck was a professional scientist, well respected for
his work on botanical and invertebrate classification. He had,
however, something of a reputation for wild speculation, cost-
ing the government a great deal of money because of his fanta-
sies about meteorology. His thinking about transmutation was
likewise regarded skeptically by many, simply because of what
it was. Lamarck’s evolutionary ideas had their admirers and
supporters (Corsi 1988). Yet one somewhat unfortunate fact
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Ficure 2.3. Giraffes arrived at the Muséum d’Histoire Naturelle around 1830. They seemed to confirm the claim of
Lamarck’s Philosophie Zoologique (1809) that much stretching and stretching had resulted in permanent neck lengths.
Nineteenth-century print

of timing for all such thinking was that, with the horrors of the
French Revolution still raw in people’s minds, the philoso-
phies that led to it - beliefs in progress being at the forefront -
were regarded with much political suspicion and distaste.
Erasmus Darwin had likewise felt this wave of disapproval.
The most devastating rebuttal of his ideas came not as rea-
soned objections to his ideas but, at the hands of conservative
politicians, through parodies making cruel fun of his poetic
speculations (Canning, Frere, and Ellis 1798).

A more measured critique of evolutionary thinking came
from the great German philosopher Immanuel Kant. His
objection was that of the Greeks. He could see no way to rec-
oncile creation through blind law with the design-like nature
of organisms. He wrote that an organism, although governed
by the natural laws of physics, is not “a mere machine, for that
has merely moving power, but it possesses in itself formative
power of a self-propagating kind which it communicates to
its materials though they have it not of themselves; it orga-
nises them, in fact, and this cannot be explained by the mere
mechanical faculty of motion.” You have to invoke some prin-
ciple of organization, of final cause, as organisms, and their
parts are seen to be working toward ends. This led to the
notorious claim that “it is alike certain that it is absurd for men
to make any such attempt or to hope that another Newton will
arise in the future, who shall make comprehensible by us the
production of a blade of grass according to natural laws which
no design has ordered. We must absolutely deny this insight
to men” (Kant 1790, 54).

Kant did not think that the idea of organic evolution is
silly. Indeed, like some of the evolutionists of his day (e.g.,
Erasmus Darwin), Kant thought that the isomorphisms

between the parts of different organisms rather point in the
way of evolution. “This analogy of forms, which in all their
differences seem to be produced in accordance with a com-
mon type, strengthens the suspicion that they have an actual
kinship due to descent from a common parent.” Kant even
went on to spell things out, speaking of our ability to “trace in
the gradual approximation of one animal species to another,
from that in which the principle of ends seems best authenti-
cated, namely from man, back to the polyp, and from this back
even to mosses and lichens, and finally to the least perceivable
stage of nature” (Kant 1790, 78-79). But ultimately it appears
that these connections are all ideal, connections in theory, and
not in actuality. There is no common descent. Evolution is
untrue.

Georges Cuvier, the great French comparative anatomist at
the beginning of the nineteenth century, was almost certainly
influenced by Kant, not least in his principle of understand-
ing that he believed governed all thinking in the biological sci-
ences (Fig. 2.4).

Natural history nevertheless has a rational principle that
is exclusive to it and which it employs with great advan-
tage on many occasions; it is the conditions of existence
or, popularly, final causes. As nothing may exist which
does notinclude the conditions which made its existence
possible, the different parts of each creature must be
coordinated in such a way as to make possible the whole
organism, not only in itself but in its relationship to those
which surround it, and the analysis of these conditions
often leads to general laws as well founded as those of
calculation or experiment. (Cuvier 1817, 1:6)
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For Cuvier, like Kant, all of this made evolution impossible.
Apart from anything else, an organism midway between two
established forms would be literally neither fish nor fowl. It
would be out of adaptive or final-cause focus and could not
survive. Not that this theoretical impossibility deterred Cuvier
from offering detailed empirical reasons why evolution cannot
be true. Almost paradoxically, it was he who first started to
see the fossil record in a roughly progressive fashion, but for
him the gap between forms was definitive — as was the fact that
the mummified forms (of cats and birds and the like) being
brought back from Egypt (thanks to Napoleon’s excursions
into Africa) were exactly the same species as exist today. So
many years, so little change.

Unlike most of his countrymen, Cuvier was a Protestant.
But it seems that this had little significance in his opposition
to evolution. More likely underlying his distaste was a con-
servative nature, one that served him well as a servant of the
state (for he held important bureaucratic roles both under
Napoleon and in the years after) and that included a deep
hostility to philosophies of progress that he saw as having led
to nothing but disruption and confusion. However, it is hard
to keep a good idea down, and as the century moved along,
increasingly ideas of progress started again to flourish.

Germany, distinctively, reflected the philosophical ide-
alism popular in that country. The group of thinkers known
as Naturphilosophen and their sympathizers all subscribed
to some kind of upward progression of ideas and possibly all
reality (R. J. Richards 2002b). Sometimes, as for instance in
the case of the philosopher Hegel, this was kept firmly in the
realm of the ideal.

Nature is to be regarded as a system of stages, one aris-
ing necessarily from the other and being the proximate
truth of the stage from which it results: but it is not gener-
ated naturally out of the other but only in the inner Idea
which constitutes the ground of Nature. Metamorphosis
pertains only to the Notion as such, since only its alter-
ation is development. But in Nature, the Notion is partly
only something inward, partly existent only as a living
individual: existent metamorphosis, therefore, is limited
to this individual alone. (Hegel 1817, 21)

Others, like the biologist Lorenz Oken and most probably the
poet Goethe by the end of his long life (1832), were seeing this
as the actual course of history. Note, however, that, whereas
for Charles Darwin, much influenced by British natural the-
ology (above all by Archdeacon William Paley) and almost
certainly (through his Cambridge mentors) by Cuvier’s think-
ing on conditions of existence, the final-cause-like nature of
organisms was the overwhelming item in need of explanation,
for the German thinkers it was always isomorphisms - homol-
ogiles — that were central to their vision. It was in and because
of these similarities, reflecting ideal archetypes or Baupline,
that their Neoplatonic vision of the ultimate connection or
oneness of all being was grounded.

Perhaps independently, this kind of formalistic thinking -
as opposed to the Kant-Cuvier-Paley-Darwin functionalist

Ficurk 2.4. The French biologist Georges Cuvier (1769-1832) is rightly
known as the father of comparative zoology. Deeply influenced by both
Aristotle and Kant (he was educated in Germany), Cuvier made final
causes — what he called “conditions of existence” - the linchpin of his
scientific thought. For him, evolution was not just false but theoretically
impossible, for it would mean that organisms would have to travel from one
integrated functioning form to another, passing over a space of nonfunction-
ality. Nineteenth-century lithograph

thinking - also found a happy home in France. Cuvier’s some-
time friend and then great biological rival Etienne Geoffroy
Saint-Hilaire endorsed a form of Lamarckian evolution, spiced
with the notion of archetypes on which groups of organisms
were modeled (Appel 1987). Starting with the mammalian ear -
“Strictly, it will suffice for you to consider man, a ruminant, a
bird, and a bony fish. Dare to compare them directly and you
will reach in one stroke all that anatomy can furnish you of the
most general and philosophical nature”- Geoffroy was soon gen-
eralizing out to other bones in the vertebrate body - “An organ is
sooner altered, atrophied, or annihilated than transposed” - and
before long (to Cuvier’s great ire) he was seeing links between
mnvertebrates and vertebrates, and nothing could stop an
enthusiasm for total, organic change (Geoffroy 1818, xxxviii).

These ideas crossed over to Britain. Once the Napoleonic
Wars were firmly finished and memories receding, and indus-
try and commerce again starting to thrive and grow — partic-
ularly the incredible explosion of the railway system - ideas
of progress started to find renewed support and expression.
The Scottish anatomist Robert Grant was one who absorbed
the message of archetype-based transmutationism (Desmond
1989). Among those who were exposed to his enthusiasm in
the 1820s was the young Edinburgh University medical student
Charles Darwin (who had apparently already read some of his
grandfather’s works). Grant moved to London, but his career
was never successful. The very opposite is true of the English
anatomist Richard Owen, who by the 1840s was by far the coun-
try’s most important biologist (Rupke 1994). Because he was
always dependent on conservative patrons, he had to conceal
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F1curk 2.5. Publisher Robert Chambers (1802-71) was an enthusiast for many unorthodox ideas
including phrenology, evolution, and spiritualism. (Later, he and Alfred Russel Wallace had com-
forting exchanges on the last-named phenomenon.) Like other early evolutionists, his enthusiasm
for evolution was a function of his enthusiasm for cultural progress. His mechanism for change,
based on Germanic ideas about development, saw embryos as going through stages, and, if birth is
delayed, then they develop to the next higher form on the chain of being. Left: Nineteenth-century
lithograph. Right: F stands for fish; R for reptiles; B for birds; and M for mammals. A, C, D, simply
mark points of divergence. From R. Chambers, Vestiges (London: Churchill, 1844)

his more radical thinking. But Owen always had a strong liking
for Germanic-type thinking. In the Darwinian story he is, with
justification, labeled the anti-Christ because of his opposition
to the Orygin; but jealousy at not being able to express his own
evolutionary yearnings was a major factor there. Certainly, later
in life, Owen was explicitly an idealist evolutionist, but even in
the 1840s he was giving hints of such thinking. He made much
of the vertebrate archetype, and although ambiguous, a sympa-
thetic thinker could interpret in a fairly concrete way his under-
standing of the upward rise of organic life (Owen 1849).

There was no such ambiguity in the anonymously pub-
lished Vestiges of the Natural History of Creation. Appearing
in 1844, and now known to have been written by the Scottish
publisher Robert Chambers, it was an interesting mishmash
of idiosyncratic understandings of physics, amateur paleon-
tological gleanings, up-from-the-cutting-floor ruminations
about embryology, speculative hypothesizing of a sociopoliti-
cal nature, and much more (Fig. 2.5). It preached a doctrine of
upward change from the inorganic - the frost patterns on win-
dows in winter were thought particularly suggestive — through
the major classes of organisms, where every now and then a
developing embryo stays a little longer in the womb and thus
goes on to become a new species. And through and through
the message was one of progress.

A progression resembling development may be traced in
human nature, both in the individual and in large groups

of men.... Now all of this is in conformity
with what we have seen of the progress of
organic creation. It seems but the minute
hand of a watch, of which the hour hand
is the transition from species to species.
Knowing what we do of that latter transi-
tion, the possibility of a decided and gen-
eral retrogression of the highest species
towards a meaner type is scarce admissible,
but a forward movement seems anything
but unlikely. (Chambers 1846, 400-2)

F This really was the fast food of science, and
like fast food always, it was loathed and
condemned by the establishment and loved
and gobbled up by the general population
(Secord 2000). Whatever its status as a work
of science - and all agreed that later editions
(where Chambers sought professional scien-
tific collaborative help) were much improved
over the first edition - it was written by a man
who knew how to make a case and present
it to the public and, moreover, by a man
who could see a good point if it was there,
for by now the fossil record was getting bet-
ter known and the embryological evidence
was (to put it mildly) highly suggestive. By
midcentury in Britain, evolution was an idea
known by all, hated by most professional sci-
entists, and loved by altogether-too-many people in the more
gullible parts of the population - as the professionals noted
gloomily, in the more gullible, distaff parts of the population.
The smash-hit success of the age was a tribute to a friend who
died young, In Memoriam, which was written over twenty
years and published in 1850 by Alfred Tennyson. Picking up
on the optimistic theme of Vestiges, the poem ended echoing
the evolutionary tract, suggesting that the dead friend was a
higher type who had arrived too early.

A soul shall strike from out the vast
And strike his bevng into bounds,

And moved thro’ life of lower phase,
Result in man, be born and think,
And act and love, a closer link
Betwixt us and the crowning race
Whereof the man, that with me trod
Thus planet, was a noble type
Appearing ere the times were ripe,
That friend of mine who lives in God.

The dear Queen (Victoria) found this a great comfort when
Prince Albert died.

When Darwin published - and by midcentury he had
already been sitting on his ideas for a decade - there was no
shock to evolution as such. The shock was more that now
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all must accept it, or at least take it seriously, given Darwin’s
status as a very professional scientist. Even had Vestiges
started to recede in memory, a new authority on the science
was now making certain that evolution - and it was he who
really popularized the word (which hitherto had been applied
more to individual than to group development) — was an idea
that all must acknowledge if not accept. Herbert Spencer,
from England’s middle classes and an enthusiastic sponge
for all radical ideas - be they extreme laissez-faire econom-
ics or a thoroughly naturalized philosophy of knowledge and
morality - preached (and that is not an inappropriate term)
evolution right through the 1850s, an evolution whose back-
bone was progress (Richards 1987): from the simple to the
complex, from what Spencer called - and he acknowledged
explicitly his debt to German thinking including Goethe and
(especially) the philosopher Friedrich Schelling - the homo-
geneous to the heterogeneous.

Now, we propose in the first place to show, that this law
of organic progress is the law of all progress. Whether it
be in the development of the Earth, in the development
of Life upon its surface, in the development of Society,
of Government, of Manufactures, of Commerce, of
Language, Literature, Science, Art, this same evolution
of the simple into the complex, through successive dif-
ferentiations, holds throughout. (H. Spencer 1857, 2-3)

Scholars are now realizing just how influential Spencer’s
thought has been, especially with American evolutionists in
the twentieth century, but if we look at it first in cold daylight it
comes across as very odd. In its fullest form, it seems to involve
a kind of stability, disrupted on occasion by external forces and
which then strives to reachieve stability at a higher level (H.
Spencer 1862). This vision of “dynamic equilibrium,” as it is
called, is part metaphysical, part based on an eclectic reading of
then-contemporary physics, and part a half-baked understand-
ing of German morphology and philosophy. It is thoroughly
non-Darwinian and, inasmuch as there are physical causes (as
opposed to metaphysical destiny), they are firmly Lamarckian -
the inheritance of acquired characteristics. In this Spencer was
at one with most pre-Darwinian evolutionists, who seem gener-
ally to have put the burden of change more on upward-reaching
metaphysical impulses than on real physical causes.

In Spencer’s case this is almost paradoxical. It has long
been realized - it was firmly drawn to Darwin’s attention —
that many people had hit on the notion of natural selection
before he did. The physician William Wells (1820) had floated
the idea when Darwin was a child. Patrick Mathew (1831),
a writer on timber, had had the idea. Richard Owen always
claimed that the idea was his. Darwin had probably read an
article mentioning the idea, and he had certainly read a pam-
phlet by an animal breeder who suggested the mechanism
in passing (Ruse 1975b). None of this really means much,

because no one was making it the basis of a theory of evolu-
tionary change — when Darwin read the pamphlet, he actu-
ally noted the passage but (this was some months before he
had the big breakthrough that did lead to his seeing the sig-
nificance of natural selection) did not make that much of it,
and certainly did not put it into a full evolutionary context.
Spencer too was one who hit on the idea of natural selection:
even back at the beginning of the 1850s, he suggested that it
1s working among humans. Taking note of the dreadful story
of the Irish - remember Spencer was writing a year or two
after the potato famine - we learn: “For as those prematurely
carried off must, in the average of cases, be those in whom the
power of self-preservation is the least, it unavoidably follows,
that those left behind to continue the race are those in whom
the power of self-preservation is the greatest — are the select of
their generation” (H. Spencer 1852, 500). But almost typically,
Spencer never thought this insight significant, incorporating
it into a very non-Darwinian context. Like Darwin, Spencer
was impressed by the Reverend Thomas Robert Malthus’s
gloomy calculations that population numbers outstrip food
supplies and thus lead to an inevitable struggle for existence.
But whereas Darwin used this idea to fuel his selective mech-
anism of change, Spencer rather argued that, as you go up the
evolutionary scale and intelligence rises, reproductive abilities
and inclinations decline - the dumb herring reproduces much
and the clever elephant a little — and that hence eventually the
Malthusian pressure falls away. It is indeed true that, in the
Descent, Darwin likewise worried about the large-familied
Irish and the small-familied Scots (eventually deciding that
the Scots win because they look after their children better),
but overall the distance between Spencer and Darwin could
not be starker.

We should not read the history of pre-Darwinian evo-
lution too much one way or the other. Darwin was not the
first evolutionist. By the time he published, the idea was well
known, and he certainly did not have to fight to bring it to
people’s attention. In Britain - and elsewhere - there were
already many accepting or at least favorable to some version
of evolution. And even before Darwin, it is clear that religious
reactions would be at least mixed and not necessarily univer-
sally unfavorable. Having said this, even by the time of the
Origin the status of evolution was in many respects that of a
pseudoscience, something existing primarily on the back of an
enthusiasm for various notions of social or cultural progress.
And even if one goes so far as to say that there were hints in
the wind about natural selection, until Alfred Russel Wallace
made his genuine independent discovery in 1858 no one else
sensed that here was something that could fuel evolution-
ary change and speak to the worry about design, about final
causes. Putting Charles Darwin in historical context in no way
detracts from the significance of what he did to further our
understanding of origins.
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Charles Darwin’s Geology: The
Root of His Philosophy of the Earth

David Norman

HARLES ROBERT DARWIN was the epitome of the nineteenth-century natu-

ral philosopher by temperament and by training. Nevertheless, the ambit of

his researches, which had roots that were firmly planted in the interwoven
fields of chemistry, mineralogy, and geology, is quite extraordinary in the way that it
came to encompass the physical and biological world that he inhabited (A. Geikie
1909; Judd 1909; Browne 1995; Herbert 2005).

ORIGINS AND INFLUENCES

Darwin was born into a comfortable and well-respected family in the county town
of Shrewsbury. His father, Robert, a noted physician, astute businessman, and finan-
cier (Browne 1995), was not scholarly in an academic sense; however, Darwin’s
grandfather Erasmus was a renowned intellect. Among Erasmus’s published works
were geological as well as what we might now refer to as evolutionary interpreta-
tions. The Botanic Garden (E. Darwin 1791) reveals, especially in its “Philosophical
Notes XV-XXIV” and “Geological Recapitulation,” that Erasmus was well versed
in contemporary debates about minerals, rocks, and earth processes. He used this
to make reasoned proposals about the formation of granites, lavas, coal, limestone,
clays, and ironstone and envisaged a dynamic structure to the earth that was driven
by a hot fluid interior (Herbert 1991)." This “dynamic” perspective also resonated
with his understanding of animal life: he understood (as did his approximate con-
temporary in Paris, Jean-Baptiste Lamarck) that change pervades the living world.
For example, Erasmus used the term “evolution” but used it as a descriptor of
growth (ontogeny): the changes in structure and appearance that occur during the
lifetime of any individual as it develops on a trajectory from fertilized egg to adult.
However, it is also clear that Erasmus perceived the possibility of plasticity of animal
form and appearance over much longer periods of time. He used the example of the
existence of purposeless or rudimentary features, such as the accessory toes seen in

! It is interesting to note that he particularly mentions the rocks of Arthur’s Seat in Edinburgh as
demonstrating clear signs of their having formed originally under conditions of extreme heat.
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the feet of cattle and pigs, as suggestive that such animals formerly
possessed fully functional toes but that they had become vestigial
with the passage of time; and he proposed more forthright views
on “transmutation” in his book Zoonomia (E. Darwin 1796).

The extent to which FErasmus’s works influenced
Darwin remain a matter of debate (Browne 1995). Darwin
acknowledged much later (notably in relation to Erasmus’s
quasi-evolutionary speculations) that he was aware of his
grandfather’s writings but did not ascribe any strong influence
to them in relation to the development of his theory of natural
selection. As we shall see, however, such important Darwin-
family books imposed themselves upon Darwin cumulatively
during his pre-Beagle years. And while Erasmus’s zoological
and botanical writings have a “transcendent” quality to them,
laced as they are with poetical musings, the geological obser-
vations are closely argued and seem very relevant to Darwin’s
early intellectual development.

CHILDHOOD

Darwin’s formal education started at the age of eight, at Rev.
Case’s Unitarian chapel school in Shrewsbury. During this
time, Darwin’s fascination with the natural world was fostered;
his father spent time with him in his garden, which was well
stocked with a variety of plants, and no doubt helped him to
identify and name them, perhaps by reference to Erasmus’s
verse compendium 7The Botanic Garden. Darwin assisted his
father with entries in the “Garden Book” that recorded seasonal
changes, in a manner reminiscent of the curate of Selborne
(G. White 1789). In Darwin’s autobiographical sketch (writ-
ten in August 1838, at the time of his engagement to his cousin
Emma Wedgwood), he recalled this time in his life:

I ... formed a strong taste for collecting ... pebbles &
minerals ... when about g or 10 I distinctly recollect the
desire I had of being able to know something about every
pebble in front of the hall door. (Darwin 1985-, 2:439)

His father, recognizing Darwin’s enthusiasms, presented
him with two illustrated reference books on natural history
(Brookes 1763a, 1763b); these had been owned by Robert’s
elder brother, Charles (after whom Darwin had been named).
Uncle Charles died at medical school, and these were Dr.
Darwin’s last reminders of this brother (Browne 1995).

A year or so later, Darwin’s mother Susanna died and,
as had earlier been decided, young Charles was sent away to
board at Dr. Butler’s school in Shrewsbury. Though a mere
fifteen minutes from home, such an abrupt change to his life -
losing his mother and being simultaneously wrenched from a
warm and supportive home - must have been traumatic for the
young boy. Furthermore, the school was tough and austere,
and his memories of school in later life were clearly jaundiced:

Nothing could have been worse for the development of
my mind than Dr. Butler’s school. (Darwin 1958b, 27)

Charles’s natural interests and enthusiasms were, however,
encouraged by increasingly close emotional and intellectual

ties to his elder brother Erasmus (“Eras”). During free time
throughout Charles’s formative years Eras was a companion
and inveterate experimenter: he set up a “chemistry lab” in
a garden outhouse, with Charles recruited as his assistant.
No doubt making “stinks and bangs,” they also analyzed
the composition of minerals (using chemical textbooks) and
even purchased a goniometer to measure the angles between
crystal faces. When Eras left to train for a medical degree in
Cambridge in 1822, Charles continued with experiments and
became particularly proficient in the use of the blowpipe to
assist with the analysis of the chemical composition of a vari-
ety of materials; this required him to blow air through the pipe
into the flame of a gas light to create very high temperatures
to melt or fuse materials under study and naturally enough
earned him the nickname “Gas” among friends at school.

Charles’s intellectual stagnation at school was noted, and
it is not surprising that Charles was withdrawn from school
and sent, in 1825, to join Eras, who had by then moved to
Edinburgh to augment his medical training before becoming a
practicing physician. This suited the sixteen-year-old Charles
and the Darwin family admirably because Eras could act as a
mentor, guide, and companion; they lodged together, and it
seems that his father saw, in Charles’s demeanor and constitu-
tion, promise as a future physician (Browne 1995).

EDINBURGH

Edinburgh at the time of Darwin’s arrival was an academic
crucible: radical, dynamic, and well connected with the
European (French, German, and Italian) powerhouses of
intellectual progress. Darwin attended medical classes in his
first year, but his enthusiasm for medicine waned (F. Darwin
1892). Other interests were, however, nourished (in par-
ticular) by extracurricular courses given by Thomas Hope
and Robert Jameson (Rudwick 2008). Hope taught chem-
istry and included mineralogy, crystallography, meteorol-
ogy, and theories of the earth, among other topics; Jameson
offered natural history and encouraged debate and practical
research by his students (Secord 1991b). Jameson, in particu-
lar, used his museum to demonstrate his lecture material, and
Darwin became very familiar with it and its curator William
Macgillivray. As Secord (1991b) noted, often Darwin’s anno-
tations in his copy of Jameson’s Manual of Mineralogy (1821)
match the museum displays case by case. He also learned how
to discriminate between mammoth and mastodon remains,
which would stand him in good stead during his Beagle years.

Hope and Jameson were also theatrical antagonists: at
heart, Jameson was a “Wernerian” (having been taught by
Abraham Werner in Freiberg) and advocated (somewhat
anachronistically) the view that the geological structure of
the earth (its layers or strata) had settled out in succession
from a former universal ocean. In stark contrast, Hope was
a “plutonist” following Edinburgh-based geologist James
Hutton’s view that the earth had been continuously mod-
ified by internal (volcanic) heat (Rudwick 2008). One par-
ticularly apposite example that embodies the disagreement
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Ficure 3.1. Adam Sedgwick (1785-1873), professor of geology at the
University of Cambridge, taught Darwin the basic methods of geology.
He was always opposed to evolution and wrote bitterly against the Origin.
From J. W. Clark and T. M. Hughes, Life and Letters of Adam Sedgwick
(Cambridge: Cambridge University Press, 1890)

between these two men was the occasion of a field trip led by
Jameson to Salisbury Crags. As Darwin recalled later, while
demonstrating an outcrop displaying a trap dyke, Jameson
said “with a sneer that there were men who maintained that
it had been injected from beneath in a molten condition”
(F. Darwin 1892).

Darwin was by now proficient in the rudiments of geol-
ogy and knew that Jameson was mistaken (incidentally sid-
ing with his grandfather). Janet Browne (1995) revealed that
during 1826-27 Darwin purchased and read some important
books, including Erasmus Darwin’s Botanic Garden (1791)
and Zoonomia (1796). Darwin also met, toward the close of
1826, the zoologist Robert Grant, who taught Darwin zoolog-
ical dissection and the complexity of the life cycles of marine
creatures collected from the Firth of Forth; through Grant’s
involvement with the Plinian Society, Darwin developed a
taste for the presentation of novel research observations. The
complex nature of animal life cycles and the variation seen in
fossils prompted Grant to suggest that it was reasonable to
suspect that animal species may likewise have adapted and
changed over time; and he expressed admiration for similar
views held by Darwin’s grandfather and Lamarck (prompting
Darwin to read both authors: [Browne 1995]).

Darwin’s exposure to aspects of mineralogy and gen-
eral geology and the intellectual debates surrounding these
subjects were remarkably timely (Porter 1977, 1978; Laudan
1987; Rudwick 2008) but might not have been peivotal had it
not been for parental intervention when it became apparent
that Darwin had not been attending to his medical studies in
Edinburgh.

CAMBRIDGE

A frank reappraisal by father and son of lack of progress on
the medical course followed in the summer of 1827. It was
decided that Charles would transfer to Cambridge in order
to study for an “ordinary degree” as a necessary prelude to
taking Holy Orders and becoming a clergyman. Dr. Darwin
was anxious to avoid the risk of Charles becoming (as Eras
had) an “idle man” so a safe, established career path and one
that would leave Darwin with time to indulge his passion for
natural history appealed to father and son.

Christ’s College Cambridge proved to be a comfortable
base for work, sport, and hobbies for Darwin. The ordinary
degree appears not to have been overly demanding - Darwin
graduated 10th in a class of 178. But of far greater impor-
tance was the fact that Darwin’s time at Cambridge (1828-31)
overlapped that of a number of young, extremely gifted and
influential natural philosophers (“men of science”). Leading
among these were John Henslow, who had been a professor of
mineralogy from 1822 to 1827 but then switched his attention
to botany. Henslow occupied a pivotal position in Cambridge;
he and Adam Sedgwick (the Woodwardian Professor of
Geology) founded the Philosophical Society for the purpose
of debating and publishing articles on mathematics and the
sciences. Among the group of like-minded academics were
future stars of nineteenth-century science: William Whewell
(who succeeded Henslow to the chair of mineralogy),
George Airy (the Lucasian Professor of Mathematics), and
other Cambridge luminaries such as Charles Babbage, John
Herschel, and George Peacock.

Henslow held open house once a week; these convivial
occasions encouraged philosophical discussion and could
be attended by undergraduates who professed an interest

Ficure 3.2. Charles Lyell’s Principles of Geology (1830-33) was prob-
ably the single greatest scientific influence on Darwin, for all that it denied
evolution. From K. Lyell, Life and Letters of Charles Lyell (London: John
Murray, 1881)
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in natural philosophy. Darwin gained an invitation to one of
these soirées and fitted so well socially and intellectually that
he developed a strong friendship with Henslow and his fam-
ily. He also became Henslow’s regular classroom assistant
and, when Darwin’s final examinations were over in January
1831, was adopted as Henslow’s personal tutee for the remain-
der of the academic year becoming “the man who walks with
Henslow” (F. Darwin 1892). Under Henslow’s instruction,
Darwin read Alexander von Humboldt’s remarkable narra-
tive of his expedition to South America (Humboldt 1814-29)
and John Herschel’s equally inspirational Discourse on natu-
ral philosophy (Herschel 1830); both books demonstrated in
practice and in theory, respectively, the importance of geology
as an exciting observation-based science.

Under this spell, Darwin planned a small-scale expe-
dition of his own to the Canary Islands (aping Humboldt).
However, while his skills in zoology, entomology, botany,
mineralogy, and chemistry were adequate to the task, his geo-
logical field skills were entirely theoretical (as he discovered
to his shame when attempting to make his own geological
map of the area around Shrewsbury [Herbert 2005]). So,
on Henslow’s bidding, Darwin became Adam Sedgwick’s
field assistant on a geological excursion to North Wales in
the summer of 1831. Their task was a comparatively sim-
ple one: to confirm the distribution and structure of rocks
that had been described in that area in George Greenough’s
(1820) geological map (Fig. 3.1). Sedgwick was skeptical of
the map, but proof would be necessary and fieldwork was
the only solution. It is probably a tribute to Sedgwick, as a
teacher, that Darwin converted theoretical knowledge into a
suite of practical skills in observation, collection, note taking,
identification, measurement of dip and strike, and mapping
so effectively during their excursion (Herbert 2005). Darwin
was an ideal assistant, fired, as he was, by the need to per-
fect these skills in preparation for his own expedition, and he
returned knowing that his own observations and notes had
contributed to scientific knowledge by correcting the author-
ity of Greenough (Secord 1991a).

THE BEAGLE EXPERIENCES

Darwin’s plan to visit the Canary Islands was overturned
upon his return from North Wales by the offer (facilitated by
Henslow) of a place aboard HMS Beagle as the ship’s natu-
ralist. Captain FitzRoy wanted a geologist for the voyage, and
the circumstances of Darwin’s training in Cambridge had pre-
pared him for the task. As an innately skilled observer, he was
prepared; as one who was conversant with many aspects of
applications of geological understanding to an interpretation
of landscapes, he was prepared; and as one who was famil-
iar with the ambit of the geological sciences, especially in
terms of their potential to inquire into major causal questions
as advocated so clearly by his grandfather, Hope, Herschel,
Humboldt, and Sedgwick, he was primed and ready. And in a
slightly more subtle way, Sedgwick had inculcated into Darwin
a mathematical (geometric) component to the exploration
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Ficurk 3.3. The Principles of Geology by Charles Lyell was the definitive
statement of what William Whewell called the “uniformitarian” position on
life’s history. As the subtitle stresses, all is explained by law, of an intensity
and type working today. From C. Lyell, Principles of Geology (London: John
Murray, 1830)

and understanding of the earth. In Wales he had learned that
rocks had been bent, cleaved, upended, folded, elevated, or
depressed in response to ancient forces and that such out-
comes, which gave landscapes their form, could be observed,
measured, and interpreted freely and thoughtfully.

Volcanoes and Their Effects

One of many extraordinary pieces of good timing that so influ-
enced Darwin’s career was the publication of the first volume
of Charles Lyell’s Principles of Geology (1830-33) (Figs. 3.2
and 3.3). Henslow recommended that Darwin take the book
with him on the voyage (but that he should read it with due
skepticism!), and FitzZRoy bought a copy as a personal gift for
“his” naturalist and future shipboard companion. Though
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now regarded universally as one of the most important geo-
logical books ever published, it aroused considerable sus-
picion and antipathy among leading geologists (Buckland,
Sedgwick, Greenough, Conybeare, and Murchison) when
it first appeared (Porter 1978). Aboard the Beagle, and away
from what might have been the insidious influence of others,
Darwin was able to read Lyell and explore his views dispas-
sionately. As described by Darwin, the effect was immediate:

The very first place which I examined, namely St. Jago
in the Cape Verde islands, showed me clearly the won-
derful superiority of Lyell’s manner of treating geology.
(Darwin 1958b, 77)

Careful measurement of the raised beaches around the volca-
nic island of St. Jago (Sdo Tiago) demonstrated very clearly
two facts: that elevation of the land, rather than depression
of sea level, had occurred (Herbert 1991); and that subsidence
had also occurred after the period of volcanically driven uplift
(Secord 1991a). This combination of observations spanned
the range of theoretical geological models that had been gener-
ated by Humboldt, von Buch, Scrope, and Lyell (Dean 1980).
The evidence suggested that, just as Humboldt and von Buch
(von Buch 1820) had argued, a volcanic cone was the product
of the pressure of molten lava bulging upward below the sur-
face, rather than, as Liyell and Scrope (Scrope 1825) supposed,
the spewing out and piling up of lava around a crack in the
surface of the earth; however, it also showed that once the lava
had been ejected the elevatory pressure had been relieved and
the volcanic cone began to subside.

At his very first landfall, Darwin made original observa-
tions and generated novel explanations. As Secord (1991a)
and Herbert (1991) have shown, this event made Darwin con-
sider himself a geologist and contemplate writing a book on
the subject. As a consequence his principal efforts of collect-
ing, note taking, and theorizing became geological throughout
the voyage (Rhodes 1991; Pearson and Nicholas 2007). Thus
galvanized, Darwin’s voyage of exploration presented him
with approximately three and a half years on the geologically
unstable continent of South America (while FitzRoy charted
its southern coastline). From landfall in Brazil, Darwin was
able to record raised beaches or terraces similar to those he
had seen in the Cape Verde islands and the terraces became
more prominently marked as he followed the coastline south.
With assistance from the ship’s crew Darwin compiled
detailed records of the height and extent of the terraces in
Patagonia (Herbert 1991).

This was a remarkably expansive project because Darwin
was assembling data that would support the idea that the
entire continent of South America had been progressively
elevated and tilted over a substantial period of time. He
attempted to date the periods of elevation of the terraces
using the marine fossil shells that he was able to collect,
and because some fossils on the lower terraces also retained
their original color, he supposed that they had been elevated
comparatively recently. Darwin’s general model of elevation

FiGure 3.4. The frontispiece of the first volume of Lyell’s Principles,
showing an Italian ruin. Note the weathering on the columns starts about
eight feet up, suggesting that the land had first sunk (and so the bases of
the columns were submerged) and then later risen again. This is confirma-
tion of Lyell’s “grand theory of climate,” suggesting that, rather like a water-
bed, as one area of the earth’s surface is subsiding, another part is rising.
Geographical distributions are vital evidence for the theory, and it was this
that stimulated Lyell’s follower Charles Darwin to take seriously the distribu-
tions of the animals on the Galapagos Archipelago. From C. Lyell, Principles
of Geology (London: John Murray, 1830)

of the land was that it had occurred relatively steadily with
occasional interruption (a Lyellian uniformitarian stance) in
the sense that the scarp faces of the terraces represent peri-
ods of stasis during which marine erosion cut the terraces
back. He was anxious to continue the measurement on the
west coast in order to establish whether the entire continent
had been elevated; this he did successfully during the first
half of 1835 (Fig. 3.4).

While reflecting on the extraordinary motion of South
America, Darwin became witness (20 February 1835) to ele-
vation at first hand. While ashore at Valdivia (Chile), he felt
the shock of the great earthquake that wrecked Concepcion
(Moorehead 1969). A few days later the Beagle entered the
harbor at Concepcion and, amid the devastation of the town
noted, with a guilty geological relish, that the vibrations cre-
ated by the earthquake had a direction (in accordance with
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the views of John Michell [1760]) manifested in the fact that
buildings with specific orientations were unaffected while oth-
ers were destroyed; and that the land and adjacent shoreline
had been elevated permanently by several feet. Not for nothing
was Darwin led to remark:

Daily it is forced home on the mind of the geologist that
nothing, not even the wind that blows, is so unstable as
the level of the crust of the earth. (1845, 321)

And this physical demonstration supported his conclusion
(Darwin 1838, 659) that “thousands of miles of both coasts of
South America have been upraised within the recent period
by a slow, long-continued, intermittent, movement.”

Darwin was also able to confirm that, coincident with
the earthquake, two large volcanoes on the Cordillera had
erupted violently (Darwin 1840a). On this basis, he concluded
that vulcanism and earthquakes were causally linked and asso-
ciated with elevation of the land. He became convinced that
all these movements were linked to the hot and fluid nature
of the earth’s interior that was “subject to some change, - its
cause completely unknown, - its action slow, intermittent, but
irresistible” (Darwin 1840a, 631).

Traverses that Darwin undertook across the Cordillera
while in Chile allowed him to map, in cross section the dis-
tribution of beds on either side of their central axis (Darwin
1846). On this basis he was able to confirm that the mountains
had been forced upward by the injection of igneous rock from
below; this allowed him to explain the greatly elevated posi-
tion of fossil-bearing marine rocks and even fossil forests that
he discovered on these excursions.

Galapagos: A Volcanic Province

Continuing the theme of vulcanism and general earth pro-
cesses, during the summer of 1835 Darwin visited the
Galapagos Islands. Knowing them to be of relatively recent
origin and almost entirely volcanic, Darwin was well prepared
to investigate these islands firsthand. As Herbert and her
coauthors (2009) show, Darwin spent the majority of her time
ashore on James Island and undertook a systematic study and
collection of its volcanic rocks. What emerged (Darwin 1844)
was a series of remarkable insights into igneous rock forma-
tion. He confirmed that volcanoes are capable of generating
different varieties (“species”) of igneous rock during phases
of eruptive activity, which were then crudely separated into
“trachytic” and “basaltic” components (Harker 1909; Herbert
et al. 2009; Gibson 2010). Darwin was also able to show from
direct observation that molten rock (lava) is a complex mix-
ture of chemicals and that, over a range of temperatures,
some components aggregate into crystals while the remainder
stays fluid and that such crystallized components may settle
within the fluid lava according to their density (Gibson 2009;
Herbert et al. 2009).

Darwin used this evidence to propose that the diversity of
igneous rock types and mineral aggregations on earth was not

time based (appearing one after the other as the earth aged)
but rather a product of dynamic processes operating within
volcanoes all the time (Gibson 2010); and that this diversity
was augmented during the cooling phase of fluid lava flows on
the flanks of volcanoes (and, by implication, during magmatic
intrusion within the earth’s crust). Alfred Harker (1909) fully
recognized Darwin’s important contributions in his very aptly

titled The Natural History of Igneous Rocks.

South American Fossils

The South American sojourn also allowed Darwin the free-
dom to explore its geology more intimately. The Patagonian
coast yielded a rich harvest of fossils. Some, such as those
of the giant ground sloth (Megatherium) he recognized, but
he was also able to collect a range of previously undescribed
material (Herbert and Norman 2009); among these, Darwin
was able to recognize fossil animals that mimicked the liv-
ing fauna typical of South America but were of much greater
size (Rachootin 1985). But along with these, two particular
discoveries that he made stood out dramatically. One was
represented by the highly distinctive teeth of a mastodon
(an entirely extinct elephant-like creature) that had come to
prominence through the researches of Thomas Jefferson and
Benjamin Franklin (K. S. Thomson 2008). This suggested
that mastodons had become extinct in South America in
the past. Even more surprisingly, he discovered the distinc-
tive teeth of a fossil horse, which showed that the horse had
been a native of South America, long before the arrival of the
conquistadors.

Many of these discoveries offered insights into the geolog-
ical past of South America and prompted pertinent questions
concerning extinctions, taxonomic identity, systematics, eco-
logical change, ancient environments, and their influence on
fossil preservation and successional changes in faunal compo-
sition over time; all became extremely pertinent to Darwin’s
later theoretical work on evolutionary change in the organic
world (Rachootin 1985).

Coral Islands

The structure and variety of coral islands attracted Darwin’s
attention during the post-Galapagos phase (1835-36) of the
voyage (Darwin 1842c) (Fig. 3.5). Their origin and a consis-
tent explanation of their diversity of form were matters of
controversy, with which Lyell was involved. Darwin’s obser-
vations and explanation provided a wonderfully simple reso-
lution. He recognized that the ocean floor on occasion threw
up an eruptive volcanic cone that breached the ocean sur-
face to form a new island. Once emerged, the island would
attract floating marine organisms, such as coral polyps that
would grow their calcitic skeletons in the shallows around
the margins of the islands. The coral polyps would grow
only in clear, warm waters that were sunlit (hence their trop-
ical distribution); sunlight was essential because the coral
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was back in England. Despite this, three geo-
logically based topics consumed his time in
the period up to the mid-1850s and heralded
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the onset of his much more broadly focused
species work.
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Earthworms and Landscapes

Darwin provided a remarkable insight into

F1GURrE 3.5. Darwin’s theory of coral reefs. Note that this depends on the earth gradually sub-
siding, as suggested by Lyell’s climate theory. From C. Darwin, The Structure and Distribution of

Coral Reefs (London: Smith, Elder, 1842)

organisms (polyps) coexisted with minute photosynthetic
algae (plantlike organisms) embedded in their bodies that
were able to generate vital sugars to sustain the life of each
polyp.

Once the newly emerged volcanic island had stabilized, it
would, according to Darwin’s observations in the Cape Verde
islands, begin to gradually subside. As it did so, the geometry
of the essentially conical island implied that the coral fringe
would not only sink but gradually migrate away from the land
surface, creating a potential fringing coral reef separated from
the land by a shallow lagoon. All that was required was that
the subsidence of the cone did not exceed the rate at which
the polyps could grow fresh coral skeletons before they sank
too deep for light to penetrate the sea water. If this process is
allowed to continue, the volcanic cone will eventually subside
beneath the ocean surface leaving the familiar ring-like coral
atoll structure with its central shallow lagoon (hiding the cra-
ter of the original volcanic cone).

In addition, from a “physical equilibrium” perspective,
this would have been very appealing to the larger view of
Darwin, having demonstrated that elevation of the land could
involve entire continents, such as South America: if the crust
of the earth was being raised over huge, continent-sized areas,
it should, by the application of simple logic, be undergoing
depression elsewhere — and where better than the oceanic
floor? Darwin knew perfectly well of the debate concerning
theloading of the seafloor adjacent to continental areas, caused
by the erosion of huge quantities of sediment; the symmetry of
this model created a global vision of the dynamic earth.

AFTER THE BEAGLE VOYAGE

With the exception of brief excursions to Scotland and North
Wales, Darwin’s geological fieldwork came to an end once he

the action of earthworms and their effect
upon geomorphology. The idea was first
introduced in a short paper on the forma-
tion of “vegetable mould” presented to the
Geological Society in 1837 (Darwin 1840b).
Darwin eventually produced a monograph
on the topic as his last major contribution
(Darwin 1881). The realization, prompted
by a conversation with his uncle Josiah
Wedgwood, that earthworms play a major
role in the recycling and restructuring of soil
and that this effect could be measured in less
than a decade by cutting simple soil profiles,
was remarkable. In an echo of the Charles Lyell’s uniformi-
tarianism, it became clear that small and comparatively insig-
nificant earthworms, given sufficient time (by implication the
millions of years available within the geological time scale),
were capable of playing a major role in shaping the landscape

of the earth (Gould 1982).

The Parallel Roads of Glen Roy

Encouraged by his success in building his own model to
explain the dynamics of the earth based upon his observa-
tions in South America (Darwin 1840a) and, in particular, the
prevalence of elevation of land, Darwin’s attention became
focused closer to home by a field trip to explore the parallel
roads of Glen Roy (Rudwick 1974; Herbert 2005) (Fig. 3.6).
These remarkable geomorphological features, the source of
renown and much discussion of their cause, comprise two par-
allel ridges (the “roads”) that mark sharply defined changes in
slope that follow the contours around the bases of the hills
that enclose the glen. Darwin’s general conclusion was that
the parallel roads represented another example of elevation
of the land, the roads representing ancient marine terraces or
strandlines that had been subsequently abandoned as the area
had been uplifted.

At the outset, Darwin’s interpretations seemed perfectly
plausible, driven as they were by his observations and expe-
rience elsewhere; however, within the year he was shown
to be entirely wrong by Agassiz’s new glacial action model
(Herbert 2005). Though chastened by the experience, this,
no doubt, taught Darwin an extremely timely lesson about
the need for extreme caution in drawing interpretations
from observational data. It is indeed likely that his later
work benefited considerably from this personal setback
(Rudwick 1974).
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FicURrE 3.6. Darwin thought that the parallel roads of Glen Roy were caused by the sea, which had since run out
given the rise of the land. Louis Agassiz showed that they were caused by a lake, trapped by ice. Note that Darwin’s false
hypothesis is, like the true hypothesis about coral reefs, a consequence of Lyell’s theory of climate. From C. R. Darwin,
Observations on the parallel roads of Glen Roy, and of other parts of Lochaber in Scotland, with an attempt to prove
that they are of marine origin, Philosophical Transactions of the Royal Society 129 (1839): 39-81

Barnacles

The late 1840s and early 1850s were also dominated by his work
on living and fossil barnacles. This culminated in four notable
monographic studies (Darwin 1852, 1854; 1851, 1855; see also
Darwin 1985-, 4: Appendix). These cross the intellectual divide
between the geological and biological worlds of science; they
established his competence as a paleontologist and the place
of fossils in the history of life on earth, while the work on living
forms underpinned his species work by giving him a fundamen-
tal grasp of the principles of taxonomy and systematics.

SUMMARY

Darwin’s innate ability to observe, consider, and suggest causal
mechanisms for natural phenomena was remarkable and is
widely appreciated within the biological natural sciences.
His contributions to the physical natural sciences have been
obscured by his Origin of Species. Frank Rhodes (1991) began
to redress this absence of balance by focusing on Darwin’s first
major geological paper (Darwin 1840a), which the president of
the Royal Society, Sir Archibald Geikie (1909, 29), described as

one of the most brilliant and suggestive essays which
th[e Geological| Society [of London] ever published....

It was the first attempt to treat this subject not as a mere
matter of idle speculation, but on a basis of personal
observation in the field.

Darwin’s broad conclusions can be applied to his geologically
based work as follows:

Continental Earth

1. Mountains form by the accumulation of small, intermit-
tent vertical movements.

2. Mountains and mountain chains were built by a gradual
pumping mechanism involving repeated intrusions of
molten rock, followed by periods of cooling.

3. Slow, gradual continental elevation was more probable
than occasional “catastrophic” global paroxysms.

4. A common subcrustal mechanism linked earthquakes,
volcanoes, mountains, and continental elevation.

5. The cross-sectional structure of mountain chains was
described, and Darwin noted that their axes were formed
by igneous intrusion; he even suggested, on the basis of
differential elevation of islands close to the coast near
Concepcion, that the axis of elevation of the Cordillera
was located a few tens of miles off the coast of Chile -
where we now know that the oceanic trench is located.

6. The region of the earth beneath the crust was fluid
and hot.
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7. He accurately characterized the principal physical effects
and motions created during earthquakes.

8. He also acknowledged that earthquakes can occur in areas
of subsidence and suggested that these needed to be stud-
ied in detail.

9. That the mechanisms that he had demonstrated had acted
on the entire South American continent, causing it to be
uplifted and tilted, implied that the entire globe consisted
of continents that floated upon a sea of molten rock that
were subject to the similar forces.

10. Geomorphology, and the landscapes that are so familiar
to us, are being constantly remodeled by the action of
earthworms.

Oceanic Earth

1. Depression and elevation of the ocean floor and oceanic
islands are seen as ongoing and dictated by loading of
the oceanic crust (owing to the formation of volcanoes
and sediment runoff from the continents) and the logi-
cal requirement for the earth to maintain a global equi-
librium of the crust (overall elevation must logically
balance subsidence). That is to say Charles Lyell was
correct.

2. Coral islands present an integrated demonstration of inor-
ganic (vulcanism, elevation, and subsidence) and organic
(the growth of coral polyps) proof of the continued vertical
displacement of the earth’s crust.

Mechanisms for generating petrological diversity
1. Volcanoes behave like chemical factories whose products
(igneous rock “species”) vary depending upon its relative
state and maturity.
2. Differential crystallization and density-dependent frac-
tionation within fluid lava flows also generate a diverse
array of rock (petrological) “species.”

The history of life

1. Distinct geographical regions of the earth tend to show
distinctive faunas, often with gigantic fossil ancestors of
the living fauna.

2. Extinctions may be global in the case of some species and
much more local for others.

3. The principles of taxonomy and systematics appear to
apply equally to fossil and living species, provided that
their skeletal remains are well preserved.

As Geikie rightly observed, the words “brilliant” and “sugges-
tive” characterize nearly all of these contributions. The major-
ity of these proposals contradicted (and a few reinforced on
the basis of new observations) what was considered to be a
consensus of the time. They demonstrate the arrival of a lead-
ing, insightful, and original geologist, during what has often
been referred to as the “Heroic Age of Geology” (Porter 1977).
As pointed out by Rhodes (1991), Darwin knew intuitively
that the geology of the earth would turn out to be simple, and
he would have reveled in the underlying simplicity of plate

tectonics when it emerged a little over a century after Darwin’s
truly insightful work.

But it 1s also clear that alongside the purely geological
aspects of Darwin’s discoveries and interpretations, which
he was attempting to develop into a personal “Theory of the
Earth” (Rhodes 1991), it is possible to draw out some remark-
ably cross-disciplinary insights as well.

The integration of the physical world and biologi-
cal processes that underpins his work on coral islands
is one obvious example. But also, in the manner of his
approach to the petrology and mineralogy of the earth,
his approach (and perhaps his underlying philosophy)
was redolent of that which he would deploy much later as
he developed his theory of evolution by means of natural
selection. P. N. Pearson (1996) drew together some of the
intellectual threads with respect to Darwin’s approach
to the origin and creation of diversity in igneous rocks.
Darwin’s general thesis was that molten rock is of a gen-
erally uniform consistency, yet comprises a multitude
of chemical ingredients in a form of molten rock “soup.”
The processes that occur inside the volcano (the equiva-
lent of a chemical retort) and within the lava, as it cascades
from the volcanic edifice and cools, generate petrological
diversity.

Taking, for example, the lava “soup,” the crystallization
and removal of one mineral “species” from the body of molten
rock changes the overall composition of the remaining melt.
Subtraction, removal, or “extinction” is one of the essences
of Darwin’s theory of natural selection: a disadvantageous
trait among members of a species may be removed or sub-
tracted from a breeding population because such individuals
are “unfit.” Evolutionary change is thus directed away from
the genetic composition of the “unfit” organism: it has been
selected against. In a pure metaphorical sense, the direction of
magmatic differentiation is away from (against) the composi-
tion of the crystallizing mineral: those particular “individuals”
having been removed from the “parental” population of min-
erals left in the melt.

Diversity generation in igneous rocks follows from the
existence of semi-molten rocks, chemical and density differ-
ences between minerals, and the influence of gravity; these
factors constitute a natural “algorithm” (Dennett 1995).
Crystal segregation does not however amount to “evolution”
in an accepted biological sense - it is the variation intro-
duced during reproduction, as well as the hereditary prin-
ciple, that creates the variation between organic being from
which traits may be selected in the living world. Nevertheless,
density-dependent segregation of crystals in melts serves to
sift, sort, and impart some degree of order to inorganic sys-
tems and represents a limited (that is to say nvariant) form
of selection.

Is it possible that Darwin’s mechanism for generating
diversity in the inorganic world - the “petrological kingdom” -
represents an intellectual staging post for his mechanism for
generating diversity in the biological kingdom? Perhaps this
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1s taking things too far; he had already started developing his
theory of natural selection in 1837. However, if a little cre-
dence is given to this suggestion of an element of continuity of
philosophy (exploring nature’s ability to generate variety by
deducible mechanisms), it might demonstrate - at least to my
way of thinking - how transparent to Darwin were the walls
that tend today to separate the biological and physical natural
sciences. And that he was indeed such a “clever, clever man”

(Gould 1983).
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Looking Back with “Great
Satisfaction” on Charles Darwin’s

Vertebrate Paleontology

Paul D. Brinkman

HARLES DARWIN, WITH the cooperation of shipmates and a local network

of landowners, merchants, and guides, made an important collection of fos-

sil vertebrates from South America during the second expedition of HMS
Beagle, from 1831 to 1836. Many of the particulars of Darwin’s fossil collecting have
been confused or omitted in previous accounts of his voyage. The present account,
drawing on several previously underutilized resources, adds interesting details to the
story and corrects a few misconceptions. It also explores the nationalistic aspects of
Darwin’s science - the network of expatriated Englishmen who helped him and their
loyalist motives. Finally, it examines the study and description of Darwin’s fossils by
Richard Owen (Fig. 4.1). A review of Owen’s results shows that, despite claims to the
contrary, Darwin’s field identifications were remarkably good.

Darwin’s shipmates were not uniformly friendly to paleontology. His collection
of vertebrate fossils attracted heaps of abuse, some good-natured, some hostile. He
endured “sundry sneers about Seal & Whale bones” from the crew. Worse, First
Lieutenant John C. Wickham, who was “always growling about [Darwin] bringing
more dirt on board than any ten men,” referred to his deck cluttering specimens as
“damned beastly devilment” (Barlow 1945, 103). And FitzRoy (1839, 107) called them
“cargoes of apparent rubbish.” Even Darwin himself was plagued by doubts about
the usefulness of his fossils. He confessed to his Cambridge mentor John Stevens
Henslow that he was “not feeling quite sure of the value of such bones as I before
sent you” (Barlow 1967, 81). In time, however, the fossil vertebrates would prove to
be the most personally satisfying, as well as one of the most scientifically significant,
collections Darwin made during the voyage.

THE GALLOPING NATURALISTA

Darwin found vertebrate fossils in South America for the first time at Punta Alta,
a modest outcrop on the coast southwest of Buenos Aires (Fig. Introduction. 13).
On a bright and calm 22 September 1832, Darwin rowed ashore with FitzRoy and
Lieutenant Bartholomew J. Sulivan. A Spanish major at Bahia Blanca, a nearby fort,
was skeptical about the peaceful intentions of the British survey ship, and especially
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suspicious of Darwin, who had been introduced as a natu-
ralista, or “a man that knows every thing” (FitzRoy 1839, 104).
The major sent a nervous troop of gaucho soldiers who stood
watch while the party landed to examine some conspicuous
rocks. Darwin described a bed of fossiliferous gravel and a
fifteen-foot-thick layer of “red earthy clay containing ... small
pebbles & ... shells,” adopting the local term fosca for this
layer (see Darwin’s geology notes, CUL). He also found a few
fossils exposed in the bedrock and broken fragments on the
beach. The Beagle remained in the area for several weeks, so
Darwin returned to collect as often as possible. The ship’s
fiddler and odd-job man Syms Covington probably worked
at times as Darwin’s assistant. FitzRoy (1839, 107) wrote that
Darwin and Covington, who was later released from duty to
become Darwin’s personal servant, “used their pick-axes in
earnest” to acquire the bones. Darwin was overjoyed to find a
skull, which he tentatively attributed to a rhinoceros — he wres-
tled for three hours to extract it from bedrock, then dragged
it aboard the Beagle after nightfall. He also collected a disas-
sociated mandible, bearing a lone tooth, and fragments of a
bony shell (Darwin 1988). It was probably here that Darwin
despaired at having “had to break off the projecting end of a
huge, partly excavated, bone, when the boat waiting for him
would wait no longer” — a memory that Darwin recalled with
much regret in later years (Judd 1911, 9).

Punta Alta was the most productive fossil vertebrate local-
ity Darwin ever found (Fig. 4.2). He spent all or part of at
least five days collecting fossils at Punta Alta, 22-23 and 25
September and 7 and 16 October 1832, and returned the fol-
lowing August. Darwin’s own account makes no mention of
Covington’s participation in 1832. He does credit Covington
and another assistant for helping make collections there in
August 1833, however. FitzRoy may have confused the two
visits in his narrative, something that Darwin was also prone
to do in his publications. Covington’s journal (http://www.
asap.unimelb.edu.au/bsparcs/covingto/chap_g.htm), chap-
ter 3, contains the following entry: “AT Bahia Blanca, near
Johnsons Point [Punta Alta], WE ALSO found the remains
of bones of Megatherium.” Whether Covington participated
personally in the excavation is not clear from the context, but
it seems likely that he did.

Weeks later, on 2 October, FitzZRoy ordered a shore
party to build a cairn atop the sea cliffs at Monte Hermoso
twenty miles east of Punta Alta. Fierce weather and break-
ing waves drove the Beagle off, stranding the men with scant
provisions. Darwin and seventeen others spent two “suffi-
ciently miserable” nights under a shelter improvised from
the sails of their whaleboat, shivering against the wind and
rain. When food ran low, the party scavenged a dead hawk
and a fish found floating in the tide. On the evening of the
second day, FitzRoy sent a boat in close enough to toss a
cask with provisions into the surf. Some sailors swam out
to retrieve it. Darwin and the shore party suffered through
a cold, sleepless, second night, and were finally rescued the
following day (Darwin 1988). Meanwhile, a member of the
shore party found “many curious fossils” in the cliffs. On

F1GURE 4.1. Richard Owen (1804-92) was by far the most important British
biologist (anatomist and paleontologist) of the first half of the nineteenth
century. This is a portrait from about 1850 when he was at the height of his
powers and before he had started his controversies with the Darwinians.
Permission: Wellcome

his friend’s sacrifices for science, FitzRoy (1839, 112) wrote:
“Mr. Darwin was also on shore, having been searching for
fossils, and he found this trial of hunger quite long enough
to satisfy even his love of adventure.” The Beagle made sail
for Buenos Aires to resupply on 19 October, but FitzRoy
landed for half an hour at Monte Hermoso to make some
final observations. Darwin accompanied the captain to
“Starvation Point” - as he called it - and had the good for-
tune to collect “some well preserved fossil[s] of two or three
sorts of Gnawing animals [rodents]. - One of them must
have much resembled the Agouti but it is smaller.” He also
noted the geology (Darwin 1988, 110-11).

Darwin was excited about his fossils. In a letter to his
sister Caroline Darwin dated 24 October-24 November
[1832], he reported that he had been very fortunate in find-
ing numerous specimens, boasting, “I am almost sure that
many of them are quite new; this is always pleasant, but with
the antidiluvian animals it is doubly so.” He also reported
finding “the curious osseous coat, which is attributed to the
Megatherium; as the only specimens in Europe are at Madrid
... this alone is enough to repay some wearisome minutes”
(Darwin 1985-, 1:276). Megatherium, a giant ground sloth
described by Georges Cuvier from a skeleton collected near
Buenos Aires and mounted in Madrid, was all the rage in
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F1GURE 4.2. Darwin drew this rough cross section of Punta Alta, the first and most productive fossil vertebrate locality
he found during the Beagle voyage. Permission: Cambridge University Library

England. Cuvier had mistakenly attributed some osseous
plates to Megatherium. When Darwin found similar fossils,
he suspected the error. Darwin read an English newspaper
concerning additional fossils collected near Buenos Aires and
exhibited at the Geological Society of London by Woodbine
Parish, a repatriated diplomat. Was Darwin disappointed at
being scooped? If so, he made no record of these feelings.
Instead, the news that such importance had been accorded
to the Parish collection inspired Darwin with the hope that
his own fossils might be similarly received. Darwin expected
that the fossils would provide him with an entrée into the elite
circle of British science.

In November, Darwin wrote to Henslow, fishing for
approval and guidance, and summarizing his discoveries at
Punta Alta and Monte Hermoso:

I have been very lucky with fossil bones; I have frag-
- 1st. the Tarsi
& Metatarsi very perfect of a Cavia: 2nd the upper jaw

ments of at least 6 distinct animals....

& head of some very large animal, with 4 square hol-
low molars. - & the head greatly produced in front. - I
at first thought it belonged either to the Megalonyx or
Megatherium. - In confirmation, of this, in the same for-
mation I found a large surface of the osseous polygonal
plates, which “late observations” (what are they?) show
belong to the Megatherium. - Immediately I saw them
I thought they must belong to an enormous Armadillo,
living species of which genus are so abundant here: 3d
the lower jaw of some large animal, which from the molar
teeth, I should think belonged to the Edentata: 4th. some
large molar teeth, which in some respects would seem to
belong to an enormous Rodentia; 5th, also some smaller
teeth belonging to the same order: &c &c. - Ifit interests
you sufficiently to unpack them, I shall be very curious

to hear something about them[.] (Darwin 1985-, 1:280,
letter to Henslow, 24 November 1832)

In his geology notes, Darwin elaborated on the osseous
plates:

At Punta Alta the only organic remain I found in the
Tosca ... was a most singular one: it consisted in an
extent of about 3 feet by 2 covered with thick osseous
polygonal plates ... it resembles the case of Armadillo on
a grand scale[.] (Darwin’s geology notes, CUL DAR; see

also Herbert 2005)

But with no word yet from Henslow on the status of his fossils,
some of which had already been shipped home, Darwin was
digging blindly. Even so, he tenaciously followed up every fos-
sil lead he learned about from helpful locals. In his next letter
to Henslow, for example, Darwin related that he had found
and interviewed Parish’s agent, a North American named Mr.
Oakley. The interview convinced him that the Parish speci-
men came from the same formation as his own specimens
from Punta Alta (Darwin 1985-,1:308, letter, 11 April 1833). In
August 1833, Henslow at last responded to Darwin’s request
for information on the Parish fossils: “The fossil portions of
Megatherium turned out to be extremely interesting as serv-
ing to illustrate certain parts of the animal which the speci-
mens formerly received in this country & in France had failed
to do.” Henslow reported that William Clift, the Hunterian
Museum conservator who had restored the Parish specimens,
was interested in cleaning, drafting, and describing Darwin’s
fossils with the object of finding out “how far they serve to
illustrate ... the Great Beast.” Henslow entreated Darwin to
“Send home every scrap of Megatherium skull you can set
your eyes upon. - & all fossils” (Darwin 1985, 1:327-28, let-
ter, 31 August 1833). By March 1834, Darwin finally received
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Henslow’s August letter, which featured precisely the praise
and encouragement Darwin needed to reinvigorate his investi-
gations. “I was delighted at receiving your letter .. .” he replied.
“Nothing for a long time has given me so much pleasure....
I am quite astonished that such miserable fragments of the
Megatherium should have been worth all the trouble....Itis a
most flattering encouragement to find Men, like M" Clift, who
will take such interest, in what I send home” (Darwin 1985-,
1:368-69, letter, March 1834).

In the last days of August 1833, Darwin made a long, over-
land trip from Patagones to Buenos Aires, stopping in Bahia
Blanca to rendezvous with the Beagle. After a few idle days
waiting, he hired a guide and set out for Punta Alta to watch
for the ship. Arriving late in the afternoon of the 22nd, he spent
a pleasant evening hunting and marking fossils. Rain set in,
so the pair returned to the fort empty handed (Darwin 1988).
In his pocket notebook entry for this date, Darwin reasoned
that the fossils from Punta Alta and Monte Hermoso must be
older than “present shells.” How much older he was reluctant
to speculate. (See Darwin’s Falkland field notebook, p. 138a,
CUL.) Once the ship arrived, Darwin joined Sulivan on the
29th. Sulivan’s shore party encamped near Punta Alta was far
better prepared than the one that suffered at Monte Hermoso.
The travelers’ four-gallon boiler provided five and a half pints
of tea per man per day. They ate salt pork, fresh beef, venison,
and biscuit and drank a quarter pint of rum each day. The
following morning, Darwin waited for low tide to search the
beach for fossils, delaying the entire group. Several important
discoveries resulted, including one magnificent specimen, tol-
erably complete, entombed in bedrock just at the low water
mark. Sulivan provided a man to help Covington collect it,
while Darwin and the others left for Bahia Blanca. Covington
labored for several days with the fossils, while Darwin was
content to “superintend.” Punta Alta “is a quiet retired spot &
the weather beautiful,” Darwin (1988, 178) wrote, noting that
“the very quietness is almost sublime.” Sulivan (1896) remem-
bered that the shore party spent one night huddled together
on the yawl, moored in the soft mud just offshore. The men
laughed and swapped sea stories under an awning filled with
tobacco smoke while thunder and lightning roared around
them. It was one of the happiest evenings of his life. Darwin
“passed the night pleasantly.” (See Darwin’s B Blanca field
notebook, CUL. Covington spent 29 September to 3 October
working at Punta Alta [Darwin 1988].)

Back in Buenos Aires, Darwin made preparations for
another overland trip in search of fossils. He had his dentures
mended and stocked collecting equipment and provisions,
including snuff and cigars. He set out on the afternoon of
27 September 1833, heading north toward Santa Fe. He
spent the night near the town of Lujan. The famous Madrid
Megatherium had been found along the banks of the Rio Lujan,
which Darwin crossed the following morning (Darwin 1988).
(Darwin was apparently unaware of the river’s paleontologi-
cal significance. Lujan was also the home of Francisco Javier
Muniz, Argentina’s first naturalist, and first fossil vertebrate
collector. See also Darwin’s St. Fe field notebook, CUL.)

Traveling by moonlight and arriving at dawn on 1
October, Darwin spent the day scouring the bluffs of the Rio
Carcarvana for fossils, netting only one “curious & large cut-
ting tooth.” On the Rio Parana, Darwin hired a canoe to pur-
sue some “immense” Mastodon bones jutting from the bank.
Unfortunately, these were so fragile that he was only able to
collect some teeth fragments. Finally, Darwin exhumed a fos-
sil horse’s tooth “well buried” in the “Tosca.” Darwin took ill
with a fever during his travels and returned to Buenos Aires to
rendezvous with the Beagle in late October (Darwin 1988, 193;
Barlow 1945, 210). (See also Darwin’s St. Fe field notebook,
CUL; and Darwin’s geology notes, CULL.)

Finding that city in revolutionary turmoil, Darwin
retreated to Montevideo, where he learned that the Beagle
would not be sailing for another month. The delay afforded
him the opportunity to make another “gallop” north to the
Rio Negro in late November. There he collected a few bro-
ken fragments of “megatherium,” and purchased a large skull
from a local estancia owner, complaining: “When found the
head was quite perfect; but [gauchos] knocked the teeth out
with stones, and then set up the head as a mark to throw at”
(Darwin 1839a, 181).

From Montevideo, Darwin sailed south along the
Patagonian coast. After a lengthy passage, he spent Christmas
at Puerto Deseado but found no fossils. The Beagle reached
Puerto San Julian early in 1834. There, in a relatively young
deposit of earthy matter on a terrace above the cliff, Darwin
reported collecting “some very perfect bones of some large ani-
mal, I fancy a Mastodon. -the bones of one hind extremity are
very perfect & solid” (Darwin 1985-, 1:369, letter to Henslow,
March 1834). Shortly thereafter the Beagle departed Patagonia,
and Darwin never collected another fossil mammal, although
he did play an important role in promoting further paleonto-
logical exploration in South America (see Brinkman 2003).

THE IMPORTANCE OF BEING ENGLISH

An invaluable aid to Darwin’s researches was the network of
expatriated Englishmen then living in South America. As a
gentleman and a guest of the Royal Navy, Darwin had priv-
ileged access to the cream of British society in what is now
Argentina, including the charge d’affaires. This, in turn, led
to contacts with English merchants and landholders and
their local network of associates. It also garnered Darwin an
invaluable passport as a naturalista from none other than
General Juan Manuel de Rosas, future dictator of Argentina.
Darwin used these privileges to his advantage. For exam-
ple, Charles Hughes, a childhood acquaintance residing in
Buenos Aires, provided information for the overland trip
from Montevideo. “Nothing could be more obliging than he
was,” Darwin wrote in a letter to Caroline, “he obtained a
great deal of information for me & has undertaken several
troublesome commissions, which otherwise I never could
have managed.... I think I have infected him with a slight
geological Mania, which I hope he will encourage” (Darwin
1985-, 1:277, letter, 24 November 1832).
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F1GURE 4.3. “I'walked on to Punta Alta to look after fossils; & to my great
joy I found the head of some large animal, imbedded in a soft rock.... It
took me nearly 3 hours to get it out: As far as [ am able to judge, it is allied
to the Rhinoceros.... I did not get it on board till some hours after it was
dark” (from Darwin’s diary, 23 September 1832). Scelidotherium was one of
the largest and most complete fossil mammals Darwin collected in South
America. From Richard Owen, Fossil Mammalia, Part 1, in The Zoology of
the Voyage of H.M.S. Beagle, edited and superintended by Charles Darwin
(London: Henry Colburn 1840)

Darwin’s most important contact was Edward Lumb, a
prosperous English merchant, who graciously placed him-
self and his property at Darwin’s disposal. Lumb and his wife
hosted the vagabond naturalist at their estancia on the Pampas
near Ensenado and at their Buenos Aires home. Darwin’s fossil
collecting trip near Santa Fe was outfitted from Lumb’s home.
There he made the acquaintance of an unnamed Spanish gen-
tleman living near the Rio Tercero, a friend of Lumb’s, who
promised to collect fossils and forward them to Buenos Aires.
When Darwin went to Montevideo and arranged a second
overland trip bound for the Rio Negro, Lumb provided him
with a letter of introduction to Mr. Keen, an English estancia
owner living nearby. Keen accompanied Darwin to the place
where the bull’s-eye skull was acquired and arranged to ship
it to Buenos Aires. Another English landowner, Mr. Hooker,
promised to procure fossils from his property and forward
them to Lumb also. When Darwin finally learned from
Henslow that his fossils had been well received in England,
his anxiety about the specimens in Lumb’s care became acute.
Darwin wrote and implored him to take the greatest possible

care (Winslow 1975). Henslow’s encouragement had prod-
ded Darwin and his local Anglo-Argentine network to greater
efforts on behalf of paleontology.

Traveling naturalists from Europe had a very nationalistic
idea of science. Darwin, for instance, was consciously working
to serve British science, even to the extent of expressing regret
that rival naturalist Alcide d’Orbigny might have skimmed the
cream of South America for the benefit of French science (see,
e.g., Darwin’s letter to Henslow dated [ca. 26 October -]24
November [1832] in Darwin 1985-, 1:280). Parish (1839, xvii),
the retired diplomat, was also motivated by nationalism: “I
regret that I lost ... the opportunity of making what too late
I learnt would have been very acceptable additions to our
zoological collections; but I never imagined that our public
museums were so entirely destitute.... The collections of
some of the museums on the Continent are, I believe, much
more complete; especially those of Paris.” Lumb expressed
his nationalistic view of science in a letter to Darwin dated
13 November 1833: “I do not consider I have done more than
what any Englishman should do for the promotion of any
scientific end which may tend to the aggrandisement of his
Country (Darwin 1985-, 1:355).” And in a letter to Henslow
dated 2 May 1834 Lumb wrote: “Permit me this opportunity
of offering my Services to you & to assure you that I shall feel
highly gratified if by any Information, or Specimens I can
obtain in this Country I can contribute to the advancement of
Science in my native land” (Darwin 1985-, 1:386).

All of Darwin’s fossils were destined for England, where
the infrastructure for science was comparatively well devel-
oped. There was never any intention to leave anything behind
in the Museo Publico de Buenos Aires - the first institution
of its kind in South America. Darwin (1988, 114) was not at
all impressed by his visit to this “very poor” museum, a strug-
gling assortment of relics housed on the second floor of the
convent of Santo Domingo. (He was likewise disparaging of
the “Kings collection at Madrid where for all purposes of sci-
ence [Megatherium bones] are nearly as much hidden as if in
their primeval rock” [Darwin 1988, 109]). Apparently, there
were no fossils in the collection at the time of his visit. Nor was
there another facility for paleontology elsewhere in Buenos
Aires. In fact, there was virtually no local interest in fossil
vertebrates at this time. Darwin suspected and Henslow con-
firmed that his fossils would be important for science. Had he
left them in South America, they would have served no imme-
diate purpose. The idea that a nation should control its own
natural resources, as a kind of national scientific patrimony,
was uncommon in Darwin’s day.

MUSEUM MATTERS

In an August 1834 letter to Caroline, Darwin made a policy
statement regarding the disposition of his specimens, writ-
ing that “the ultimate destination of all my collections will
of course be to wherever they may be of most service to
Natural History” (Darwin 1985-, 1:404). Loyalty to British

science and self-interest were two additional considerations
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FI1GURE 4.4. Reconstructed Scelidotherium. The animal was a giant sloth.

he weighed when choosing a repository. Darwin was ill-suited
for describing his fossils, so these needed to be relegated
to a specialist. On Henslow’s recommendation, they were
placed in the temporary custody of Clift at the Hunterian
Museum. Clift had worked on Parish’s “megatherium” and
was the best-qualified person in England to prepare Darwin’s
specimens. And he was eager for the opportunity: Caroline
wrote that “you never saw a little man so delighted” (Darwin
1985-, 1:373, letter, 9-28 March 1834). Darwin was pleased
and flattered that his fossils were attracting attention, but
he was reluctant to commit his specimens permanently to
the Hunterian. He was initially inclined to favor the British
Museum because of the many favors he had received from His
Majesty’s Service. But Darwin’s generous feelings toward that
Institution gave way to certain misgivings about the state of its
management. Henslow encouraged his protégé to dole out his
collections to any interested and qualified naturalists, which
Darwin resolved to do.

As many of the fossils were completely new forms, Clift
was unfortunately not quite up to snuff. The best compara-
tive anatomy collection in the world, at that time, was at the
Museum d’Histoire Naturelle in Paris - Darwin could have
sent his fossils there. But grateful nationalism compelled him
to remain loyal to Britain. In the end, Darwin decided to donate
all the fossils to the Hunterian, with the stipulation that they
provide a set of casts for himself and for the British Museum,
the Geological Society, Cambridge, and Oxford. “I ought

to make up my mind to give my own set [of casts] to Paris,”

Darwin confided in a 19 December 1836
letter to Richard Owen, “but I confess I
should be grieved to lose my trophies.
I should feel like a knight who had lost
his armorial bearings” (Darwin 1985-,
1:527).

Darwin’s fossils were then studied
and described by Clift’s son-in-law,
Richard Owen (see Figs. 4.3 and 4.4).
An ambitious comparative anatomist
and a future dean of British science,
Owen had visited Cuvier at his museum
in Paris and was eager to establish the
Hunterian along similar, scientific lines.
He suspected that writing a good, sci-
entific description of Darwin’s fossils
based on Cuvier’s techniques would
enhance his reputation. He was right -
the work consolidated his reputation
as the “British Cuvier” (Rupke 1994).
Darwin pitched in by providing a geo-
logical introduction for Owen’s publi-
cation. He also presented a paper on the
subject to the Geological Society in May
1837 (Darwin 1838).

Darwin collected fossils primarily
for their value as geological specimens:
“All the interest which I individually
feel about these fossils is their connection with the Geology of
the Pampas” (Darwin 1985-, 1:404, letter to Caroline D., 9-12
August 1834). He knew that most of the fossil vertebrates he
collected were about the same age. On the basis of the simi-
larities between the living mollusks along the Atlantic coast
of South America and the fossil mollusks buried in a bed just
below the extinct fossil vertebrates he collected, Darwin rea-
soned that the coast had been uplifted in relatively recent geo-
logical time.

Some historians have unjustly emphasized Darwin’s so-
called mistakes and misidentifications with his vertebrate
fossils (e.g., Sulloway 1982b; Desmond and Moore 1991;
Herbert 2005). But with fragmentary fossils still encased in
matrix, a limited reference library, and virtually no compar-
ative materials, Darwin’s working conditions on the voyage
were far from ideal, and field identifications are tentative even
under the best of circumstances. Nearly everything Darwin
collected was new to science, a fact that he recognized in the
field. One cannot fault him for failing to identify taxa that had
never been described and named. By 1840, only two extinct
fossil genera known to occur in South America, Megatherium
and Mastodon, had appeared in the scientific literature (Owen
1840) (fig. 4.5). Consequently, Darwin referred many of his
fossils to these two taxa. Darwin acknowledged his limits
as a vertebrate zoologist and his “ignorance of comparative
Anatomy” (Darwin 1985-1:368, letter to Henslow, March
1834). He treated his identifications as tentative and routinely
expressed doubts about them in notes and letters. He was
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F1cure 4.5. This reconstruction of Megatherium appeared in a book in the Beagle library.
Megatherium was one of only two fossil vertebrates known to occur in South America before
Darwin’s voyage. From Edward Pidgeon, The Fossil Remains of the Animal Kingdom (London:

Whittaker, Treacher, & Co., 1830), 132

often reduced to guesswork. Yet his record of fossil identifica-
tions is remarkably good.

Owen’s Fossil Mammalia described ten large quadru-
peds and two rodents, most of which were new to science.
For example, Darwin’s collection included two unusual new
genera: a complete skull of Toxodon; and some postcranial
bones of Macrauchenia. In the field, he mistook them for
Megatherium and Mastodon. But the former specimen had
only a few broken and badly worn teeth on its lower jaw, and
the latter had no skull material at all. Worse, these were the first
specimens ever collected of two orders of mammals unique to
South America (later called Notoungulata and Litopterna).
Darwin’s mistakes with these specimens are perfectly under-
standable when one considers the extenuating circumstances.
He identified his other fossils more or less correctly. He
referred a number of specimens to Megatherium, Megalonyx,
or to an unspecified “edentate,” including: a skull fragment of
Glossotherium; a jaw and teeth of Mylodon; a reasonably com-
plete skeleton of Scelidotherium; a jaw of Megalonyx; and a
skull of Megatherium. These five genera are all giant ground
sloths of the order Edentata (Xenarthra). The first three were
new to science, the fourth was very poorly known, and only the
last was relatively well known. Darwin could not distinguish
these genera in the field, but he recognized their similarities.
He also collected some dermal armor and two small bones,
which Owen identified as “Large Edentata” (referred to as
Hoplophorus in a figure). Darwin often followed European
scientific opinion by referring these remains to Megatherium,
but he did recognize the resemblance of the dermal armor to
armadillos, and he often privately referred to them as such.
He also correctly identified the molar of an extinct horse, and
the teeth and skeletal elements of a Mastodon. Other fossils
recovered at Monte Hermoso included a jaw and hind foot of

an extinct member of Ctenomys, an extant
rodent endemic to South America, and
a molar and some bone fragments of an
unnamed animal resembling the capybara,
another large extant rodent. Darwin iden-
tified these remains as agoutis and unspec-
ified rodents (Owen 1840; Brinkman
2010).

Meanwhile, had begun
secretly working on the subject of trans-
mutation, and the fossil vertebrates of

Darwin

South America provided a key line of
evidence: “In July opened first note book
on “Transmutation of Species’” - had
been greatly struck ... on character of S.
American fossils” (Darwin’s journal, 1837,
CUL). During the voyage, Darwin tried
to identify his fossils by comparing them
to descriptions and figures of vertebrate
fossils in the Beagle literature and - more
importantly - to certain representatives
of the living, endemic fauna of South
America. In several cases he recognized a similarity, includ-
ing fossil “Gnawing animals” with agoutis, and “osseous
polygonal plates” with armadillos. It was this curious pat-
tern of resemblance between fossil and living fauna of South
America that first inspired Darwin’s contemplation of the
origin of species.

CONCLUSION

With their privileged access to its fossil resources, British
naturalists were ideally positioned to establish the basic
body of knowledge of vertebrate paleontology in South
America. Darwin’s specimens added six genera to the fossil
fauna of South America, including five entirely new forms,
Scelidotherium, Glossotherium, Mylodon, Macrauchenia, and
Toxodon,and one dubious North American genus, Megalonyx.
His researches established the preliminary stratigraphic rela-
tions for these forms. Darwin and other British naturalists
established the research agenda that would form the basis
for future work in South American paleontology. Darwin’s
theory of evolution by natural selection would inspire future
fossil explorers in Argentina to search for transitional forms
linking the continent’s unique taxa to a global phylogeny of
mammals.

Darwin recognized the resemblance between some of
the fossils he collected and the extant rodents and armadil-
los of South America during the voyage. He later dubbed this
phenomenon the “law of the succession of types” (Darwin
18309a, 210), and claimed that it was one line of evidence that
led him to contemplate the origin of species (Darwin 1859).
I have argued elsewhere that Darwin became a convinced
transmutationist before the end of the voyage largely because
of his shipboard contemplation of fossil vertebrate succession
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(Brinkman 2010). But whenever his “conversion” happened,
the fossil evidence played a crucial role in convincing Darwin
personally of the fact of transmutation.

Darwin once wrote with exaggerated modesty that
“I, at one time, began to think that the fossil bones would be

as troublesome to me, and as of little service, as some other
branches of my collection are likely to be. - But now I look
back to the trouble I took in procuring them with great satis-
faction” (Darwin 1985-, 1:527, letter to Owen, 19 December
1836).
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The Origins of the

Origin: Darwin’s First Thoughts
about the Tree of Life and Natural
Selection, 1837-1839

Jonathan Hodge

ARWIN’S ORIGIN OF SPECIES (1859) argues for two big ideas, both met-

aphorically expressed: the tree of life and natural selection. New species

descend from earlier, ancestral species; and these lines of descent with
divergent modifications branch and rebranch, like the branches on a tree. So, if every
line traces to one first species, all life forms one tree. Natural selection has been the
main cause of these changes. By selective breeding, humans make, in a domesticated
species, varieties fitted for different ends: heavy horses for plowing, fast ones for rac-
ing. In the wild, over eons, natural selective breeding due to the struggle for existence
works unlimited changes in branching lines of adaptive, divergent descents, from fish
ancestors fitted for swimming to bird descendants fitted for flying and mammals for
running.

Darwin first had these ideas more than twenty years before publishing them in the
Origin. In October 1836, the Beagle voyage ended. In July 1837, he opened his private
Notebook B with a comprehensive account of the course and causes of life’s changes,
including a first version of his tree of life. He has the idea of natural selection late in
1838, in Notebook E. The ideas may look like instant insights; but the story is not so
simple. Any short telling of the origins of the Origin commits misleading omissions
and condensations. However, even this very short one can counter two contrasting
demands: from rationalists hoping for an edifying tale of universal methodological
principles consistently yielding successful solutions to certain given problems spec-
ifiable in advance; and from romantics yearning for an epic saga of individual genius
bringing imagination and intuition to transcendent reconfigurations of experience,
man, nature, and so the whole world. (For documentation of what is said here about
Darwin’s early theorizing, and for references to the secondary literature, see M. J. S.
Hodge 2009b; for the texts of the notebooks, see Barrett et al. 1987. Becquemont
2009 1s an important recent study.)

A THEORIST COMES OF AGE

To start seeing why the story cannot satisty those demands, consider Darwin’s earli-
est ambitious theorizing about the earth and life in the middle years, 1834 and 1835,
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of the voyage. As a maturing theorist, his main debts were
to two mentors: Robert Grant, his informal instructor in
invertebrate zoology at Edinburgh, and Charles Lyell, author
of Principles of Geology in three volumes (1830-33). Grant
and Lyell, both Scottish not English, were respectively a
doctor and a lawyer, not clerics or indeed Christians; and
both sided with French opponents of Georges Cuvier, the
Protestant Parisian savant most admired by the Anglican
churchmen teaching geology and natural history at Oxford
and Cambridge. Grant had given Darwin a preoccupation
with all kinds of generation from ordinary growth to sexual
reproduction, a preoccupation prominent in Darwin’s voy-
age studies of lower animals. But Grant had presented no
system of theory for Darwin to agree and disagree with; Lyell
alone had done that for Darwin. There was always more to
Darwin, body and soul, than his scientific theorizing: he had
his family, his fieldwork, his politics, and so on; but it was
Lyell’s system of theory that provided the immediate intel-
lectual context for his inaugural practices as an innovative,
prospectively publishable theorist.

Lyell taught that ever since the oldest known fossil-bearing
rocks were laid down the same causes have acted with the same
intensities in the same circumstances, and so produced the
same sorts and sizes of effects. The leveling actions of aqueous
causes are balanced by unleveling elevations and subsidences
due to igneous agencies; and species extinctions and origins
occur throughout the past and on into the future. These con-
troversial Lyellian doctrines Darwin will always accept.

In 1835, however, Darwin disagreed with Lyell about
the causes of extinctions and about coral island formation.
His alternatives to Lyell’s theories drew on his Grantian
concerns with generation in plants and lower animals. Lyell
ascribed extinctions to competitive upsets or defeating inva-
sions caused by changes in climatic and other local circum-
stances. Darwin, disagreeing, adopted a theory respectfully
rejected by Lyell: that a species will eventually die because
like an individual animal, and like a graft succession of apple
trees, it has, generationally transmitted, an intrinsically lim-
ited lifetime.

Lyell did not say what naturalists would see if witnessing
a species originating. But he denied that species could arise
by transmutations of other species. Each species, he taught,
is created separately and at one place and time, determined
entirely by adaptational considerations, so that the resem-
blances among any group of congeneric species are due
to their common providential fitting to similar conditions.
Darwin may have disagreed, around mid-1836, thinking that
this explanation fails for congeneric species original to places
with very different conditions and that their common charac-
ters are due instead to common descent from a single ances-
tral species.

IfDarwin did accept transmutation on the voyage, he prob-
ably did so tentatively and limitedly. What did most to move
him to confident and comprehensive transmutationist theo-
rizing were his reflections on the ornithologist John Gould’s
judgments on the Galapagos land birds - reflections made

Ficurk 5.1. Erasmus Alvey Darwin, Charles Darwin’s older brother. He
lived as a man about town with many intellectual friends. Intelligent and
sweet tempered, although somewhat melancholic, he was deeply loved by
all who knew him. He was a major influence on Charles, in introducing him
both to science and then (after the Beagle voyage) to London society. From H.
E. Litchfield, Emma Darwin, Wife of Charles Darwin: A Century of Family
Letters (Cambridge: privately printed by Cambridge University Press, 1904)

in early March 1837 when taking lodgings in London near
his best bachelor buddy, a frail, clubbable, bookish charmer
who was likely, uniquely, privy to Charles’s covert notebook
theorizing: his elder brother, named after their grandfather,
Erasmus (Fig. 5.1).

Gould judged what Darwin himself had not even
suspected: that many of the land birds collected on the
Galapagos were of species peculiar to the islands but very
similar to distinct species living on the South American
mainland. For Darwin, this generalization raised a decisive
geological-geographical issue: these species had originated on
these young arid volcanic islands, and yet were closely similar
to species living on the nearest lush, forested older continen-
tal land, rather than resembling species original to other arid
volcanic islands around the world. So, Darwin thought, these
similarities could not be explained, Lyell-style, as adaptations
to common conditions, but could be ascribed to descent from
common ancestors.

Lyell had represented all transmutationist views as an
unjustified extrapolation to supraspecific groups - genera,
orders, or classes — of the descents from common ancestors
taken by most naturalists and ethnologists to explain any
intervarietal resemblances within any one species. Darwin’s
new comprehensive and confident commitment to species
transmutations was initially made as just such a common
ancestral extrapolation for supraspecific groups. In early
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F1GURE 5.2. Some months after returning from the Beagle voyage, Darwin opened a series of notebooks in which he
began to jot down evolutionary ideas. The key notebooks are B through E, where he speculates on evolution,and M and
N, more concerned with human-related issues. This passage is from Notebook B, kept from around the middle of 1837.
The transcription reads as follows: “~ led to comprehend true affinities. My theory would give zest to recent & Fossil
Comparative Anatomy, & it would lead to study of instincts, heredetary. & mind heredetary, whole metaphysics. - it
would lead to closest examination of hybridity [to what circumstances favour crossing & what prevents it] & genera-
tion, causes of change [in order] to know what we have come from & to what we tend. - this & [direct] examination
of direct passages of species structures in species, might lead to laws of change, which would then be main object of
study, to guide our past speculations ” (bracketed text indicates a passage that has been inserted later by Darwin). Note
that, apart from Darwin’s inability to spell, he already has the idea of evolution (the discovery of natural selection was a
year off) and is excitedly thinking of how powerful an explanatory power it will be. From F. Darwin, Life and Letters of

Charles Darwin (London: John Murray, 1887), vol. 2

March he integrated this new commitment with his species
mortality theory, and with reflections on new judgments made
by Richard Owen on his South American fossil mammal
specimens.

Lyell warned anyone inclining to the transmutation of
species about all the other theses - continued spontaneous
generations of the simplest micro-organisms, progressive
escalations over eons from these monads to the highest ani-
mals, and an ape ancestry for man - comprising the most
sustained transmutationist theorizing: what Lyell called
Jean-Baptiste Lamarck’s system. Darwin took this warn-
ing as a challenge no grandson of Erasmus Darwin should
evade. By July, at the opening of his Notebook B, he had
taken the most consequential decision of his life as a theo-
rist: to elaborate an improved system of zoonomical theory
with the scope and structure of Lyell’s version of Lamarck’s
system (Fig. 5.2). Under the heading Zoonomia, the laws of
life, the title of his grandfather’s best-known work, the first
two dozen pages of Charles Darwin’s notebook sketch just
such a system. From now on he would be agreeing and dis-
agreeing with all manner of authors, on all kinds of subjects
within and beyond the sciences, but often most critically
with himself as author of this, his most ambitious and con-
troversial system of theory.

TREES OF LIVES AND DEATHS

Lamarck himself had the actions of fluids within all living
bodies producing over eons recurrent escalations of organiza-
tion up a series of classes and large families from monads to
mammals. Adaptive responses to changing external circum-
stances, with the inheritance of acquired characters, caused
ramifying departures, within classes, from this serial progres-
sion. Species mutability made possible both linear progress
and arboriform diversification. By contrast, Lyell’s version
of Lamarck’s system opened with an unlimited mutability of
species adapting to changing conditions allowing a ramifying
common descent, not merely for any family or order of species
but, ultimately, for all life from a single, common ancestral ori-
gin. Lyell then presented the progress from monads to mam-
mals, its internal causes, and eventual outcome in the ascent
of man.

Darwin’s systemic sketch matches this bipartite structure.
He first has the powers peculiar to sexual generation ensur-
ing adaptive changes in altering circumstances, and hence
the formation of new species from old - so explaining how
divergent reiterations of such species formations entail over
eons a common descent for families and classes, and explain-
ing those geographical and paleontological generalizations
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about species that remain inexplicable if species originate in
independent creations at places and times determined solely
adaptationally. Then Darwin’s second part introduces the
progressive tendencies raising life from monadic, infusorian
beginnings up to mammalian perfection. Darwin here invokes
no additional causes, internal or external, assuming rather that
these progressive tendencies arise as adaptive changes due to
the same powers of sexual generation invoked in opening his
sketch.

Darwin there ascribes these powers to two features distin-
guishing all sexual from any asexual generations: maturation
in the offspring produced and the mating, crossing, of two
parents. The first enables new adaptive, hereditary variations
to be acquired in altered circumstances; the second is coun-
terinnovative when offspring are intermediate in character
between their two parents. Migration with isolation of a few
individuals inbreeding in new circumstances can circumvent
this counterinnovative action of crossing, and so allow a new
variety to form, and then diverge enough to become interster-
ile with the parent stock and so become no mere variety but
a new species. The ramifying reiterations of such species for-
mations make possible the adaptive diversification of a family
or class from its common ancestral species.

Here ends the first part, which has gone from individual
sexual reproductions all the way to interfamilial divergences.
In Darwin’s second part, moving from monadic simplicity
to mammalian perfection, all change is not only adaptive but
also progressive, and here the tree-of-life metaphor becomes
explicit and analogically elaborated. Some lowly species living
in constant conditions may not change at all, while other spe-
cies do so only slowly. There is no necessitation of an invari-
able rate of change or then of progress. Within any group, high
extinct species produced by fast-changing lines of descent can
be succeeded by lower species branching out from old, slow,
low lines. If ramified and varied in rate according to circum-
stances, a tendency for progress in all adaptive species for-
mations is reconcilable with regressions — lower fishes, say,
coming after higher ones - in the paleontological successions
of supraspecific groups. Following Lyell’s version of Lamarck,
Darwin has progress initiated by monads produced all the
time in spontaneous generations; but Darwin supposes that
the lifetime of any monad’s entire issue, although vast, is lim-
ited. Those lines of life that have changed and therefore pro-
gressed most must, then, have changed most quickly; hence
mammal species have, as Lyell emphasized, shorter species
lifetimes than mollusks do; hence, too, among extant spe-
cies of higher animals there are more gaps of character from
more extinctions, and affinities are more circular than linear.
Because species deaths by extinctions are compensated by
species births in splittings and branchings, the total number
of species is, as in Lyell, constant on a long-run average. The
branchings of the tree oflife are dependent on contingent geo-
graphical circumstances, and so numerically irregular, with
those branchings making genera being more branched. There
is however a tendency toward threefold diversifications into
aquatic, aerial, and terrestrial ways of life; and, if a dominant
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F1Gure 5.3. The first trees of life that Darwin drew (around July 1837).
He wrote: “The tree of life should perhaps be called the coral of life, base
of branches dead, so that passages cannot be seen.” B 26. Permission:
Cambridge University Library

one of these, the terrestrial say, often has further aquatic and
aerial issue, then this explains any tendency for groups to have
five subgroups, as in the regular arrangements of quinarian
taxonomists (Figs. 5.3 and 5.4).

Here ends Darwin’s sketch of an inaugural zoonomical
system. Strikingly, he soon revises not the first part but the
second. Rejecting the limited monad lifetime as entailing
falsely the eventual simultaneous extinctions of all the species
within one family or order, he needs another account of the
correlation between greater character gaps, less linear affini-
ties, shorter species lifetimes, and higher grades of organi-
zation. He now thinks that gaps within and between groups
correlate not with the organizational perfection of those
groups but with their taxonomic width. For, in the tree of spe-
cies branchings, with the total species number constant, when
one ancestral species has a dozen descendant species, there
must be a dozen lines ending without splitting in extinctions;
and in the greater multiplying of species in the diversifying
descent of a large group, a class say rather than a genus, there
will be vastly more extinctions and more gaps in character,
within and between such groups.

% 67 ¥



JoNnaTHAN HODGE

~
() [\ 8

F1GURE 5.4. The famous branching tree, drawn shortly after the first
attempts. B 36. Permission: Cambridge University Library

With this new version of the tree of life, any special prop-
erties the monads have are explanatorily redundant and no
longer invoked. What remain, for all times since the earliest
life on earth, are the multiplicative and diversifying splittings
and divergings of some species and extinctions of others. In
this arboriform process, any species but no supraspecific
group has an intrinsic mortality; and any species as a quasi
individual is born, lives, and dies just once; and, likewise, any
supraspecific group issuing from its single, ancestral species.
Moreover, only one line of species in an ancestral group has
had descendants in any particular offspring group, so there is
no general tendency for fish species, say, to have mammalian
descendants. One line offish species did so once, due presum-
ably to exceptional circumstances, as all the rest have not.

Darwin’s new tree oflife with its treatment, at once Lyellian
and Grantian in its resources, of species as generating, divid-
ing, and multiplying quasi individuals, has now departed fun-
damentally from any scheme, such as Lamarck’s, of recurrent
escalations of life through a given array of particular organi-
zational types; and so, indeed, will Darwin understand this
tree for the rest of his own life. For he has now, in the sum-
mer of 1837, an abstract, referentially anonymous scheme: as
in the single illustration in the Origin, which has no names of

%

particular groups, fishes or finches, but only letters and num-
bers representing abstractly the splittings, divergings, and
extinctions of any varieties and species - and so of any genera,
families, and the rest - in the indefinitely long run of times
past, present, and future.

Darwin’s tree, in 1837, is not a tree of taxonomic divisions,
but of species propagations. In a taxonomic tree, differentiae
divide a genus to distinguish its species; in Darwin’s tree, an
ancestral species divides in making several descendant spe-
cies of a new genus. Darwin invokes not just the branching
structure of a tree but the branching growth producing that
structure, instructed by his view that a tree grows as an associa-
tion or colony of individual buds, some propagating successor
buds, others dying without issue. Likewise, then, with species:
some divide before dying of old age and produce new species -
with their new, intrinsically limited, leases of life — while others
die in extinctions without doing so. Darwin has the maturing
offspring from a sexual reproduction recapitulating all the long
changes undergone in the lines of its entire ancestry: in later
Jjargon, ontogenies recapitulate phylogenies. But these phylog-
enies do not constitute or conform to any vast mega-ontogeny
for the whole tree of life; the branching growth is not fulfilling
any determinate, seminal, developmental destiny.

Throughout his zoonomical sketch and its first revisions,
Darwin was drawing on Lyell’s historical geography of spe-
cies and their births and deaths as quasi individuals, and on
his own Grantian preoccupations - shared with his grand-
father whose Zoonomia Grant may have directed him to at
Edinburgh -with sexual and asexual reproduction, individual
and colonial lives, limited and unlimited life. No one before
Darwin had formulated such a system of arboriform species
propagations and extinctions; but then no one had put such
Grantian preoccupations to work in agreeing and disagreeing,
as Darwin was, with Lyell, with Lyell’s version of Lamarck,
and with himself.

AFTER THE TREE, BEFORE NATURAL
SELECTION

Within a year after that zoonomical sketch of July 1837,
Darwin’s voracious reading and uninhibited reflections on
myriad topics within and beyond the sciences - from all the
divisions of natural history to religion, ethics, aesthetics, and
more - reached peaks of energy and ambition never excelled in
later decades. Intellectually, he was on a roll. Notebook A, on
geology, opened at the same time as Notebook B, on biology,
even conjectures about an early nebular earth, a taboo topic
for a Lyellian geologist never addressed publicly by Darwin.
In July 1838, he started a Notebook M devoted to metaphys-
ics, meaning not the ancient science of being, but - as it had
often done for a century now - the study of mind including
morality and sociality. Early in September, a section at the
back of Notebook D is assigned to generation as a distinct but
not separate subject.

Darwin had a general and a specific reason for reading
and thinking about mind: his general account of adaptive
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structural changes in all species, plant or animal, had these
changes often initiated by habit, a faculty of mind even in
lowly plants. Again, always including man in the tree of life,
he now seeks natural, gradual causes for any capacities com-
monly deemed distinctive of humans, especially language and
the moral sense. On the life, mind, and animal ancestry of
humans, Darwin comes, within a year, to almost every view
published in the early 1870s in The Descent of Man and The
Expression of the Emotions.

Concerning generation, he concludes that in ontogeny
and phylogeny hermaphroditic sex precedes the separation of
sexes found in higher animals; and that any unfertilized egg
or ovule in a female may be like an asexual bud and so inca-
pable of maturing and of acquiring novel hereditary variations
from pre- and postnatal influences - these acquisitions being
the very purpose of sexual generation and essential for species
changes and progress over eons.

From autumn 1837 to the following summer, Darwin’s
species formation theorizing - as inaugurated in the first part
of the zoonomical sketch opening Notebook B - is developed
in explaining two permanent changes: adaptive divergence in
structures and instincts, and loss of fertility in crossings with
the ancestral stock. Cases of nonblending of parental charac-
ters, especially in human interracial crosses, Darwin took as
signs of incipient constitutional incompatibility between the
races. An instinctive aversion to interracial pairing suggested,
moreover, that greater constitutional divergence would lead to
a consistent disinclination to interbreeding, eventually allow-
mg a divergence entailing intersterility. Racial divergence
would have become species divergence, with all the usual
criteria for specific distinction met. Amateur ornithologist
William Yarrell told Darwin that if two breeds of domestic ani-
mals are crossed, the offspring have the characters of the older
breed. Elaborating many corollaries from this generalization,
Darwin soon took it to show that over successive generations
any hereditarily perpetuated characters become so firmly and
powerfully embedded in the hereditary constitution that a
blending constitutional compromise between two very old
breeds becomes impossible, and, through a natural coordina-
tion of mind and body, they would be mstinctively averse to
interbreeding.

This reflection gave him a new way of comparing and
contrasting species formation in the wild and race formation
in domesticated species. Some domestic breeds, although
markedly different in bodies and habits, interbreed readily
and successfully, whereas wild species differing that much do
not. Darwin took it that domestication itself, this unnatural
condition, vitiated the instinctive aversion to interbreeding
naturally accompanying in the wild such degrees of bodily
and habitual divergence. So, conspecific domestic races pro-
vide analogical support for the theory of species formation in
the wild, by indicating how character divergences between
varieties could arise over a long succession of generations,
divergences wider than many wild congeneric species
showed; and, on the vitiation of instincts under domestica-
tion premise, they confirmed that in the wild such varieties

would not interbreed and so would not be counted by nat-
uralists as varieties but as good species. The very absence
of very distinct varieties in wild species is, then, evidence
that varieties in the wild, unlike races under domestication,
do become species by first ceasing to interbreed and later
becoming incapable of interbreeding.

From the early months 0f1838, Darwin persistently drew a
contrast between two sorts of domestic races: natural races or
varieties and artificial ones. The natural varieties, due to natu-
ral causes rather than to human artifice, are local varieties, iso-
lated so as not to be interbreeding with others, and diverging
as they adapt slowly over many generations to local conditions
of soil, climate, and so on. By contrast, artificial varieties are
often monstrous, distinguished by variations arising as rare,
maturational accidents - variations persisting only thanks to
the human art of picking, selective breeding, that has made
races, often in a few generations, that could never be formed
and flourish without benefit of that human art. As Darwin
read about the art of selective breeding, he became convinced
at this time that species formation in the wild was to be com-
pared with natural variety formation in domesticated species
and contrasted with the making of artificial varieties.

Darwin’s view of species formation was always that it was
an adaptive achievement. Rather than becoming extinct, dying
without issue, a species may succeed in adapting sufficiently
to new circumstances to give rise to one or more offspring
species. Adaptive variations in individuals Darwin came to
contrast with monstrous variations. When a puppy moves to
a cold climate and grows thicker fur than its parents, that is
an adaptation. The variation is induced by the surrounding
conditions and is advantageous. By contrast, a puppy grow-
ing thicker fur in a warmer country is a monstrous variation:
it is a response, even an adaptive response, to rare, unhealthy
conditions within the womb. Both adaptive and monstrous
variations are made possible by sexual generation; but only
the adaptive variations contribute to species formation; rare,
monstrous variations are blended out in crossing and are less
able to survive and procreate anyway. Darwin thinks adaptive
structural variations are often initiated by changes in habits
and so in the use of organs. If all the jaguars in a region swim
for fish prey on their country becoming flooded, then a new
variety with webbed feet could arise through the inheritance of
this acquired character. Such webbed-foot exemplars, instan-
tiating Darwin’s threefold diversifications into aerial, aquatic,
and terrestrial ways of life, were prominent in Lyell’s epitome
of Lamarck. For Darwin, initiations of structural change by
habit changes complemented instinctive aversions to inter-
breeding as initiating eventual species formation.

Darwin remains throughout the notebook years and
beyond seriously committed to progress in the history of
life. Here, he worries about challenging Lyell, who opposed
all claims that fossils evidenced a progression in the creation
of the main types of life. Darwin could avoid a direct chal-
lenge by taking his tree growth as a representation only of
those changes since the time - whenever that might have
been - when the earth was first stocked with all those main
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types. However, in accepting that individual embryonic
maturations recapitulate all past ancestral changes, he had
to contemplate an earth when the fish ancestors of today’s
mammals had not yet had any mammal descendants, an
earth that was, moreover, contra Lyell, not fit perhaps for
mammals from too little cooling from an original molten
state. Again, although reluctant to assume that the eventual
formation of man with his distinctive moral life was the sole
purpose of all the prior, prehuman progress of life, he did
think it was one purpose of the institution by God of those
laws of generation that make progress not just possible but
inevitable if not invariable.

A decision Darwin was taking in the summer of 1838
served to segregate these commitments concerning prog-
ress from the formulation of his theory of species propaga-
tion itself. He knew that ideally a causal theory offered to
explain certain kinds of facts should be supported in two
ways: independently of those facts it is being used to explain,
and by showing how well it does explain them. In conformity
with this ideal and so too with structural precedents in his
July 1837 sketch and in Lyell’s version of Lamarck, Darwin
resolved to argue for his species propagation theory in two
ways. First, he would argue for it by citing the peculiar pow-
ers of sexual generation, including Yarrellian constitutional
embedding, and by citing the diversification of domesticated
species into natural varieties. Here he would be establishing
the existence in nature of these causes and their adequacy,
their competence, to bring about adaptive species formations
in any long run of time, so as to yield such species propaga-
tions and diversifications as the tree of life represented. Then,
in a second body of argumentation, he would show how this
theory could explain, could connect and make intelligible,
many different kinds of facts about species: biogeographical
facts, paleontological facts, comparative embryological facts,
and so on.

This twofold structure and strategy of argumentation
is very much what he will adopt in arguing for his theory of
natural selection in his unpublished “Sketch of 1842” and
“Essay of 1844,” and in their published sequel, the Origin;
and Darwin was committed to it many months before he had
first formulated that theory. One consequence, in the summer
0f 1838, of designing his argumentational case in this way was
that those issues — concerning the first forms oflife, the subse-
quent progress in life’s ascent, and any correlation that ascent
may have had with any cooling and calming of an earth origi-
nally nebular and molten - would appear not in the presenta-
tion of the species propagation theory itself, or in presenting
its evidential credentials independently of its explanatory vir-
tues, but later on in the exposition, when those virtues were
elaborated in biogeography, paleontology, embryology, and so
on. In the summer of 1838, Darwin was only resolving to write
in this way on his theory’s behalf; his notebooks contain no
sustained acting upon that resolution. What they do show is
that he was, even more than before, seeing his various conclu-
sions on diverse topics as being eventually, potentially pub-
lishable, public science.

Ficure 5.5. The Reverend Thomas Robert Malthus (1766-1834). It was
his Essay on the Principle of Population that sparked the discovery of natural
selection for both Darwin and Wallace. Permission: Wellcome

NATURE’S SELECTION

From the middle of September 1838 Darwin’s pace slows.
The theory of natural selection emerges gradually, from late
that month to mid-March 1839, in successive modifications to
the earlier theory of adaptive species formations.

A first modification adds to the earlier theory without
subtraction or amendment. Near September’s end, reflecting
on Malthus on population, Darwin dwells initially on how
Malthusian superfecundity makes species liable to extinction
in even very slightly changing conditions, before consider-
ing the implications for the species surviving such changes
(Fig. 5.5). Invoking Malthus on some human populations
doubling in twenty-five years and on the checks to all popula-
tions, Darwin argues that, with all species pressing so hard
on others, there is everywhere a fragile competitive balance
that slight changes in conditions can upset, causing in some
species total population loss. This reflection allows Darwin
to return to Lyell’s view of extinctions and to abandon his
own view, going back to 1835, of some extinctions coming
from expiry of a limited vital duration rather than from exter-
nal contingencies. His generational theory of species extinc-
tions is now replaced with Lyell’s ecological one. So much
for the losing species then, but what of the winners? In one
further sentence Darwin ponders the final cause, the divinely
intended benefit, of all this populational pressing, arguing
that it is to sort out, to retain, fitting structure and so adapt
structure to these changes in conditions. Structure is then
adaptively improved in animals and plants, just as, he reflects,
Malthus shows how the energy of victorious ancient peoples
was providentially enhanced by life and death struggles as
excessive fertility forced their tribal migrations and imperial
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invasions onto contested, occupied ground. Here Darwin
responds to Malthus as one theist extending another’s teleol-
ogy and theodicy for superfecundity and empire.

This Malthusian sorting goes on both within and between
species; but Darwin draws no analogy with the picking or
selecting practiced by human breeders. Nor is there any shift
here on how sexual generation ensures adaptive change in
altered conditions. What Darwin emphasizes over the next
two months is what this sorting entails for advantageous
variations acquired in individual maturations, and so for his
geological preoccupation with the exchanges of species in
changing conditions over vast periods of time. Only a struc-
tural variation that is adaptive for the whole lifetime of an indi-
vidual will, he concludes, be retained in the Malthusian crush
of population over many generations; variations adaptive
to fetal circumstances alone will not be; and retained varia-
tions, eventually becoming strongly hereditary, can be accu-
mulated in prolonged progressive changes. Thus do his new
Malthusian insights fit with earlier views on both adaptation
and progress.

In late November, in his Notebook N (sequel to M on
metaphysics), Darwin illumines long-run adaptation and
progress through his first explicit contrast between two prin-
ciples explaining adaptive change in structures and habits in
the short run. One principle is familiar enough: an adult father
blacksmith, thanks to the inherited effects of his habits, has
sons with strong arms. The other principle has no exact prec-
edent: any children whom chance has produced with strong
arms outlive others. The contrast is direct. Chance produc-
tion means here, as it has all along for Darwin, production by
small, hidden, and rare causes effective prenatally, so that the
opposite of chance is postnatal habits. What is new, then, is the
conviction that those products of chance with the same ben-
efits as the effects of habits can contribute to adaptive change;
because, although rare, individuals with such beneficial vari-
ant structures will survive over future generations at others’
expense. However, Darwin acknowledges a difficulty in decid-
mg which adaptive structures — and instincts, because these
principles apply, he notes, to brain changes - have been due to
which of the two principles. A few days later he 1s,1n Notebook
E, again considering principles. This time there are three prin-
ciples, and they can, he says, account for everything. Strikingly,
none of the three is new to him: that grandchildren resemble
grandfathers; that there is variation in changing circumstances;
and that fertility exceeds what food can support. Darwin may
well have wanted these three principles to subsume the earlier
pair, while circumventing the unresolved difficulty of deciding
which adaptive changes to ascribe to which one of that pair.

A further innovation soon comes, seemingly, from
Darwin’s comparing wild predatory canine species with
sporting breeds among domesticated dogs, including, sig-
nificantly, any webbed-footed breeds. Strikingly reversing
himself, Darwin now decides that there is in wild species a
selective breeding just as in man’s making of artificial varieties

of domestic species. Nature’s Malthusian sorting is henceforth
interpreted as nature’s picking or selection. He is soon arguing
that because nature’s selective breeding is so vastly more pro-
longed, more discriminating, and more comprehensive than
man’s, a causal analogy conforms to the traditional propor-
tionality: the greater cause, selection by nature, is adequate to
proportionally greater effects than the intraspecific adaptive
divergence produced by the much lesser cause, man’s selec-
tion. These greater effects could include, then, the unlimited
interspecific adaptive divergences in the tree of life. Species
formations are now compared, by Darwin, not as before with
local, natural varieties in domestic species, but with varieties
made by the human art that has its natural analog in the selec-
tive breeding entailed by the struggle for existence. By March
1839, he is resolving to argue publicly that his theory ascribes
species formations to a natural process of selection analogous
to man’s. The transformations of his older theory making this
analogy essential to its very formulation have now given it
the structure and content it will have twenty years later in the
Origin. What these transformations have not done is to resolve
the indecision over the two principles of late November. Both
artificial and natural selective breeding, Darwin will always
accept, work sometimes with chance variations, sometimes
with the heritable effects of habits; and sometimes the heri-
table effects of habits work without selection, whereas chance
variations contribute only to sustained, cumulative change
with selection. The selective breeding analogy, like the three
principles, will always subsume those two principles.

The efficiencies of man’s and of nature’s selective breed-
ing depend equally on the special powers of sexual as opposed
to asexual generation. Comparing and contrasting the two
kinds of selective breeding do not make redundant compari-
sons and contrasts between those two kinds of generation. But
the theory of natural selection, as an ecological - economy of
nature - theory now constituted by the breeding analogy, will
have its argumentation developed separately from any theo-
rizing about all generations. As a theory of the main cause of
changes in the tree of life, natural selection, with its Lyellian
and Malthusian struggles among and within species, can then
be detached from any theorizing about individual sexual and
asexual generations, theorizing pursuing Darwin’s Grantian
preoccupations; and both enterprises will continue to draw
inspiration from the grandpaternal precedents set by Erasmus
Darwin. The generation theorizing will be fundamentally
transformed in the early 1840s when Darwin very probably
conceives pangenesis much as published in 1868. His theoriz-
ing about natural selection, first fully expounded in his manu-
script “Sketch of'1842” and “Essay of 1844,” will be reformed,
but not fundamentally altered, on being supplemented by
new thoughts, in the 1840s and 1850s, about sexual selection
and about structural differentiation and functional specializa-
tion in progress and adaptive divergence; and these thoughts
are articulated as such supplementary argumentation when
Darwin finally publishes the Origin in 1859.
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Darwin and Taxonomy

Mary Pickard Winsor

HARLES DARWIN was born into a world in which taxonomy was already the

established scientific language for expressing the diversity oflife. In Europe

and its colonies around the world, a growing community of museum work-
ers, wealthy collectors, and avid hobbyists named and classified kinds of plants and
animals numbering in the tens of thousands, a number that was increasing at a diz-
zying rate (Farber 2000). As a boy, Darwin absorbed samples of this community’s
output, using taxonomists’ names for flowers in his father’s garden and for birds shot
for sport; in his university years, he began to interact with taxonomists. Years later,
he recollected those carefree days:

But no pursuit at Cambridge was followed with nearly so much eagerness or
gave me so much pleasure as collecting beetles. It was the mere passion for col-
lecting, for I did not dissect them and rarely compared their external characters
with published descriptions, but got them named anyhow. I will give a proof of
my zeal: one day, on tearing off some old bark, I saw two rare beetles and seized
one in each hand; then I saw a third and new kind, which I could not bear to
lose, so that I popped the one which I held in my right hand into my mouth.
Alas it ejected some intensely acrid fluid, which burnt my tongue so that I was
forced to spit the beetle out, which was lost, as well as the third one.

... No poet ever felt more delight at seeing his first poem published than I
did at seeing in Stephen’s lllustrations of British Insects the magic words, “cap-
tured by C. Darwin, Esq.” (Darwin 1958a, 62-63)

Childish though Darwin’s collecting hobby seemed to him later, it meant that as an
undergraduate he was familiar with current taxonomic ideas and practices; without
this familiarity, Professor Henslow would not have recommended him for the Beagle
voyage.

THE NATURAL SYSTEM

The importance of the achievements of taxonomy for the discovery and proof of evo-
lution is hard to exaggerate, as Darwin (1859, 128) recognized in the Origin:
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F1cure 6.1. The classificatory system of Carl Linnacus (1707-78). It is a series of nested sets (taxa), getting ever-more

inclusive as one moves up the hierarchy (categories).

It is a truly wonderful fact - the wonder of which we are
apt to overlook from familiarity - that all animals and all
plants throughout all time and space should be related to
each other in group subordinate to group, in the manner
which we everywhere behold - namely, varieties of the
same species most closely related together, species of the
same genus less closely and unequally related together,
forming sections and sub-genera, species of distinct
genera much less closely related, and genera related in
different degrees, forming sub-families, families, orders,
sub-classes, and classes.

One of the virtues of his theory, he claimed, is that it can
explain this “wonderful fact,” which otherwise is mysterious
(Fig. 6.1). That claim has two elements: first, the hierarchical
structure of classification inherited from Linnaeus expresses
essential relationships among organisms; and, second, the
alternative theory gives no explanation. Both claims are
roughly, but not exactly, true.

Because it is roughly true that the Linnaean hierarchy
corresponds to what we may call the shape of nature, Darwin

concluded the Origin by assuring taxonomists that after they
have accepted his theory, they can carry on as usual - “pursue
their labours as at present” (484) — and to a large extent that is
what happened. Skillful taxonomists could continue to make
sound contributions in their areas of expertise while ignor-
ing his theory, and other biologists could ignore taxonomy
as no longer of interest because its central question had been
solved. Because the only other explanation for the shape of
nature was the plan of God, to which Darwin’s explanation
was so clearly superior, the gap between religion and science
widened into a chasm. These were tragic misunderstandings.

In the mid-eighteenth century, Linnaeus provided the
broad and deep foundation for modern taxonomy. While his
artificial classes and orders of flowering plants made botany
accessible for beginners, he had insisted that skillful naming
is the job of an expert, someone with wide enough experi-
ence and sound enough understanding to recognize natural
kinds of organisms, the entities now called taxa. The word
“taxon” was introduced in the twentieth century to clarify the
distinction between “species” as a concept or category and
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particular species like the Magellanic penguin (Spheniscus
magellanicus) or the dandelion (Taraxacum officianale),
exactly like the grammatical distinction between common
nouns and proper nouns (“river” vs. “Nile”). Species are
not the only kinds of organisms people recognize, though;
pine trees and birds are also taxa, exemplifying the categories
“genus” and “class.” Linnaeus’s system of naming taxa at the
species level is justly famous, but equally important was his
consistent giving of proper names to taxa at the higher ranks,
like Pinus (white pine, Scots pine, Ponderosa, and other
pines) and Aves (all the birds). After the death of Linnaeus,
botanists and zoologists building on his framework gradually
replaced, just as he had hoped they would, the classes and
orders that he had created on the basis of one or two char-
acters with more natural ones. Darwin was not saying there
was anything wonderful about the fact that naturalists liked
to classify with ranked categories; rather, he was saying that
the recognition of taxa by experts was revealing a hierarchical
structure that really is the shape of nature. Victorians called
this the natural system.

BRANCHING TRANSMUTATION WITH
EXTINCTION, 1837

It was not aboard the Beagle but in 1837, after expert taxono-
mists in London classified his specimens, that the meaning of
the natural system became blindingly clear to Darwin. The
giant fossil bones he had collected in Argentina turned into
evidence for evolution only after Darwin heard the anatomist
Richard Owen assess the relationship of these extinct mam-
mals to the armadillos, sloths, llamas, and capybaras that live
in the same region today. Darwin’s many specimens of plain
brown birds from the Galapagos took on meaning only when
ornithologist John Gould declared that the little ones were
new species in a new genus in the finch family, and the larger
ones were new species of the mockingbird genus; though the
species were all restricted to these geologically young islands,
they were taxonomically related to finches and mockingbirds
on the nearest mainland.

When Darwin opened his first notebook on transmuta-
tion in March of 1837, he was already in a radically different
position compared to others who had imagined that species
might change. His experiences had given him space, and time,
and the shape of nature. Riding across the plains of Argentina
and sailing long stretches of ocean gave him a vivid sense of
space. Digging out shells from mountaintops and working out
a theory to explain coral atolls gave him an understanding of
the vastness of geological time. And his assiduous collecting,
combined with the taxonomists’ practice of naming, gave him
the conviction that taxa were real.

Was that not a strange advantage, for a man who was des-
tined to alter forever the fixity of species and quash their sta-
tus as exemplary natural kinds? In 1859 he would write that
“we shall have to treat species in the same manner as those
naturalists treat genera, who admit that genera are merely
artificial combinations made for convenience. This may not

be a cheering prospect; but we shall at least be freed from
the vain search for the undiscovered and undiscoverable
essence of the term species” (Darwin 1859, 485). Categories
were indeed human inventions, and their uniform applica-
tion sometimes required making arbitrary distinctions, but
he certainly did not believe they were nothing more than
that. Quite the contrary, taxa large and small are phenomena
of the world around us, real phenomena. Their reality had
not been so clear to naturalists a hundred years previously,
though Linnaeus was fiercely certain that species really do
belong each to its proper genus. People who expected tax-
onomists to gradually fill in the gaps of the great chain of
being, because nature makes no leaps, complained that the
Linnaean hierarchy breaks apart what is continuous. But
as hundreds of naturalists paid closer attention, lumps and
clumps of taxa emerged from the fog, and the conviction
grew that organisms were truly related, essentially similar,
linked by something called affinity. Any naturalist who main-
tained that genera were nothing more than human inventions
would never see in the living world any evidence for evolu-
tion. Darwin’s final theory said no such thing.

Darwin’s explanation for the natural system was not natu-
ral selection, which he figured out a year later; his explanation
for the natural system was a novel kind of transmutation featur-
ing branching and extinction. Quite early in the notebook, he
used the metaphor of branches, noting that “organized beings
represent a tree. erregularly branched some branches far more
branched, - Hence Genera” (Barrett et al. 1987, B121). These
short notes show that his idea differed fundamentally from
anyone else’s, including Lamarck’s, for previous theorists had
used only living forms. Other naturalists disputed whether
nature was continuous or discontinuous, but Darwin’s great
idea was that it could be both, if the links existed in the past
but were now extinct. “We need not think that fish and pen-
guins really pass into each other. ... The tree of life should
perhaps be called the coral of life, base of branches dead; so
that passages cannot be seen” (B25).

At this point Darwin sketched his first two treelike dia-
grams (Fig. 5.3). The connection between the class of fish
and the class of birds would not be through a bird that swims
but through an extinct common ancestor of both classes.
Soon after this he made another diagram, exploring his new
idea from a different angle (Fig. 5.4). This one expresses how
branching evolution and extinction could generate taxo-
nomic groups. “Thus between A and B immense gap of rela-
tion, C and B the finest gradation, B and D rather greater
distinction. Thus genera would be formed ...” The branches
seemed to show a world filling up with new forms, but he
then added as a side note that the multiplication of species
must be counterbalanced by many deaths of species if the
total number of species is to remain roughly constant (Barrett
et al. 1987, B25-B3g). Extinction is not the sole cause of the
great distance between the species marked A and B on his
diagram, however; their separation is mostly due to the east-
ward and southward directions A’s ancestors took while B
was heading north. Those opposite directions look like what
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F1Gure 6.2. Darwin’s tree of life, the only diagram in the Origin of Species. Note that in the context, Darwin is using
the tree to explain branching (through his “principle of divergence”), which is why it is so spread out. From C. Darwin,
On the Origin of Species by Means of Natural Selection, or the Preservation of Favoured Races in the Struggle for Life

(London: John Murray, 1859)

Darwin would later call divergence, but that important part
of his analysis he set aside and did not return to until ten
years later.

Capturing the idea of a “coral of life” on a piece of paper
was hard to do. In Darwin’s first two diagrams (Fig. 5.3), one
dimension of the paper roughly means time, the bottom as
the past, moving upward to the present, with extinction indi-
cated by dots. But in his third diagram (Fig. 5.4), the surface
of the page gives no time dimension. It is as though we are
taking a bird’s-eye view, peering down at the branches of an
oak tree. All the branches signify the past; the living forms
are indicated by short lines tacked on at right angles to the tip
of some branches. Omitting time gives him both dimensions
of the paper to represent amount of difference, or diversity.
In another notebook years later, Darwin pictured the diver-
sity of living forms as dots along a horizontal line (Ospovat
1981, 173), their many differences indicated only by spaces
of various lengths. This is also how diversity in the present
appears in the Origin’s famous tree diagram, where today’s
taxa are the labeled points along lines X and XIV, a thin por-
trayal indeed (Fig. 6.2).

Other naturalists who were thinking about similarities
among living organisms had experimented with other ways
to spread diversity across a page (O’Hara 1991; P. F. Stevens
1994). William Sharp Macleay had proposed in 1819 that
members of each natural group sit on the circumference of
a circle (Fig. 6.3). Although enthusiasm for his ideas rapidly
waned because his demand for numerical symmetry (five per
circle) did not mesh with their experience, many London
naturalists, Darwin among them, still felt the quinarian

system contained intriguing half-truths. Immediately fol-
lowing his first two diagrams, Darwin wrote that “the bot-
tom of branches deaden, so that in Mammalia << birds>>
it would only appear like circles” (Barrett et al. 1987, B27).
In other words, if the trunk of the bird tree had subdivided
into branches diverging away from each other, the similarities
between the existing orders of birds would not be linear but
somewhat circular.

CHARACTERS, ESSENTIAL AND
ANALOGICAL

In the Linnaean hierarchy, the only characters that counted
were ones that uniquely located a taxon within its own stack of
nested taxa. The quinarian debate enlarged naturalists’ atten-
tion to include two other kinds of resemblance, both reaching
sideways across from one stack to another. Blendings were
expected where one circle touches its neighbor. When bar-
nacles, formerly classed among the Mollusca, were found to
have embryos like the embryos of crabs, Macleay placed them
between Crustacea and Mollusca. The idea of transitional
forms was an old one, and continuity was still a good reason
to complain that hierarchy could not well capture the shape
of nature. But Macleay’s other idea, analogies, was some-
thing quite new. He would compare two forms, each of which
belonged solidly within its own circle of affinities, and find
some striking feature they shared.

Late in 1838 Darwin noticed a paper by Owen that
seemed to contain a rationale for evaluating characters.
Within the Mammalia, the sea cows (manatees and dugongs,
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Ficure 6.3. W. S. Macleay’s quinary system of classification, consisting of osculating (touching) circles, as repro-
duced by his follower William Swainson. From W. Swainson, Geography and Classification of Animals (London:

Longman, 1835)

Plate XVI) had been grouped with dolphins and whales, but
Owen (1838, 39-40) agreed with a proposal connecting them
to elephants:

The generative organs being those which are most
remotely related to the habits and food of an animal, I
have always regarded as affording very clear indication of
its true affinities. We are least likely, in the modifications
of these organs, to mistake a merely adaptive for an essen-
tial character.

Darwin scribbled to himself,

How little clear meaning has this to what it might have. -
What is the difference between an essential character &
an adaptive one. — are not the essential ones eminently
adaptive. — Does it not mean lafely adapted or trans-
formed & hence not indicative of true affinity. (Barrett
etal. 1987, Egze)

Darwin shared with Owen the concept of “true affinity,” and
they also shared the belief, basic both to Cuvier’s principles
and to natural theology, that organisms are perfectly adapted,
that is, well formed for their role. Owen was using the term
“essential character” in a sense that harks back to Linnaeus,
as indicative of a taxon’s correct place in a natural system
(Miiller-Wille 2007). At the same time he was beginning to
develop a challenge to the old argument from design, which
privileged function, in favor of a higher order of design, an
abstract morphological type. When Owen spoke of the “mod-
ification” of an organ, he did not mean a physical transfor-
mation but one taking place now, in our imagination, and
originally, in the mind of the Creator. Darwin already realized
that his theory promised a more meaningful distinction than
this problematical contrast, but then he put the issue aside.
In 1840 John Obadiah Westwood, an entomologist whose
work Darwin greatly admired, proposed that the analogies so
loved by quinarians were “essential characters,” except that
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affinity meant having many characters in common and analogy
meant sharing only one (D1 Gregorio 1987). The ornithologist
Hugh Strickland (1840, 222) fiercely contradicted Westwood’s
idea. Affinity is “the relation which subsists between two or more
members of a natural group, or in other words, an agreement in
essential characters” (emphasis in original). “Analogy, in short,
is nothing more than an agreement in non-essential charac-
ters, or a resemblance which does not constitute affinity.” As a
result of exchanges like this, Darwin (1859, 427) could declare
in 1859 that naturalists had agreed upon “the very important
distinction between real affinities and analogical or adaptive
resemblances.” But what had made Strickland’s definition
more acceptable than Westwood’s? The claim that taxonomy
was once simply the reading of pattern out of data ignores
the process by which the community of experts chose which
data to value and which to discard. One factor involved in the
shift of opinion from the 1820s to the 1850s can only be called
theological. Because they felt sure that correctly recognized
taxa were real, Strickland, Westwood, and Owen all believed
that to improve the natural system was to discover God’s plan.
Who can doubt, said Strickland (1840, 221), “that such groups
as Vertebrata, Insecta, Mammalia, Pisces, Coleoptera, &c.,
are not merely human generalizations, but real apartments
in the edifice of the Divine Architect?” Ignoring Westwood,
Strickland (1840, 224) cited early quinarians who maintained
that God had inserted symbolic representations at strategic
points in the natural system to help naturalists read the Book
of Nature.

This has always appeared to me one of the most unsound
and unphilosophical of the doctrines maintained by the
advocates of the circular system. It seems derogatory to
Creative Power to suppose that the principle of represen-
tation had any place in the scheme of creation, or that cer-
tain organs were given to species, not with a view to the
discharge of certain destined functions, but for the appar-
ently useless object of imitating or representing other
species in a distant part of the system ... that the long tail
of the horse was given it, not for the purpose of brushing
off flies, but in order to represent the long “tail” (train)
of the peacock.... Without wasting words upon the seri-
ous discussion of such puerilities, I will merely repeat my
deliberate conviction, that relations of analogy are not to
be regarded as affording any evidence of Trpoaipeais or
intention, in the scheme of creation, but are mere coinci-
dences of structure incidental to the grand design. ...

Owen too explained the homology of vertebrate bones by
reference to “some archetypal exemplar on which it has
pleased the Creator to frame certain of his living creatures”
(Rupke 2009, 170). Darwin (1859, 413) would later declare
that the problem with naturalists’ belief that the natural sys-
tem “reveals the plan of the Creator” is that “nothing is thus
added to our knowledge,” but in Strickland’s formulation, a
mature, respectful view of God added something important.
It tells us that organisms were designed for their own sake and
not for ours.

RANKING AND DIVERGENCE

Darwin had no wish to become a taxonomist; he was glad
to leave the drudgery of formal description of his collections
to others. One of the reasons it was drudgery was that the
exploding quantity of material and workers meant that the
same thing could easily get renamed by mistake - indeed, this
was happening all the time, in several languages. Disentangling
nomenclature required the tools of a scholar and the tact of a
diplomat, because some taxonomists had an emotional attach-
ment to their own published opinions. Need for regulation
was widely felt, and Strickland was the man with the political
skills to make it happen. In 1842 the British Association for
the Advancement of Science authorized a committee, which
Strickland chaired and on which Darwin and Westwood
served, to draft the new rules. The Strickland rules, which
were soon widely adopted, owed their success to the strategy
of focusing on practices already in wide use and leaving con-
tentious questions, like how to define the category “species,”
unanswered. Very likely this committee work encouraged
Darwin not to attempt a facile definition of any taxonomic cat-
egory in the Origin (McOuat 1996).

In the summer of 1843, Darwin’s good friend George
Waterhouse asked him for advice about the ranking of some
odd mammals. It was already understood that the native
Australian mammals resemble opossums by giving birth to
tiny embryos that grew in a pouch rather than in a placenta.
Two other hairy quadrupeds from that distant continent were
even more strange. The platypus had a bill like a duck, and the
spiny anteaters (echidna) definitely laid eggs (Plate XV). Owen
had published an impressive set of dissections that accorded
these two creatures a separate new taxon, the monotremes. But
Waterhouse was reluctant to allow three species (one platypus
and two echidnas) to have the same rank as dense orders like
rodents with hundreds of species, so he wanted to alter the
definition of marsupials to include the monotremes.

Darwin, in a warm and frank tone, replied in effect: Your
problem is that you have no idea at all what your goal is. If you
are just making a catalog, you might allow criteria like numer-
ical balance, but if your goal is to save ink (“conveying much
information through single words”), you may count only dif-
ferences. He reminded Waterhouse that a few odd flies called
stylopids (parasites of bees) are given ordinal rank, equivalent
to the massive order Coleoptera (as they still are). Naturalists
seeking the natural system were aiming higher, Darwin knew;
they wanted “to discover the laws according to which the
Creator has willed to produce organized beings,” but he
cautioned Waterhouse that such an “empty high-sounding”
expression “means just nothing” (Darwin 1985-, 2:375). My
own view, said Darwin (1985-, 2:378), is that relationship
means consanguinity.

I believe ... that if every organism, which ever had lived
or does live, were collected together (which is impos-
sible as only a few can have been preserved in a fossil
state) a perfect series would be presented, linking all, say
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the Mammals, into one great, quite indivisible group -
and I believe all the orders, families & genera amongst
the Mammals are merely artificial terms highly useful to
show the relationship of those members of the series,
which have not become extinct— (letter to Waterhouse, 31

July 1843)

Waterhouse merely seemed amused to be pressured to clarify
his own principles.

Naturalists say one animal may have a relationship of
affinity with another, or it may have a relationship of
analogy without there being any true affinity - I am very
much puzzled about this matter.... When ... I say one
animal is nearly related to another, I mean that the two
agree in several important points, & the relationship is
more distant when there are few points of resemblance
and those comparatively unimportant. (Darwin 1985-,
2:381-82, letter to Darwin, 9 August 1843)

Waterhouse’s cool reaction to Darwin’s ideas i1s under-
standable, because Darwin admitted that “the difficulty
of ascertaining true relationship ie a natural classification
remains just the same” for Darwin, “though I know what
I am looking for” (1985-, 2:376). Darwin’s monumental
work on barnacles bears out what he had told Waterhouse,
that belief in branching evolution would not make the job
of finding true affinities any easier, because the characters
already employed by taxonomists were the only ones avail-
able (Padian 1999).

Looking back years later, Darwin recalled that it was
long after sketching out his theory of natural selection that
he finally realized he had overlooked a key problem, namely,
why branches tend to diverge from one another. He began
to think over this problem around 1847, perhaps because
other naturalists were exploring the idea of branching rela-
tionships, so the fact that he offered no explanation was a
weakness in his own theory (Ospovat 1981). He wanted nat-
ural selection to supply the answer and was greatly pleased
in 1857 when he saw how it could. He explained his “prin-
ciple of divergence” in his chapter on natural selection in
the Origin and illustrated it in his famous diagram, in which
variation is represented by lines fanning out (Fig. 6.2).
Whatever makes a wide-ranging and variable species vary,
he said, will also make its descendant species variable, giv-
ing rise to genera. Their repeated divergence is explained
because forms can have a selective advantage purely because
they differ the most. They will avoid competing with each
other and can exploit the environment in new ways. But if
a species does not vary, it need not go extinct, but might
persist for millions of years, while its cousins were splitting
and diverging so richly that taxonomists must create fam-
ilies or orders to contain the new taxa. Thus Darwin was
satisfied he had dealt with the irregularity of the natural
system. From our perspective, he had underestimated the
effect of catastrophes, for paleontologists later documented
mass extinctions.

ARGUMENT IN THE ORIGIN

After Wallace’s stunning paper reached him in 1858, Darwin
worked intensely to condense his big book. In mid-March
(15) 1859, wrapping up the penultimate chapter, which
includes classification, he wrote to Hooker that “the facts
seem to me to come out very strong for mutability of spe-
cies” (Darwin 1985-, 7:265). He closed that chapter with this
sentence:

Finally, the several classes of fact which have been con-
sidered in this chapter seem to me to proclaim so plainly,
that the inumerable species, genera, and families of
organic beings, with which this world is peopled, have
all descended, each within its own class or group, from
common parents, and have all been modified in the
course of descent, that I should without hesitation adopt
this view, even if it were unsupported by other facts or
arguments. (Darwin 1859, 457-58)

This is a strong claim, for natural selection is not mentioned
in this discussion of classification and morphology (though
it does play a role in his explanation of embryology), nor are
the factors so important in his own conversion in 1837, geog-
raphy and paleontology. Overlooked during the modern syn-
thesis, when speciation and natural selection were paramount,
these “several classes of fact” probably explain why many of
Darwin’s peers who finished reading the Origin still uncon-
vinced by natural selection did accept that branching evolution
must have occurred. The momentum had long been building
in a favorable direction. For example, he could say in 1859:

No one regards the external resemblance of a mouse
to a shrew, of a dugong to a whale, of a whale to a fish,
as of any importance. These resemblances, though so
intimately connected to the whole life of the being, are
ranked as merely “adaptive or analogical characters;”. ...
(Darwin 1859, 414)

Linnaeus had known in 1758, contrary to common sense, that
whales are mammals and shrews are not rodents, but the cor-
rect classification of dugongs was more recent (Plate XVI).
When Darwin wrote “no one,” he meant no one whose opin-
ion mattered, because he felt that taxonomic progress was
moving in the direction of uncovering reality.

Darwin, who had great respect for those with the stam-
ina to do careful taxonomy, wrote the classification portion of
this chapter treading delicately, because the gist of his argu-
ment was that taxonomists did not understand what they were
doing. His theory would explain why they had rules of thumb
that seem illogical, and why none of their rules apply without
exception. He said in private that his theory “will clear away
an immense amount of rubbish about the value of characters”
(Darwin 1985-, 6:456, letter to T. H. Huxley, 26 September
1857). An “important” character did not mean a feature impor-
tant to the organism itself but merely one that was useful to the
taxonomist. Any feature, such as the shape of a plant’s leaf, of
an insect’s antenna, or a bird’s beak, can be “important” to one
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taxon and useless in another. Darwin (1859, 417) quoted with
approval a botanist pointing out certain plants that lack all the
characters supposedly defining their group “and thus laugh at
our classification.” Darwin (1859, 420) offered his solution:

All the foregoing rules and aids and difficulties in clas-
sification are explained, if I do not greatly deceive myself,
on the view that the natural system is founded on descent
with modification; that the characters which naturalists
consider as showing true affinity between any two or
more species, are those which have been inherited from
a common parent, and, in so far, all true classification is
genealogical. ...

This solution is transformed in his final chapter into a vision
ofa golden future, once naturalists have accepted evolution:
“Our classifications will come to be, as far as they can be so
made, genealogies ...” (Darwin 1859, 486). But how far can
they be so made, in fact? Actual genealogies of human fam-
ilies do not have a hierarchical structure. Darwin’s irreg-
ular branching clearly dispensed with any notion that the
ranks of categories had absolute meaning, endorsing tax-
onomists’ practice of raising or lowering a taxon’s rank at
will. An essential character no longer carries the implica-
tion that God intended it, but sorting out the recent, from
the ancient, from the analogous, still requires close study
by experts.
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Darwin and the Barnacles

Marsha L. Richmond

ETWEEN 1851 AND 1855, Darwin published a series of four monographs on

the cirripedes (barnacles), two on the living Cirripedia (1852, 1854) and two

on fossil Cirripedia (1851, 1855)." This study consumed eight years of his life,
from 1846 to 1854. Sandwiched between penning early drafts of his species theory
in 1842 and 1844 (Darwin 1909) and the publication of Origin of Species in 1859, the
barnacle monographs have been interpreted as delaying Darwin’s work on his the-
ory of evolution. It is clear, however, that the study of the barnacles complemented
Darwin’s earlier preoccupation with invertebrate biology and served to bolster his
confidence in his species theory (Sloan 1985; A. C. Love 2002). He gained from
this study clarity on points important to his evolutionary theory (the significance of
variation, homology, and embryology as keys to affinity, change of function, and the
evolution of novelty), as well as significant empirical support that would feature in
Origin. In addition, his receipt of the Royal Medal of the Royal Society of London
in 1853, largely on the basis of his first barnacle volume, gained him widespread rec-
ognition as a naturalist of high standing. Coupled with his earlier geological studies,
the barnacle monographs reinforced Darwin’s scientific reputation. His credentials
were thus impeccable prior to publishing a theory of evolution that would attract
protracted and vociferous criticism among naturalists and laymen alike.

To be sure, Darwin’s barnacle monograph was a significant achievement in its
own right. Indeed, despite some errors in interpretation, it remains an important
work in cirripede morphology and systematics to this day (Southward 1987; Newman
1987, 4). Certainly it was solidly within the tradition of mid-nineteenth-century
natural history. Taxonomy - the grouping and classification of organisms - was
a major preoccupation of nineteenth-century naturalists. Botanists and zoolo-
gists, following the model set by Carl von Linné (Linnaeus) (1707-78), had long
strived to catalog nature’s vast array of species, exponentially expanded in the early

! Although the title pages of 4 Monograph on the Sub-class Cirripedia, with Figures of All the Species.
The Lepadidae, or Pedunculated Cirripedes (1852) and A Monograph on the Fossil Balanidae and
Verrucidae of Great Britain (1855) read “1851” and “1854,” respectively, they were delayed in pub-
lication and, because taxonomic works establish priority, should be cited according to their actual
date of publication (Newman 1993).
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nineteenth century by the voyages of exploration such as
that of the Beagle. Naturalists thus employed a hierarchical
approach of dividing plant and animal kingdoms into rational
categories — orders, classes, genera, and species - using the
Linnaean binomial system of naming the genus and species
(R. A. Richards 2009). But the aim was not simply to turn the
natural world into a museum. Taxonomy formed a prominent
pillar within the particularly British tradition of natural theol-
ogy - a way to illustrate in the “Great Chain of Being” the
order of nature reflecting the design of the Creator.

Yet Darwin’s study of the barnacles deviated in significant
ways from previous taxonomy studies. It was a highly theoretical
approach to investigating animal form and function in the con-
text of systematics. Moreover, his application of new cutting-edge
methodological approaches, along with an “adaptationist
approach to taxonomy” (Innes 2009), not only resulted in new
discoveries but set his work apart from the majority of systematic
works. Certainly, 4 Monograph on the Sub-class Cirrepedia was
no mere exercise in natural theology. The qualities that were sin-
gled out in the citation awarding him the Royal Medal identified
prominent characteristics of Darwin’s particular approach to
understanding nature that were prevalent throughout his career,
and which became a model for future biologists imbued with the
new evolutionary view of the world.

That Darwin would become engrossed in such an enter-
prise was not surprising. He had long been fascinated by
marine invertebrates, which opened up for him a particularly
interesting window into life’s mysteries (Winsor 1976; Sloan
1985). This curiosity was especially fostered during his years
as a student in Edinburgh through his contact with Robert
Edmond Grant (1793-1874), whom he often accompanied “to
collect animals in the tidal pools, which I dissected as well as
I could” (Darwin 1958a, 49-50). References to dissections of
various invertebrates, as well as his particular fascination with
their larvae and ova and their modes of generation generally,
can be found in his notebook from the period and his first sci-
entific paper (Barrett 1977, 2:285-91; Barrett et al. 1987). This
interest was certainly evident throughout the Beagle voyage,
with both geology and marine zoology capturing his attention
(A. C. Love 2002). As Jonathan Hodge (1985) noted, Darwin
was truly a “life-long generation theorist.”

Darwin’s decision to undertake such a major taxonomic
work was certainly not a calculated one. In the years following
his return from the Beagle voyage (1831-36), he had published
a series of books and articles on various aspects of the geology
and natural history of South America. On 1 October 1846, the
day he sent off proofs of his final geological publication, he
took down from the shelfhis collection of curious invertebrates
that remained undescribed and on which he intended to write
briefnotices (Darwin 1985-, 3:344; Browne 1995, 471, letter to
R. FitzRoy, 1 October 1846). One in particular captured his
attention. In January 1835, while combing the beaches of the
Chonos Archipelago just off the coast of Chile, Darwin picked
up a conch shell that was “completely drilled by the cavities
formed by this animal. - Back on board ship, he examined
the little boring creature under the microscope, identifying it,

Ficure 7.1. Cryptophialus minutus (“Mr Arthrobalanus”), the barna-
cle that set Darwin off on his eight-year study of the animals. Depicted is
a larva in the last (or pupal) stage. From C. Darwin, 4 Monograph on the
Sub-class Cirripedia, with Figures of All the Species. The Balanidae (or Sessile
Cirripedes; the Verrucidae, etc.) (London: Ray Society, 1854), pl. XXIV, fig.
18. Redrawn from Darwin’s original sketch of January 1835 included in his
Beagle voyage Zoology Notes (Charles Darwin’s Zoology Notes and Specimen
Lists from H.M.S. Beagle, ed. R. Keynes [Cambridge: Cambridge University
Press.2000],276)

in the detailed description included in his Zoology Notes, as
a member of the Balanidae. However, this minuscule parasite
was like no other barnacle he had ever seen. It burrowed into
its host rather than attaching to the surface and lacked a shell,
unlike all other forms; he easily concluded, “It is manifest this
curious little animal forms new genus. -” (Darwin 2000, 274,
276; see also Stott 2003, 62-63). Given his interest in genera-
tion, it was perhaps his further discovery of developing eggs
within the base of the barnacle that heightened his interest.
He recorded seeing four different stages in the larval develop-
ment of this “Balanus” and at the time remarked on the resem-
blance of one stage to that observed in the metamorphosis of
Crustacea (Darwin 2000, 275). This observation was notable,
for in 1835 the presence of larval stages of cirripedes was still
a matter of dispute among naturalists. It was a decade later,
however, before he was finally able to return to this specimen
to determine its taxonomic position.

Initially Darwin intended simply to write a paper on
this and the other marine invertebrates from the voyage, but
his plans were derailed. He became completely engrossed
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in dissecting “a little animal about the size of a pin’s head”
(Darwin 1985-, 3:359, letter to R. FitzRoy, 28 October [1846]),
and thus this “ill formed little monster” - first humorously
called “Mr Arthrobalanus” and later officially christened
Cryptophialus minutus - led to his eight-year-long work on
the barnacle monographs (Darwin 2000, 274) (Fig. 7.1).

THE QUEST TO IDENTIFY “MR
ARTHROBALANUS”

Although barnacles were best known for being a nuisance
to seagoing vessels, they were of particular theoretical inter-
est to mid-nineteenth-century naturalists. For those seeking
to uncover the order of nature, they presented an enigma,
for they did not well fit into accepted taxonomic schemes.
Linnaeus had placed them along with mollusks in the class
“Worms,” further divided into the order “testacea” on the
basis of their external cases. The French invertebrate special-
ist Jean-Baptiste Lamarck (1744-1829) noticed their internal
appendages or cirri and renamed them “Cirrhipeda,” fur-
ther dividing them into stalked and sessile forms and placing
them in between the Annelides and Conchifera (Innes 2009).
Georges Cuvier (1769-1832), however, soon returned them to
the Mollusca (Winsor 1969).

This was where things stood when John Vaughan
Thompson (1779-1847) published a developmental history of
cirripedes in 1830. Thompson, living near the Irish seacoast,
was able to observe the sequential stages of the metamor-
phosis of nauplius and cypris larvae into adult barnacles and
thereby point out their resemblance to crustacean larvae (J.
V. Thompson 1830). This was not at all clear in 1846 when
Darwin began reviewing the anomalous Mr Arthrobalanus.
Having suddenly been shifted from one branch of the animal
kingdom to another - from the Mollusca to the Articulata -
the Cirripedia were in dire need of revaluation, in terms of
their systematic relationships as well as their anatomical and
physiological features in comparison with other Crustacea.

As Darwin explained in the preface to the first volume of
A Monograph on the Sub-class Cirrepedia, he had not set out
to engage in a taxonomic study of the entire subclass (Darwin
1852, vii). In trying to place Cryptophialus within barnacle
taxonomy, he spent fourteen months undertaking an anatom-
ical study of pedunculated and sessile cirripedes. As he con-
fided to Joseph Dalton Hooker (1817-1911), who aided him
immensely in his early study of barnacle anatomy, “I hope to
Heaven I am right in spending such a time over one object -
(Darwin 1985, 4:11, letter to J. D. Hooker, 8 [February 1847]).
It soon became obvious, however, that the taxonomy of the
group was in a profound state of disarray. Having already
made such a sound start, Darwin was sorely tempted by the
suggestion of John Edward Gray (1800-75), keeper of the zoo-
logical collections at the British Museum and himself a cir-
ripede expert, that he prepare a comprehensive monograph.

In undertaking this massive project, Darwin first read all
the historical accounts and contemporary literature available
on the topic. He also drew on the expertise and assistance of

individuals from around the world, who provided him speci-
mens as well as valuable information (Anderson and Lowe
2010). His considerable skills as a microscopist, honed during
the Beagle voyage, were put to a supreme test in dissecting
minute creatures. The practical aspect of classifying hundreds
of species of barnacles was overwhelming, particularly given
the tremendous amount of variation in individual forms that
astounded even one whose evolutionary theory postulated
varieties as Incipient species.

He was particularly concerned about the philosophy of
classification, not simply its practice. This topic was not, of
course, new to him. Darwin had thought much about classifi-
cation after developing his ideas about transmutation of spe-
cies soon after the return of the Beagle (Desmond and Moore
1991; Browne 1995). Early on he was attracted by the quinar-
ian system of William Sharpe Macleay (1792-1865). Although
idealistic in its assumption that all taxa were divisible into five
groups, the system nonetheless emphasized the use of anal-
ogy and affinity in grouping organisms and potentially well
accommodated an anomalous group like the cirripedes that
shared properties of two different classes. This approach was
particularly attractive to someone like Darwin, who believed
that taxonomic relationships were in essence a reflection of
genealogical descent (S. Smith 1965; Ospovat 1981, 108).
These nascent ideas became sharpened in the 1840s through
his frequent discussions with Richard Owen (1804-92), whose
expertise in comparative anatomy was complemented by new
philosophical ideas coming from the Continent (E. Richards
1987; Sloan 1992; Rupke 1993). Influenced by the philosophi-
cal anatomy of Etienne Geoffroy Saint-Hilaire (1772-1844),
Owen was at the time formulating new guidelines for tax-
onomy, including a precise definition of homology to denote
parts in different organisms that shared “structural corre-
spondences” with other closely related forms (Fig. 7.2). While
for Owen this notion was an ideal - representing a common
design among members of a group — within Darwin’s matur-
ing evolutionary perspective the archetype became an ances-
tor, and the principles of natural classification thus began to
assume a new meaning (Ospovat 1981; Desmond 1982). As
Ghiselin (1969, 83) noted, they “ceased to be merely descrip-
tive and became explanatory” (Fig. 7.3).

Darwin’s ideas on classification were well developed prior
to beginning the barnacle monograph. His notebooks from the
late 1830s and early 1840s indicate that he was thinking deeply
about developing a theory of classification based on descent
with modification. In corresponding with the well-respected
taxonomist George Robert Waterhouse (1810-88) on the
topic in 1843, Darwin provided a clear description of his
particular understanding of the natural system of classifica-
tion based on points of resemblance between organisms.
“Natural” did not mean for Darwin a reflection of the order
of creation, as understood by most naturalists, but rather an
arrangement of members of a group that best identified true
genealogical relationships (Darwin 1985-, 2:377-78, letter to
George Waterhouse, [26 July 1843]).This genealogical under-
standing of the aims of classification explains why Darwin was
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F16URE 7.2. Etienne Geoffroy Saint-Hilaire (1772-1844), French philo-
sophical naturalist who championed the principle of “unity of composi-

tion,” that is to say homology as opposed to Cuvier’s adaptation. Permission:
Wellcome

particularly receptive to Geoffroy Saint-Hilaire’s philosophi-
cal anatomy, which was based on a transcendental view of the
underlying unity in the design of organisms. He easily incor-
porated the concepts of analogy and homology within his
theory of classification but endowed them with new meaning,.
Within the context of his evolutionary interpretation, homo-
logical relations became more than simply tools for descrip-
tion. For Darwin, homology did not depict an ideal plan but
actual phylogenetic relationships. Rather than simply being
a guide, homology for Darwin was thus an essential tool for
identifying evolutionary relationships that linked members
of a group. It was also the touchstone for venturing hypoth-
eses about the possible line or lines of descent connecting
one species to previously existing forms. Homology, in short,
was the foundation of Darwin’s theory of classification, and
the cirripedes offered him the ideal group on which to test
his views.

Darwin’s evolutionary interpretation of the meaning of
classification also explains why he readily adopted embryol-
ogy as a methodological tool for revealing homologies. The
use of embryological development to reveal systematic rela-
tionships emerged from Karl Ernst von Baer (1792-1876) and
his magisterial text, Die Entwickelungsgeschichte der Thiere
(1828-37) (Fig. 7.4). The import of this work for classifica-
tion was impressed on European naturalists in the late 1830s
and early 1840s (Ospovat 1976; Appel 1987; R. J. Richards
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F1cure 7.3. The concept of the vertebrate archetype, an idealistic Platonic
form of the vertebrate, as depicted by Richard Owen. Darwin, who postu-
lated archetypes for both barnacles and orchids (organisms on which he
worked), interpreted this as an ancestor. In later years, certainly, this was true

also of Owen. From R. Owen, On the Nature of Limbs: A Discourse (London:
Voorst, 1849)

1992; Rupke 1993). Darwin first came into contact with
these ideas as a student in Edinburgh through his associa-
tion with Grant (Desmond 1984; Sloan 1985). Darwin’s own
understanding of embryological development, as outlined
in his evolutionary “Essay of 1844 (Darwin 1909, 57-255),
accorded well with such views. After he began work on the
Beagle invertebrates in 1846, he was reintroduced to embry-
ological considerations in classification through reading the
influential essay on classification (1844) by Henri Milne-
Edwards (1800-85).

Like von Baer, Milne-Edwards recognized that com-
parative embryogenesis could be used to yield informa-
tion about systematic relationships. Within members of
the same branch of the animal kingdom, developmental
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Ficure 7.4. Karl Ernst von Baer (1792-1876), eminent Estonian embry-
ologist and morphologist, whose classic text, Entwickelungsgeschichte der
Thiere (The Developmental History of Animals), published in two parts
(1828, 1837), established principles that were fundamental to the develop-
ment of comparative embryology. Permission: Wellcome

stages generally illustrated an increasing divergence from
an early resemblance shared by all members of a class to
later features that were characteristic of a particular order,
family, genus, and individual species. Milne-Edwards drew
from this generalization several principles that became the
foundation for many mid-nineteenth-century taxonomists:
(1) the most general structures of a class appear earliest in
development and can thus be used to establish higher taxo-
nomic affinities; (2) characters shared by organisms reflect
the degree of zoological parentage; (3) some organisms, in
contrast to the general phenomenon of “progressive” devel-
opment, exhibit arrested or retrograde development; (4)
increasing specialization in embryogenesis illustrates the
tendency in higher organisms toward a “division of physi-
ological labor” (a concept he became noted for), and this
principle could be used to determine “lowness” and “high-
ness” in particular groups; and (5) embryology, by reveal-
ing homological relationships in development, provided an
empirical guide on which to base classification ([Richmond]
1989). Darwin was particularly struck by Milne-Edwards’s
classificatory principles. Indeed, his lengthy abstract of
this essay, dated December 1846, opens with the state-
ment: “~ This is the most profound paper I have ever seen
on Affinities” (CUL DAR 72:117; Ospovat 1981, 174-75). In
the monograph on the Cirripedia, begun in 1847, many of
the points discussed by Milne-Edwards, combined with
Owen’s ideas of homology and the archetype, merged with
Darwin’s own transformist understanding of classification in
his treatment of the natural history and systematics of the
barnacles (Fig. 7.5).

Ficure 7.5. Henri Milne-Edwards (1800-85), French invertebrate zoolo-
gist whose work Histoire naturelle des crustacés (1837-41) was long a standard
reference work on crustacea. Milne-Edwards’s 1844 essay “Considérations
sur quelques principes relatifs a la clasification naturelle des animaux”
(Considerations on Some Principles Relative to the Natural Classification of
Animals) greatly influenced Darwin’s approach to classifying the barnacles.
Milne-Edwards’s application of Adam Smith’s principle of the division of
labor to the organic world was also very important for Darwin. Permission:
Wellcome

DARWIN’S SUCCESSES AND “BLUNDERS?”

An understanding of the theoretical principles upon which
Darwin drew provides the context for assessing the mono-
graph on the Cirripedia. His evolutionary understanding of
classification is clearly evident (R. J. Richards 1992, 136-43).
For example, his belief that a classification based on homolo-
gies established through embryology as well as anatomy would
best reveal possible genetic relationships justified his decision
to rank the Cirripedia as a separate subclass of the Crustacea.
Applying the “embryological criterion of homology,” Darwin
concluded that the resemblances in larval metamorphosis
shared by Crustacea and Cirripedia indicated their commu-
nity of descent.

This also explains why in both volumes of 4 Monograph
on the Sub-class Cirripedia, (1852, 1854) Darwin devoted
introductory sections to describing the metamorphosis of cir-
ripedes. As he noted, this was necessary “on account of the
great importance of arriving at a correct homological inter-
pretation of the different parts of the mature animal” (Darwin
1852, 25). He based his determination of the archetypal cir-
ripede on Milne-Edwards’s model of an archetypal crustacean
consisting of twenty-one segments, variously divided in differ-
ent groups between cephalic, thoracic, and abdominal somites
(Milne-Edwards 1844; Appel 1987, 218-19). In barnacles,
Darwin identified seventeen of these twenty-one segments,
assuming that the four terminal crustacean segments were
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missing. This archetypal cirripede formed
the basis for his making out the anatomical
organization of all his barnacle specimens
and guided his assessment of taxonomic

rank (R. J. Richards 1992) (Fig. 7.6). A i .

In providing a comprehensive phyloge-
netic treatment of cirripedes, Darwin relied e
on larval homologies as well as adult mor- o 7
phology, and particularly the number and
forms of the “valves” (plaques) forming the v
shell and the muscles attached to them. In
formulating standard nomenclature of these
parts, he established terminology that con-
tinues to guide systematists (Deutsch 2010).
As Newman (1987, 4) has noted, Darwin’s
monographs “contain a prodigious body
of information on the diversity, anatomy,
reproduction, geologic chronology and age,
and established morphological and taxo-
nomic standards that for the most part have
been retained and elaborated upon to the
present.”

The citation of the Royal Medal Darwin received in 1853
pointed to the significant accomplishments of the barnacle
monograph, including his description of the metamorphosis
of cirripedes and the anatomy oflarvae, the use of development
to explain homological relations, and his discovery of “new
facts” and “promulgation of original views” (|Richmond]
1989, 406-7). Several specific discoveries were singled out.
Among this list, two suffice to illustrate the approach Darwin
employed. First, his discovery of “complemental” males
was not only new but supported his views about the origin
of novelty in evolution - in this case, the evolution of sexual
dimorphism from a hermaphrodite. Second, his discovery of
the cementing apparatus of barnacles indicates how his evo-
lutionary views could generate new knowledge but also some-
times lead him astray.

Darwin’s discussion of the sexual systems of cirripedes
provides one of the clearest examples of how his transformist
views influenced his taxonomic decisions. One of the major
characters distinguishing cirripedes from other crustaceans
is hermaphroditism. Darwin’s discovery of rudimentary
males parasitic on the female in the genus /bla provided a
clear case of sexual dimorphism in barnacles. But his further
finding of minute complemental males attached to a her-
maphrodite in both Ibla and Scalpellum provided evidence
of incipient stages in the evolution of separate sexes. As
Darwin (1854, 29) noted, “In the series of facts now given,
we have one curious illustration more to the many already
known, how gradually nature changes from one condition to
the other, — in this case from bisexuality to unisexuality.” In
private, he boasted about this discovery to Hooker, “I never
sh?have made this out, had not my species theory convinced

me, that an hermaphrodite species must pass into a bisexual
species by insensibly small stages” (Darwin 1985-, 4:140, let-
ter to J. D. Hooker, 10 May 1848). Bolstered by this finding,

F1curE 7.6. Woodcut showing the external homologies of a stomatopod crustacean (above,
taken from Milne-Edwards) with a mature Lepas (below). As Darwin noted, externally a cirripede
consists of “the three anterior segments of the head of a Crustacean, with its anterior end per-
manently cemented to a surface of attachment, and with its posterior end projecting vertically
fromit.” From C. Darwin, 4 Monograph on the Sub-class Cirripedia, with Figures of All the Species.
The Lepadidae, or Pedunculated Cirripedes (London: Ray Society, 1852), 28

Darwin looked for similar relations in closely allied genera,
and he was duly rewarded by discovering separate sexes in
Alcippe. This influenced his decision to include this genus
within the same family as /bla and Scalpellum. Hence, his
evolutionary views led him to solve the problem of sexuality
in cirripedes (Fig. 7.7).

Darwin was not as fortunate in the interpretation he gave
to the discovery of the organs that served to transform a previ-
ously mobile barnacle larva into a state of permanent attach-
ment as an adult. Such a system was of particular interest to
him from a theoretical standpoint. Thomas Henry Huxley
(1825-95) noted that “a Barnacle is, in reality, a Crustacean
fixed by its head, and kicking the food into its mouth with its
legs” (1857, 238). Dissecting cirripede larvae in the last stage
of development prior to attachment to a host, Darwin (1852,
20) observed “two long, rather thick, gut-formed masses, into
the anterior ends of which the cement-ducts running from
the prehensile antennae could be traced.” He came to believe
that these were the incipient ovaria and cement glands of the
organism, and that the cementing apparatus was homologi-
cally equivalent to the ovarian tube. The case appeared to be
a striking instance of an organ that had been transformed to
perform a new function. Darwin (1854, 151-52) later ventured
to suggest the possible “evolution” of this organ system from
the ancestral crustacean:

To conclude with an hypothesis, - those naturalists who
believe that all gaps in the chain of nature would be filled
up, if the structure of every extinct and existing creature
were known, will readily admit, that Cirripedes were
once separated by scarcely sensible intervals from some
other, now unknown, Crustaceans. Should these inter-
vening forms ever be discovered, I imagine they would
prove to be Crustaceans, of not very low rank, with their
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F1cure 7.7. Scalpellum vulgare. Greatly magnified complemental male
attached to a hermaphrodite (fop). Adult magnified, with complemen-
tal males attached at “a” (bottom). From C. Darwin, A Monograph on the
Sub-class Cirripedia, with Figures of All the Species. The Lepadidae, or
Pedunculated Cirrypedes (London: Ray Society 1852), pl. V, figs. 9 and 15
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oviducts opening at or near their second pair of anten-
nae, and that their ova escaped, at a period of exuviation,
invested with an adhesive substance or tissue, which
served to cement them, together, probably, with the exu-
viae of the parent, to a supporting surface. In Cirripedes,
we may suppose the cementing apparatus to have been
retained; the parent herself, instead of the exuviae, being
cemented down, whereas the ova have come to escape by
anew and anomalous course.

Crisp (1983) pointed to Darwin’s interpretation of the cement
glands as an example in which evolutionary views erroneously
influenced his understanding of the phenomena. Certainly
he found it difficult to abandon this homology when it was
challenged by August David Krohn (1803-91) in 1859 (Krohn
1859). Although Darwin told Charles Lyell, “It is chiefly the
interpretation which I put on parts that is so wrong; & not the
part which I describe” (Darwin 1985-, 8:396, letter to C. Lyell,
28 [September 1860]), more than interpretation was involved.
This case provided his best evidence for descent with modi-
fication and was crucial to his picture of how the archetypal
cirripede had evolved from the ancestral crustacean.

This was not Darwin’s only blunder. The crustacean
he chose (from Milne-Edwards) turned out to be an inaccu-
rate representation of the homologies shared with adult cir-
ripedes, and he also included a form, Proteolepas, that was
later removed from the subclass (Newman 1987, 6; 1993).
Deutsch (2010) attributes Darwin’s errors to his reliance on
determining homology by reference to an ideal archetype. Yet
this classificatory system, along with his evolutionary mode of
reasoning, was, as we have seen, the foundation for the success
Darwin achieved with the barnacle monograph (Innes 2009,
76). Certainly, any errors in interpretation did not detract
from the ultimate value of his venture into cirripede systemat-
ics and biology.

In addition to its intrinsic value, the barnacle monograph
also provided key support for Darwin’s theory of evolution,
to which he returned on the very day the final volume went
to press. “The Cirripedes form a highly varying and difficult
group of species to class,” he noted in his Autobiography,
“and my work was of considerable use to me, when I had
to discuss in the Origin of Species the principles of a natu-
ral classification” (Darwin 1958, 118). Indeed, he frequently
drew upon cirripedes to illustrate points apart from the link
between systematics and descent with modification. One
example may suffice. Darwin had long regarded barnacles
as a challenge to his view of the value of cross-fertilization.
As hermaphrodites with their sexual organs sealed away in
a shell, barnacles appeared to be perpetually self-fertilizing.
Evidence to the contrary was slim, based solely on his hav-
ing “scrupulously examined a Balanus, which had had its
penis cut off & was imperforate, but in which the ova were
impregnated” (Darwin 1985-, 4:179, letter to J. L. R. Agassiz,
22 October 1848). After the barnacle monographs were
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published, Darwin learned about a naturalist “who watching
some shells, saw one protrude its long probosciformed penis,
& insert it in the shell of an adjoining individual! So here is a
load off my mind. -” (Darwin 1985-, 5:492, 496-97, letter to
A. Gray, 29 November [1857]). He mentioned this point in
Origin to support his view that intercrossing between indi-
viduals “gives vigour and fertility to the offspring” (Darwin
1859, 98, 101).

Interestingly, Darwin’s description of the sex lives of bar-
nacles not only was noted among naturalists but also entered
mid-nineteenth-century popular culture. The barnacle mono-
graphs encouraged the middle classes to visit the seaside as

a source of edification as well as pleasure. And the “cultural
life of barnacles” entered Victorian literature, most notably in
Charles Dickens’s (1812-70) Barnacle family in Lettle Dorrit
(J. Smith 2000). Sex in barnacles indeed continues to excite
attention today, part of a genre called “green pornography”
(Prairie Starfish Video Productions 2008; Sundance Channel
2009). And fascination with how Darwin’s seemingly obses-
sive quest to unravel the mystery surrounding one “ill-formed
little monster” discovered on a South American beach in 1835
could lead to a single-minded eight-year-long study of bar-
nacles continues to beguile scientists and writers to this day
(Quammen 1998; Stott 2003; Zelnio 2010).
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The Analogy between Artificial and

Natural Selection

Bert Theunissen

HE “PRINCIPLES OF domestication are important for us,” Charles Darwin

(1868b,3) wrotein his Variation of Animals and Plants under Domestication,

to illustrate “that the principle of Selection is all important” in producing
evolutionary change (Fig. 8.1). The work of breeders, he explained, might be seen as
“an experiment on a gigantic scale” that provided empirical support for his claims
about analogous processes in nature. For instance, centuries of artificial selection of
small heritable differences (variations) among domestic dogs had produced breeds
as different as the bulldog, the greyhound, and the spaniel, each of them specialized
to perform a specific task in the human household. In similar fashion, natural selec-
tion, by acting on the variations of wild animals and plants, had created the stunning
diversity of the living world, in which every species was characterized by adaptations
enabling it to survive and reproduce under the circumstances given by its natural
surroundings.

Historians and philosophers of science agree that the analogy between artifi-
cial and natural selection was a vital element of Darwin’s argument in the Origin of
Species (1859). Philosophers have argued that he deployed the analogy to show that
natural selection was a vera causa, a true cause, in nature. Darwin proceeded by argu-
ing, first, that domestic races can be produced by sustained selection of individual
variations. He then claimed that both these elements, the variations as well as selec-
tion, are also present in nature and can in an analogous way, on a much longer time
scale, produce new species (Waters 2003). There is some debate on how essential the
analogy really was (Ruse 1975a; Gayon 1998). Darwin (1859, 457-59) himself claimed
that, even without it, the available evidence spoke convincingly in favor of descent
with modification. Nevertheless, he made good use of the analogy in his effort to
structure the Origin as “one long argument,” as he called it.

Besides providing support for his evolutionary views, Darwin repeatedly pro-
fessed that his study of the stockbreeding literature had also been instrumental in
his discovery of the principle of natural selection. In 1859, in a letter to Wallace, he
wrote: “I came to conclusion that Selection was the principle of change from study of
domesticated productions; & then reading Malthus I saw at once how to apply this
principle” (Darwin 1985-, 7:279, 6 April 1859). His notebooks and correspondence
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F1Gure 8.1. The importance of animal breeding was well known, although not everyone took it quite as seriously as

did Darwin. Nineteenth-century lithograph

confirm that Darwin, after his return from the Beagle voyage
in 1836, began to read widely in the breeding literature. In
early 1838, for instance, he read two pamphlets written by the
breeding experts Sir John Sebright and John Wilkinson, and
in one of his notebooks he commented: “Whole art of mak-
ing varieties may be inferred from facts stated” (Barrett et al.
1987, C,133).

Historians differ, however, as to whether it was domestic
breeding or Malthus’s essay on population that provided the
crucial source of inspiration from which Darwin derived the
principle of natural selection. Although it has been argued that
it was precisely his reading of Malthus’s essay, in September
1838, that triggered Darwin’s full appreciation of the mecha-
nism of artificial selection (Herbert 1971), it seems undeniable
that Darwin’s knowledge of the breeding literature must have
prepared him for seeing the evolutionary implications that
might be derived from Malthus’s claim that more organisms
are always being produced than can survive, resulting in a
constant struggle for existence (Ruse 1975b).

Whatever the chronology of Darwin’s thinking, the idea
that his theory of evolution by natural selection sprung to life
one evening in September 1838 is, of course, a simplification
(Largent 2009a). Darwin may have conceived the basic idea
at that time, but he would continue to work on his theory

for some twenty years before he published it, and historians
have shown that his understanding of some of the theory’s
ramifications changed considerably during this period. Yet
little has been written until now about Darwin’s post-1838
thoughts on domestic breeding. The assumption seems to
be that, for Darwin, the matter was by and large settled after
he had grasped the analogy between artificial and natural
selection.

The situation was more complicated than this, how-
ever. Kenneth Waters (2003, 127) wrote that “Darwin lured
readers into his new ways of reasoning by introducing this
type of reasoning in the uncontroversial setting of breed-
ing techniques.” I aim to show that the setting was anything
but uncontroversial. It was only with considerable effort
that Darwin arrived at the interpretation of how domestic
varieties were produced that he presented in the Origin.
Moreover, he succeeded in establishing the analogy with
natural selection only by downplaying the importance of
two other breeding techniques - crossing of varieties and
inbreeding - that many breeders deemed essential to obtain
new breeds. These techniques are still routinely used today,
and this calls for a reconsideration of the widespread peda-
gogic use of the domestic analogy in popular expositions of
Darwin’s theory.
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Ficure 8.2. Sir John Saunders Sebright, seventh Baronet (1767-1846),
was one of the leading breeders of Darwin’s day. He discussed the workings
of selection in domestic breeding and in natural populations in a pamphlet
that Darwin read and annotated. Permission: David Spain

DOMESTIC BREEDING

An instructive starting point for exploring the development of
Darwin’s views on domestic breeding is provided by the two
pamphlets by cattle- and fowl-breeding experts Sebright and
Wilkinson that Darwin read in the spring of 1838 (Fig. 8.2). A
closer look at these works provides an overview of the main
issues that engaged breeders of domestic animals in the first
half of the nineteenth century.

The central theme of Sebright’s The Art of Improving the
Breeds of Domestic Animals (1809) was that sustained selec-
tion of small heritable differences from generation to genera-
tion was essential for successful breeding. First, selection was
indispensable to counteract the tendency of domestic variet-
ies to “degenerate.” Without selection, Sebright contended,
domesticates returned to their “unimproved” natural state or
developed more and more defects. Second, selection could be
used to enhance a breed’s desirable characteristics, such as
“the propensity to fatten in cattle, and the fine wool in sheep”
(5-6). Itis not clear whether Sebright believed that completely
new breeds might be created in this way; all he said was that
breeds could be greatly improved by selection. A second
important tool for the breeder was inbreeding. Here Sebright
referred to the impressive results achieved by Robert Bakewell,
the Leicestershire breeder whose pioneering experiments in
the late eighteenth century had provided the foundation for
a new approach to breeding. Sebright praised Bakewell for
having shown that inbreeding, provided it was combined with

sharp selection, did not necessarily lead to degeneration, as
had long been believed. Another important innovation that
Bakewell introduced was progeny testing, based on the idea
that the quality of breeding stock should ultimately be judged
on the basis of the performance of its offspring.

Without inbreeding, Sebright noted, “no one could have
been said to be possessed of a particular breed, good or bad”
(10). Because desirable new properties always appeared in just
one or a few animals, these individuals had to be bred among
themselves for some generations in order to “fix” the property
and thus to create a new breed. Sebright, however, warned
against very close inbreeding, as bad characteristics were
as effectively passed on by inbreeding as good ones. It was
sustained inbreeding that explained the tendency of domes-
tic varieties to degenerate, he believed. Therefore, constant
culling of animals with defects was needed, and even then an
occasional outcross with unrelated animals was needed for a
breed to retain its vigor. In nature it was through constant out-
crossing that degeneration was prevented.

Sebright sounded a cautionary note with respect to a third
breeding method: crossing of varieties. He did not object to
crossing per se. Breeders of English sheep breeds might safely
put Spanish Merino rams to their ewes in order to improve
fleece quality, for instance. The difficulties began when two
very different breeds were crossed with the objective of com-
bining the good properties of both in a new breed. The first
generation offspring of such a cross often looked “tolerable,”
yet it was “a breed that cannot be continued,” as the “mon-
grels” that were bred from the first generation reverted to
the parent breeds or were endowed with “the faults of both”
(17-19). Here Sebright was of course describing the phenom-
ena that would only in the early twentieth century be explained
as the result of Mendelian dominant-recessive relations and
recombination: the variability present in the parent stocks was
masked, to a certain extent, by dominance-recessive relations
in the first generation, while recombination brought this vari-
ability to full light in the second.

In his Remarks on the Improvement of Cattle (1820),
Wilkinson agreed that selection of heritable variations was a
powerful tool for the improvement of domestic breeds. He
even came close to stating that new breeds might be made
in this way: “The distinction indeed between some [animals
improved by selection] and their own particular variety, has
scarcely been less, than the distinction between that variety
and the whole species” (4-5).

Wilkinson did not share Sebright’s pessimistic view
of crossing though. He concurred that it was impossible to
combine the best properties of two breeds through crossing
without some unwanted ones also creeping in. Perfection
was unattainable, yet it did not follow that crossing was not
useful. As an example, Wilkinson mentioned the widespread
use of Shorthorn beef cattle for crossing purposes. Often, in
implementing such crosses, farmers had not wanted to lose
all the characteristics of their own breed and had created new,
intermediary ones. For instance, breeders of Alderney cattle,
a breed that produced extremely rich milk in small quantities,
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had used Shorthorns to obtain a new variety that produced
more (slightly less fat) milk and better meat.

Sebright and Wilkinson’s pamphlets thus convey the
main principles of the art of breeding as they spread rapidly
among well-informed breeders in the early 1800s. There was
still ample room for discussion though, as their writings also
make clear. Furthermore, successful breeding required expe-
rience and patience, and attempts to improve a breed often
ended in failure. Such experiences continued to fuel the dis-
cussion over breeding techniques.

In Britain, for instance, crossing with Merino rams was
tried on a wide scale around 1800, but most farmers soon
became disappointed with the results. Meat production was
important for them, and the Merino’s carcass quality was
poor. It proved impossible to create a crossed animal that
combined excellent meat production with superior fleece
quality. Yet many other domestic breeds were successfully
crossed with improved varieties. Besides Shorthorn cattle,
Bakewell’s renowned New Leicester sheep, bred for the pro-
duction of meat and fat, provides an example. The breed was
used widely for crossing, resulting not only in the improve-
ment of local strains but also in new breeds.

Inbreeding as a method for stock improvement remained
controversial too. Some breeders saw it as unnatural, and the
delicacy and impaired fertility of heavily inbred animals were
known to all farmers. Breeding expert William Youatt (1834,
525) wrote that while inbreeding had produced Bakewell’s
new breeds of cattle and sheep, continued inbreeding had
been the cause of their subsequent deterioration.

Darwin was aware of these discussions. In 1839, for
instance, he distributed a list of “Questions about the
Breeding of Animals” among breeding experts, and the two
known respondents to this questionnaire pointed out the ins
and outs of crossing and inbreeding in detail to him.

DARWIN ON DOMESTIC BREEDING

It will be clear by now that breeding practices were more
diverse and complicated than can be gleaned from Darwin’s
Origin, which presents selection of heritable variations as
the predominant method used by stockbreeders. In an ear-
lier attempt at committing his evolutionary thoughts to paper,
however, Darwin acknowledged the role of crossing in breed-
ing practices. In a manuscript known as the “Essay of 1844,”
he wrote:

When once two or more races are formed ... their cross-
ing becomes a most copious source of new races. When
two well-marked races are crossed the offspring in the
first generation take more or less after either parent or
are quite intermediate between them, or rarely assume
characters in some degree new. In the second and several
succeeding generations, the offspring are generally found
to vary exceedingly. ... Much careful selection is requisite
to make intermediate or new permanent races: neverthe-
less crossing has been a most powerful engine, especially
with plants. (Darwin 1909, 68-69).

Where animals were concerned, Darwin added a res-
ervation, echoing Sebright’s view that “the most skil-
ful agriculturalists now greatly prefer careful selection
from a well-established breed, rather than from uncertain
cross-bred stocks” (69).

The “Essay of 1844” was published after Darwin’s death
by his son Francis, and in a footnote to the passages just
quoted, the latter remarked: “The effects of crossing is much
more strongly stated here than in the Origin ... where indeed
the opposite point of view is given.” The passage in the Origin
Francis referred to reads:

Moreover, the possibility of making distinct races by
crossing has been greatly exaggerated. There can be no
doubt that a race may be modified by occasional crosses,
if aided by the careful selection ... but that a race could
be obtained nearly intermediate between two extremely
different races or species, I can hardly believe.... The
offspring from the first cross between two pure breeds is
tolerably and sometimes (as I have found with pigeons)
extremely uniform ... ; but when these mongrels are
crossed one with another for several generations, hardly
two of them will be alike, and then the extreme difficulty,
or rather utter hopelessness, of the task becomes appar-
ent. Certainly, a breed intermediate between fwo very
distinct breeds could not be got without extreme care
and long-continued selection; nor can I find a single case
on record of a permanent race having been thus formed.
(Darwin 1859, 20)

Further on, Darwin added that “all the best breeders are
strongly opposed to [crossing], except sometimes amongst
closely allied sub-breeds” (31-32).

Thus, in the Origin, Darwin downplayed the role of
crossing. He did not mention the many crosses involving cat-
tle, horses, and sheep, which according to Wilkinson, Youatt,
and other authors had resulted in the creation of new, inter-
mediary breeds. Concluding the chapter on variation under
domestication in the Origin, Darwin (1859, 43) repeated that
“the importance of the crossing of varieties has, I believe, been
greatly exaggerated.”

Whereas he still saw a significant role for crossing in the
“Essay of 1844,” Darwin presented inbreeding as a purely
detrimental technique in the essay as well as in the Origin.
In the essay he stated that “injurious consequences follow
from long-continued close interbreeding in the same family”
(1909, 70-71), and in the Origin he repeated this verdict in
various formulations. There was no mention of Bakewell and
other breeders’ positive evaluations of the method as a tool
for fixing varieties. Darwin (1859, 43) was adamant that it was
selection that was “by far the predominant Power” in creating
varieties.

Commenting upon his father’s changing appreciation of
crossing, Francis Darwin speculated: “His change of opinion
may be due to his work on pigeons” (Darwin 1909, 68). He
was right.

%91 ¥



BERT THEUNISSEN

F1cure 8.3. Darwin began to study fancy pigeons in 1855, and they would figure strongly in his

discussion of artificial selection in the Origin. Nineteenth-century lithograph

FANCY PIGEONS

In England, pigeon clubs arose in the eighteenth century
(Secord 1981, 1985). By 1850, the fancy had become part of an
excited movement for poultry improvement. Darwin took up
pigeon breeding as a case study of domestication in 1855 and
had a pigeon house built in his garden. He became a member
of two pigeon clubs and attended poultry and pigeon shows
(Fig. 8.3).

The shows and breed competitions organized by the soci-
eties enabled the fanciers to test their breeding skills. The
main pigeon breeds had been in existence since the early eigh-
teenth century at the latest. A century later their conformation
and characteristic properties had been set down in detail in
standards of excellence that were employed by show judges to
assess an animal’s merit. Understandably, breed constancy or
“purity” was of the utmost importance to the breeders. A fan-
cier who bought an expensive bird bred from prize-winning
stock expected it to breed true, that is, to beget offspring that
approached the breed standard as closely as possible. As
poultry journalist William Tegetmeier (1854, 32), Darwin’s
main adviser on pigeons, explained in his Profitable Poultry,
crossbreds were “worthless for stock purposes, as they do not
breed true to any particular character.”

Darwin himself provided a splendid example of the indig-
nation that the surreptitious use of crossing aroused among
fanciers. In a letter to Huxley dated 27 November 1859, he
wrote:

For instance I sat one evening in a gin-palace in the
Borough amongst a set of Pigeon-fanciers, - when it was
hinted that M* Bult had crossed his Powters with Runts
to gain size; & if you had seen the solemn, the myste-
rious & awful shakes of the head which all the fanciers
gave at this scandalous proceeding, you would have

recognised how little crossing has had to
do with improving breeds, & how dan-
gerous for endless generations the process
was. (Darwin 1985-, 7:404)

Evidently Darwin accepted the fanciers’
protestations of their abhorrence of cross-
ing as truthful. With respect to inbreeding,
he probably took Tegetmeier (1854, 18,24) as
his guide, who warned his readers that close
inbreeding for more than a few generations,
while it might help to preserve special char-
acteristics, resulted in “diseased and weakly
offspring.”

Darwin’s willingness to attach credit to
these breeding experts rather than others
is understandable: pigeons were his prime
example of the power of artificial selection
in the Origin - he devoted nine of the chap-
ter on domestication’s thirty-six pages to
them - and if crossing and inbreeding had
been unimportant, it was selection alone that
had been responsible for the creation of such
spectacularly different varieties as the Tumbler, the Pouter,
the Jacobin, and the Runt, out of a single wild ancestor, the
rock pigeon. (The fact that the rock pigeon could plausibly
be argued to have been the only wild ancestor had induced
Darwin to choose domestic pigeons for his special study.)

Evidence that crossing of varieties had played a role in the
original creation of the main pigeon breeds was not entirely
lacking though. Several examples were given in 4 Treatise on
Domestic Pigeons published in 1765, a book that Darwin had
read. It should be added, however, that nothing conclusive
was known about the origin of the main pigeon varieties. In
this respect, pigeons were no different from most other domes-
tic breeds, because public record keeping by means of stud
books and pedigrees did not develop until the late eighteenth
century. Being buried in mystery, the origin of most domesti-
cates could not plead against Darwin’s view that crossing had
been unimportant (Alter 2007c). In Darwin’s own words:

All that we know, and, in a still stronger degree, all that
we do not know, of the history of the great majority of our
breeds, even of our more modern breeds, agrees with the
view that their production, through the action of uncon-
scious and methodical selection, has been almost insen-
sibly slow. (1868b, 2:244)

The reason was that “the chance will be infinitely small of
any record having been preserved of such slow, varying, and
insensible changes” (1859, 40).

For a proper understanding of Darwin’s perception of
breeding practices, it is also important to realize that he was
not an experienced breeder. He studied pigeons for some
three years, from 1855 until 1858, whereas becoming an expe-
rienced practical breeder takes the better part of a lifetime.
Obviously Darwin’s incursion into pigeon breeding was too
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short to demonstrate the power of selection or to establish
whether artificial selection could create new varieties. Nor did
Darwin have the same intentions as the regular pigeon fancier,
whose aim it was to breed animals that approached the ideal
standard. Darwin was interested in different questions, such
as the interfertility of the breeds and the appearance of rever-
sions to the ancestral rock pigeon in crossed animals (which
supported his claim of their common descent). For informa-
tion on breeding methods, he could not but rely on the spe-
cialist literature and the breeders’ testimonies, meaning that
he constantly had to weigh the often contradictory evidence.

He demonstrably struggled with the information thus
obtained. For instance, in the letter to Huxley mentioned ear-
lier he wrote:

I have picked up most by reading really numberless spe-
cial treatises & all Agricultural & Horticultural Journals;
but it is work of long years. The difficulty is to know what
to trust. No one or two statements are worth a farthing, -
the facts are so complicated.

The matter of “what to trust” was a recurrent issue in his cor-
respondence. For instance, in a letter to Tegetmeier, he asked:
“Can you tell me what sort of man Ferguson the author of a
Poultry Book is? Has he had much experience? Is he honest?”
And to Hooker he wrote: “Thanks about Beaton.... I can
plainly see that he is not to be trusted. He does not well know
his own subject of crossing” (Darwin 1985-, 9:38, Darwin to
Tegetmeier, 25 February 1861; 9:127, Darwin to Hooker, 14
May 1861). What Darwin presented in the Origin reflects the
decision he had made with respect to “what to trust”: he had
decided to trust the pigeon fanciers, whose personal testimo-
nies were fresh in his mind and fully supported the analogy
between artificial and natural selection.

Darwin did not leave it at this, however; his grappling
with the evidence continued. After 1859 he came across new
evidence for successful variety crossing, and in his Variation
(1868) he felt compelled to slightly shift his position. He con-
ceded that breeding from mongrels was not as impracticable
as he had suggested in the Origin. And he now also accepted
that domestic races had often been intentionally modified by
one or two crosses. Yet Darwin did not fundamentally change
his mind on the importance of crossing. He remained con-
vinced that only a small number of breeds owed their origin
to crosses. It was a technique, moreover, that breeders had
mastered only recently. Not until some three-quarters of a
century ago had they begun consciously and “methodically,”
with a specific goal in mind, to modify their breeds, Darwin
believed. Before that time they had not worked methodically
but “unconsciously,” merely selecting what seemed to be the
best animals for the propagation of their breeds, without aim-
ing to change them in any particular way (1859, 33-37).

In the Variation, Darwin suggested that the main breeds of
domesticates had a long history and might have been in exis-
tence for thousands of years. He acknowledged that inbreed-
ing might help preserve desirable characters, yet he could not
believe that a procedure that affected the fertility and vigor

of breeding stock would have played a significant part in the
production of the immense variety of domestic breeds. At the
end of the book, selection was again presented as the principal
method, working slowly over thousands of generations.

DARWIN’S “ENDURING ANALOGY”

Darwin was familiar with the written sources on breeding dis-
cussed so far,and he used or could have used them to shore up
his rendering of breeding practices in the Origin. Historians
of animal husbandry and domestic breeding have in recent
decades gathered much more information on breeding meth-
ods in the eighteenth and nineteenth centuries that Darwin
may not have been familiar with (e.g., Trow-Smith 1957, 1959;
N. Russell 1986; Wood and Orel 2001; Derry 2003). Their
studies confirm that crossing and inbreeding were very much
part of the new breeding practices that were developed in
the late eighteenth century. Experienced breeders knew that
the judicious combination of crossing (which produced new
combinations of properties), inbreeding (which helped to fix
desirable ones), and selection provided the key to success. An
example is the creation of the Thoroughbred in the eighteenth
century. This horse breed, which now represents the epit-
ome of a purebred race, was actually a product of prolonged
cross-breeding, combined with inbreeding and selection, of
Arabians with British breeds.

What was new here was the intention to create breeds
that conformed to well-defined standards. There were very
few such breeds before the nineteenth century. Contrary to
what Darwin believed, most breeds were not of ancient origin.
Horses, cattle, sheep, pigs, and fowl were kept in highly vari-
able local strains, which their owners saw no need to breed
according to accepted standards. There were no standards;
utility was all that mattered. For the same reason, breeders felt
no qualms about mixing strains, and they introduced animals
from other regions or from abroad whenever they saw fit.

For the pioneers of the breed improvement movement that
started in the late eighteenth century, finding ways to reduce
the variability of local strains and the concomitant unpredict-
ability of their performance was the main challenge. Thus it
was to obtain more uniformity that Bakewell used inbreed-
ing and selection. He probably started his experiments with
a highly variable group of animals, possibly different strains,
which he crossed until some individuals appeared that com-
bined the characteristics he was looking for. By breeding
these in and in, in combination with scrupulous selection,
he obtained animals in which all the desired characters were
fixed.

As the ideal of uniformity gained prominence in the course
of the nineteenth century, breeders became increasingly reluc-
tant to acknowledge their use of crossing, as it might raise the
suspicion that their seemingly uniform animals were of mixed
origin and would therefore produce variable offspring. The
pigeon breeders whom Darwin met at the gin-palace provide
an example of such secretiveness. When shows became popu-
lar in the mid-nineteenth century, the purity of established
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breeds became sacrosanct. Purity implied quality, and com-
promising it became an offense. Standards and stud books
had to provide the guarantees that buyers now demanded of
the purity of their acquisitions.

Against this background we can better understand the
difficulties of interpretation that Darwin faced. Crossing
and inbreeding were recommended by some experts and
condemned by others, while still others played down or
denied their use. It is also clear what made the fancy pigeons
different from sheep, pigs, and other utility breeds. They
were exceptional in that the main breeds had been in exis-
tence and well defined for a comparatively long time. When
Darwin entered the fancy, the cult of purity and uniformity
had been in place for about a century. While breeders of util-
ity stock were still improving their local strains by means of
crosses, Darwin dwelled in circles of fancy pigeon breeders
for whom cross-breeding was anathema - or at least couldn’t
bear the light of day - and who professed that their breeds
had a long history of pure descent. Assuming that what was
true for pigeons was true for all major breeds, and project-
ing his reading of contemporary pigeon breeding back onto
the past, Darwin concluded that it was sustained selection of
small variations that must have created them.

Darwin’s deepest thoughts on breeding methods remain
inaccessible to us, yet it seems safe to conclude that he
devised an interpretation of breeding practices that tried to
make the best of the evidence at his disposal while it suited
his purposes at the same time. Whereas Darwin professed
that he derived the idea of natural section from his study of
domesticates, my analysis suggests that the reverse was also
true. It was his understanding of natural selection that guided
the interpretation of breeding practices that Darwin would
ultimately present in the Origin. The years he associated

with pigeon breeders were of crucial importance for this
interpretation.

To this day, Darwin’s analogy figures prominently in text-
books and popular works. Even biologists still seem to think
that Darwin was basically correct in thinking that it is artifi-
cial selection that produces domestic breeds. Yet the practi-
cal realities of breeding domesticates do not merely revolve
around selection. Breeders still use inbreeding to preserve
and enhance desirable properties, and some of them ignore
the dangers of taking this too far - the dire consequences of
unrestrained inbreeding in popular dog breeds immediately
spring to mind. New breeds, fancy varieties as well as utility
breeds, are still routinely made by means of the techniques
of crossing, inbreeding, and selection. The sheer number
and diversity of new domestic varieties that have been cre-
ated over the past two hundred years suffice to realize that
breeders must possess much faster means of producing novel
races than mere selection of small chance variations. Crossing
produces variation by recombination, and inbreeding and
selection help to curb it, so that only the desirable properties
remain. Thus a new breed can be created in a restricted num-
ber of generations.

Domestic breeding can still be said to illustrate the power
of selection, for artificial selection is one of its essential tools.
Yet it is not the only one. Darwin’s analogy between the
production of domestic varieties and species formation in
nature belongs to the past and should not be used by modern
teachers and popularizers to explain the workings of evolu-

tionary theory.
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The Origin of Species

Michael Ruse

N HIS AUT0BIOGRAPHY, written toward the end of his life, Darwin (1958a, 140)

wrote that the Origin consists of “one long argument.” Let us start there. The

argument came in three main parts. In a letter written a year or two after the
Origin was first published, Darwin outlined his strategy (Fig. 9.1).

In fact the belief in natural selection must at present be grounded entirely on
general considerations. (1) on its being a vera causa, from the struggle for exis-
tence; & the certain geological fact that species do somehow change (2) from the
analogy of change under domestication by man’s selection. (3) & chiefly from
this view connecting under an intelligible point of view a host of facts. (Darwin
1085, 11:433, letter to George Bentham, 22 May 1863)

Note Darwin’s use of the term “vera causa.” Verae causae, or “true causes,” were
things insisted upon by Isaac Newton, a demand endorsed by those writing on sci-
ence 1n Britain in the 1830s. This was just the time when Darwin was thinking cre-
atively about evolution, and it is clear that the young scientist took the exhortation
to heart. He wanted to produce an evolutionary theory that would live up to the
standards of the best science, meaning the best Newtonian science.

Darwin’s authorities, notably the astronomer John F. W. Herschel and the histo-
rian and philosopher of science William Whewell, agreed that the best kind of science
1s based on nature’s laws, and that these laws must be shown to be interconnected in
an axiom system — premises (which in the case of science make reference to causes)
and deduced theorems (Figs. 9.2 and 9.3). In the Newtonian system, we start with
the laws of motion and the law incorporating the vera causa of gravitational attrac-
tion, and then from these follow other laws, about the motions of objects down here
on earth and up there in the heavens. But how exactly does one know that one has a
true cause? Herschel, who was somewhat of an empiricist, inclined to think that the
best evidence is analogical. One experiences a cause oneself - his example was the
pull on a piece of string, as one whirls a stone around one’s finger — and so one has
analogical evidence of the forces of nature - the force pulling the moon in toward the
earth as it goes in circles. Whewell was more of a rationalist, inclined to think that
the best evidence is incorporated in what he called a “consilience of inductions.”

% 95 ¥



MicHAEL RUSE

Fact of Evolution
caused by natural
selection

Change

wrought

by artificial

selection
-

LS

desirable. In other words, artificial selec-
tion produces organisms that are adapted to
our needs or our fancies. They are explic-
itly designed to our interests. Of sheep: “It
would seem as if they had chalked out upon
a wall a form perfect in itself, and then had
given it existence” (1859, 31). Also important
1s the fact that selection can, as it were, go on
under the radar. “Methodological selection”
is selection done consciously with respect to

some desired end. However, selection can
and does produce changes that we do not
necessarily intend. Continued change (or
even trying to keep things stable) makes for
inadvertent differences, so that later forms

Instinct Paleontology Geographical Classification

Distribution

Morphology

F1GURE 9.1. A diagram showing the three parts of the Origin: the analogy with artificial selec-

tion, the arguments to natural selection, and the consilience

As in a court of law, one appeals to a wide range of evidence
or clues, explaining it through some central cause (“the butler
did it”), and then conversely the cause is supported by the
evidence. It is a true cause.

We see all three of these points in the letter to Bentham.
There is the demand that one put one’s cause into a law
network; there is the call for a consilience; and there is the
demand for an analogy. It is through these requirements that
we can understand the argument of the Origin.

ARTIFICIAL SELECTION (CHAPTER 1)

The Origin opens with the analogy from artificial selection.
Whether or not Darwin actually used this analogy in his route
to discovery, he intended it in the Origin to open the way to
natural selection. He wanted to make what goes on in the nat-
ural world plausible from the successes of the human world,
the world of breeders of animals and plants. It was by no
means obvious that Darwin should have used such an anal-
ogy. Most people around the middle of the nineteenth century
thought that, if anything, breeding and artificial selection dis-
prove evolution. Supposedly, you never get lasting changes in
the human world. Alfred Russel Wallace believed this, and the
first part of Wallace’s essay (the one he sent to Darwin in 1858)
argued that the human world has no relevance to the natural
world. Darwin disagreed. Partly on the basis of his superior
knowledge of the successes of breeders and partly driven by
his need to satisfy the empiricist requirement for a vera causa,
he made much of the world of breeding. Above all, he argued
that, from the lowly rock pigeon, breeders have been able to
produce the wide variety of fancy pigeon forms that we see
today. There is virtually no feature left untouched, no possible
form not created.

Darwin did not introduce breeding merely to suggest
the possibility of change. It was change of a particular kind,
namely toward the production of features that humans find

embroyology  are different from earlier forms, and groups
separated simply verge away from each other.
“Unconscious selection” thus changes the
forms of organisms quite without our knowl-
edge or desire. Obviously, by pointing this
out, Darwin intended to prepare the way
yet more strongly for a natural form of selection. Differential
reproduction can have cumulative effects even without intel-

ligent forethought.

NATURAL SELECTION (CHAPTERS 2-5)

The way prepared, Darwin was now ready to start the argu-
ment for the main mechanism of natural selection. First he had
to convince the reader that there is widespread variation in the
natural world. Without this, obviously no sustained change
would be possible. He therefore ranged widely over the world
of animals and plants showing that, whenever organisms are
looked at in any detail, they exhibit a great deal of variation.
Darwin always believed this, but no doubt his extended study
of barnacles confirmed his conviction that no two forms are
ever exactly identical.

Now came the two crucial chapters. First, Darwin
argued that there is always an ongoing struggle for existence.
Population pressures put everything under a strain.

A struggle for existence inevitably follows from the high
rate at which all organic beings tend to increase. Every
being, which during its natural lifetime produces sev-
eral eggs or seeds, must suffer destruction during some
period of its life, and during some season or occasional
year, otherwise, on the principle of geometrical increase,
its numbers would quickly become so inordinately great
that no country could support the product. Hence, as
more individuals are produced than can possibly sur-
vive, there must in every case be a struggle for existence,
either one individual with another of the same species,
or with the individuals of distinct species, or with the
physical conditions of life. It is the doctrine of Malthus
applied with manifold force to the whole animal and
vegetable kingdoms; for in this case there can be no arti-
ficial increase of food, and no prudential restraint from
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marriage. Although some species may be increasing,
more or less rapidly, in numbers, all cannot do so, for the
world would not hold them. (63-64)

And so to natural selection. With the struggle, with varia-
tions, a differential survival and reproduction follow
automatically.

How will the struggle for existence ... act in regard
to variation? Can the principle of selection, which we
have seen is so potent in the hands of man, apply in
nature? I think we shall see that it can act most effectu-
ally. Let it be borne in mind in what an endless number
of strange peculiarities our domestic productions, and,
in a lesser degree, those under nature, vary; and how
strong the hereditary tendency is.... Can it, then, be
thought improbable, seeing that variations useful to
man have undoubtedly occurred, that other variations
useful in some way to each being in the great and com-
plex battle oflife, should sometimes occur in the course
of thousands of generations? If such do occur, can we
doubt (remembering that many more individuals are
born than can possibly survive) that individuals having
any advantage, however slight, over others, would have
the best chance of surviving and of procreating their
kind? On the other hand, we may feel sure that any
variation in the least degree injurious would be rigidly
destroyed. This preservation of favourable variations

and the rejection of injurious variations, I call Natural
Selection. (80-81)

F1Gure 9.2. John F. W. Herschel (1792-1871), astronomer and philosopher
of science, inspired Darwin toward a life of science. Permission: Wellcome

Ficure 9.3. William Whewell (1794-1866), Victorian polymath, was
instrumental in launching Darwin on his career as a scientist and provided
the key methodological principle of a “consilience of inductions.” From
Mors. Stair Douglas, Life and Selections from the Correspondence of William
Whewell (London: Kegan Paul, 1881)

One can hardly say that anything here is particularly formal.
However, Darwin was trying as much as possible to offer a law
network as demanded by his philosophical mentors. Natural
selection is to have the same role as Newtonian gravitation.
It 1s the true cause from which all else stems. Moreover, as
with artificial selection, it does not simply bring on change;
it works in a particular direction. It makes for design-like fea-
tures: adaptations.

Along with natural selection, Darwin introduced his sub-
sidiary mechanism of sexual selection. He divided this into
two kinds: sexual selection brought about by male combat
and sexual selection brought about by female choice. The for-
mer produces such things as the antlers of deer and the latter
such things as the remarkable tail feathers of some species of
bird. It was made clear that the division between natural selec-
tion and sexual selection was based on the different intents
of human breeders. Some breed for profit, for such things as
fleshier cattle and shaggier sheep, and others breed for plea-
sure, for such things as more vicious fighting cocks and more
beautiful birds.

With natural and sexual selection introduced, one might
have thought that Darwin would have entered into an extended
exposition of these mechanisms in action. You would be dis-
appointed. The treatment is brief and almost entirely hypo-
thetical, with but one quick, casual reference to the possibility
of selection working on wolves in parts of the United States.
Why was this most crucial discussion virtually nonexistent?
Almost certainly because Darwin thought that no direct evi-
dence could be given. “That natural selection will always act
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with extreme slowness, I fully admit” (108). You simply can-
not and do not see selection in action.

More positively, there was another important piece of the
picture to be colored in: the principle of divergence. Why do
we have so many different forms of organism? Why the range
and variety? As is his wont throughout the Origin, Darwin
introduced the topic by reference to human activity. We aim for
distinct forms because they speak to our different needs and
whims. The same is true in nature: “[ T'The more diversified the
descendants from any one species become in structure, con-
stitution, and habits, by so much will they be better enabled
to seize on many and widely diversified places in the polity
of nature, and so be enabled to increase in numbers” (112).
Darwin admitted fully that he saw this divergence explained
thanks to one of his favorite metaphors, the division oflabor. As
appreciated fully by the grandson of one of the greatest heroes
of the Industrial Revolution, you get more for your money if
different people or things do different tasks. “The advantage
of diversification in the inhabitants of the same region is, in
fact, the same as that of the physiological division of labour in
the organs of the same individual body” (115). Different forms,
each with its specialized adaptations, occupy different niches,
each with its specialized needs. Thus, thanks to natural selec-
tion, the world bears more than it would if every organism were
fitted (less efficiently) for every niche. And so, given time, we
get the incredible range of forms found on this earth, past and
present: “As buds give rise by growth to fresh buds, and these,
if vigorous, branch out and overtop on all sides many a feebler
branch, so by generation I believe it has been with the great
Tree of Life, which fills with its dead and broken branches the
crust of the earth, and covers the surface with its ever branch-
ing and beautiful ramifications” (130).

Obviously selection cannot work unless there is some
way in which advantageous features can be passed on down
through the generations. Completing this part of the argu-
ment, therefore, Darwin turned naturally to a discussion of
heredity and the laws that govern it. He admitted that he was
somewhat at sea on this issue because neither he nor anyone
else had any real understanding of the underlying principles.
We therefore get something of a hodgepodge of possible
causes of new variations and the ways in which they get passed
on from one generation to the next. It is worth noting that
Darwin always subscribed to a form of what is now known as
Lamarckism, that is to say the inheritance of acquired charac-
teristics. Although it was always very much secondary to natu-
ral selection, there is evidence to suggest that, in later editions
of the Origin, this supposed mechanism became more impor-
tant. Overall, from today’s perspective, we see a mix of ideas
(like Lamarckism) that today we would reject, ideas that today
seem important (such as the way in which features can van-
ish for several generations and then reappear), ideas that are
in the thick of discussion today (like correlations of growth),
and more. Darwin did not take the issue of heredity casually,
but - as he himself would have been the first to admit - what
he offered were more problems for the future than solutions
for today.

DIFFICULTIES (CHAPTER 6)

Darwin now took some time out from the main argument of
the book to talk about some of the difficulties the might have
occurred to the reader thus far. Why, for instance, do we rarely
see in the fossil record transitional forms between organisms?
The imperfection of the record (to be discussed shortly) is
one factor, but another is that transitional forms tend to be
short-lived, being quite literally neither fish nor fowl. They
had to be adapted - otherwise they would have been wiped
out completely - but it does not follow that they were par-
ticularly well adapted and long lasting. Probably Darwin had
Cuvier in mind here with the insistence that transitional forms
are impossible. Darwin thought them possible, but he agreed
they would not be very stable. Note incidentally that although
Darwin necessarily believed that evolution is smooth, in the
sense that you go imperceptibly from one form to another
(else adaptive focus is lost), he recognized that it could go in
fits and spurts.

What about very complex and sophisticated organs like
the eye? Could selection possibly have produced them?
Darwin took a strategy that is still favored by evolutionists
today. He argued that even if the fossil record does not show
gradation from simple to complex, among living organisms
we find a gradation from the simplest to the most complex.
Why therefore should one not have had a similar gradation
through time?

What about characteristics that seem to have little purpose
or function? Darwin made it clear that there may indeed be
many features with little purpose or function, the by-products
of growth and so forth, or the legacy of the past. But we should
be wary of saying that anything absolutely has no function,
because later we could be shown wrong. What was empha-
sized was that nothing occurs except for the good of the
individual. Members of other species might take advantage
of features, but selection does not produce features for other
species. Implicit here obviously was the counter to a nonnatu-
ralistic account of origins, which might well have the good of
the whole foremost.

Finally, Darwin took advantage of this part of his discus-
sion to give his opinion on a matter that has divided biologists
from the time of Aristotle down to the present: form versus
function.

It is generally acknowledged that all organic beings have
been formed on two great laws — Unity of Type, and the
Conditions of Existence. By unity of type is meant that
fundamental agreement in structure, which we see in
organic beings of the same class, and which is quite inde-
pendent of their habits oflife. On my theory, unity of type
is explained by unity of descent. The expression of con-
ditions of existence, so often insisted on by the illustrious
Cuvier, is fully embraced by the principle of natural selec-
tion. For natural selection acts by either now adapting the
varying parts of each being to its organic and inorganic
conditions of life; or by having adapted them during
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long-past periods of time: the adaptations being aided in
some cases by use and disuse, being slightly affected by
the direct action of the external conditions of life, and
being in all cases subjected to the several laws of growth.
Hence, in fact, the law of the Conditions of Existence is
the higher law; as it includes, through the inheritance of
former adaptations, that of Unity of Type. (206)

INSTINCT AND HYBRIDISM
(CHAPTERS 7, 8)

Darwin himself considered the discussion of instinct and
hybridism to be more about the theory’s difficulties, but
already he was starting to segue into the third part of his argu-
ment, the consilience of the whole of the life sciences. This
1s especially so of the discussion of instinct, which illustrates
well Darwin’s method of discussion - detailed reference to
the work of others, discussion of his own work and findings,
and all wrapped up under evolution through selection. It is
clear that instinct is not some add-on topic but something that
Darwin saw as a vital part of the animal world and demand-
ing explanation. Instincts can be as important in survival
and reproduction as physical characteristics. They must be
the product of natural selection. Ranging across organisms,
Darwin looked briefly at cuckoos laying eggs in the nests
of others, at the slave-making instincts of ants, and at the
cell-making abilities of the honey bee. Darwin accepted fully
the idea of what Richard Dawkins has labeled an “extended
phenotype,” namely that an adaptation does not necessarily
have to be part of the organism itself but can be something
produced by the organism — as the honeycomb - of benefit to
the organism. In the case of the comb, the technique of expla-
nation followed that offered earlier of the eye - it is indeed
very complex (Darwin went to some effort to show thatitisa
marvelous adaptation using the wax very economically), but
comb building could readily have come in some stages, as is
shown by the less efficient abilities of other bees (the humble
bee, for instance) existing today.

Darwin was much interested in the sterility that one finds
in insect nests. He did not think the actual production of ste-
rility was a major problem, but obviously it was a challenge as
to how it could come through natural selection. One could
hardly say that the more sterile a worker, the more offspring it
has in the struggle. Drawing as so often on the human-world
analogy, Darwin pointed out that breeders can produce fea-
tures in organisms that never themselves breed, by going back
to the family and selecting at that level: “[A] well-flavoured
vegetable is cooked, and the individual is destroyed; but the
horticulturist sows seeds of the same stock, and confidently
expects to get nearly the same variety; breeders of cattle
wish the flesh and fat to be well marbled together; the animal
has been slaughtered, but the breeder goes with confidence
to the same family” (237-38). Likewise in nature. A nest of
related individuals in some sense functions as an individual,
and selection can have its way: “[A] slight modification of
structure, or instinct, correlated with the sterile condition of

certain members of the community, has been advantageous to
the community: consequently the fertile males and females of
the same community flourished, and transmitted to their fer-
tile offspring a tendency to produce sterile members having
the same modification” (238).

Following on instinct comes a chapter on hybridization,
where again the matter of sterility is a central issue. It is inter-
esting to note that Darwin was reluctant to say that the sterility
of hybrids is a direct function of natural selection. This was
the assumption of Wallace. He argued that it was better for
species that hybrids be sterile because hybrids are probably
not that efficient and would be taking up resources needed by
full species members. Darwin differed, arguing that the results
of hybridization are all over the place, from fertility to steril-
ity, and so no general rule could be pronounced. He offered a
simple physiological explanation, namely that sterility simply
comes from the breakdown of the unification of two separate
systems. But (as became clear in later correspondence with
Wallace) underlying his surface argument was Darwin’s belief
that it could not be of value to individual organisms to pro-
duce sterile offspring, even though it might be of benefit to the
groups to which they belong. Selection of benefit to a family, a
group of related individuals, was one thing. Selection of ben-
efit to a species was another.

THE CONSILIENCE (CHAPTERS 9-13)

Darwin now started to move right into the overall sweep
through the life sciences. He turned first to the fossil record.
His discussion here was divided into two, with the first part
overlapping somewhat with the immediately previous dis-
cussion, in that it was still dealing with problems. This was
almost forced upon him, because one of the biggest arguments
at that time used against evolution was that there seemed to
be no transitional forms in the record. Picking up on and
continuing earlier argument, Darwin therefore devoted some
effort to showing that the record is highly incomplete and
that the absence of intermediates is almost to be expected
rather than otherwise. Darwin did also take the opportu-
nity to do some rather innovative thinking about absolute
time. He argued that from the rate of the denudation of the
Weald (the area between the North and South Downs south
of London), one can calculate the time since it first started
to be eroded away. He put the figure at around 300 million
years. As it happens, he was severely criticized by the geolo-
gists for this calculation and removed it from later editions of
the Origin. But it does give some indication of the very large
time scale Darwin thought needed for the evolution of organ-
isms here on earth.

Darwin then turned more positively to the fossil record
and why it supports a theory such as he was proposing. Most
significantly, the further down the record (hence the older) the
more difference there is from modern forms. And the older
forms are frequently intermediate in some sense between quite
different modern forms. “It is a common belief that the more
ancient a form is, by so much the more it tends to connect by
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F1GURE 9.4. A depiction of the fossil record as known at the time of the
Origin. From R. Owen, Paleontology, 2nd ed. (Edinburgh: Black, 1861)

some ofits characters groups now widely separated from each
other”(330). Having given some examples, Darwin agreed
that “there is some truth in the remark” (340). Obviously, it
follows given natural selection and is “wholly inexplicable
on any other view” (342). What about progress, from simple
to complex? There seems to be something to this, and again
selection explains it. It is a tricky topic: “But in one particular
sense the more recent forms must, on my theory, be higher

than the more ancient; for each new species is formed by hav-
ing had some advantage in the struggle for life over other and
preceding forms” (336-37) (see fig. 9.4).

There is also the case of the embryos. Anticipating
years of phylogeny tracing using Haeckel’s “biogenetic
law,” Darwin agreed that ancient forms often look like the
embryos of modern forms. This is readily explicable by evo-
lution through natural selection, if we suppose that evolu-
tion through time often involves adding on new stages to
animal development - the older forms are unchanged and
hence (because adult is like embryo) seem embryonic by
today’s standards.

Chapters on the geographical distribution of organisms
came next. As with geology, time was spent showing how
seeming difficulties can be explained away. Through the
18508 Darwin had experimented. In order to bolster his belief
that much can be understood as the result of life floating to
new lands on driftwood or on the feet of migrant birds —or in
their bellies! - he ran little experiments, seeing how long seeds
can survive in saltwater and the like. He also pointed out that
some anomalies can be readily explained. Plants can be more
easily transported than animals and that is why they tend to
have wider distributions. Other anomalies remain so, waiting
explanation - the similarities between plants in New Zealand
and the bottom of South America, for instance. But overall,
as 1s fitting for a field that was so intimately connected with
Darwin’s becoming an evolutionist, the facts of distribution
are triumphantly presented as among the strongest pieces of
evidence for his theory.

Naturally the denizens of the Galapagos got happy men-
tion (Fig. 9.5). Why should we find such similar (but differ-
ent) organisms from island to island? Predictably, he notes,
“this 1s just what might have been expected on my view, for the
1slands are situated so near each other that they would almost
certainly receive immigrants from the same original source,
or from each other” (400). And most striking of all. How do
you explain the fact that the inhabitants of the Galapagos are
like the inhabitants of the nearby South American mainland
and not like those of Africa, whereas in the case of the Cape
Verde islands in the Atlantic off the coast of Africa, the simi-
larities are reversed? “I believe this grand fact can receive no
sort of explanation on the ordinary view of independent cre-
ation; whereas on the view here maintained, it is obvious that
the Galapagos Islands would be likely to receive colonists,
whether by occasional means of transport or by formerly con-
tinuous land, from America; and the Cape Verde islands from
Africa; and that such colonists would be liable to modifica-
tion; — the principle of inheritance still betraying their original
birthplace” (398-99).

Moving on quickly to wrap up his argument, Darwin then
dealt in order with a number of topics that had been the focus
of much interest by researchers in the half century before the
Origin was published. What Darwin called “mutual affinities
of organic beings” - the basis for classification - were read-
ily explained by his theory. We classify organisms according
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to their similarities, but the similarities in turn reflect the his-
tory of the organisms being so classified. “On the principle of
the multiplication and gradual divergence in character of the
species descended from a common parent, together with their
retention by inheritance of some characters in common, we
can understand the excessively complex and radiating affin-
ities by which all the members of the same family or higher
group are connected together” (430-31).

Morphology was likewise readily explained on Darwinian
principles. “What can be more curious than that the hand of
a man, formed for grasping, that of a mole for digging, the leg
of the horse, the paddle of the porpoise, and the wing of the
bat, should all be constructed on the same pattern, and should
include the same bones, in the same relative positions?”
(434) Obviously, what we have here 1s the legacy of evolu-
tion from a shared ancestor. Natural selection takes the bones
and molds them according to the different needs of their
possessors (Fig. 9.6).

Darwin was particularly pleased with his discussion of
embryology (Fig. 9.7). Why is it that the embryos of organ-
isms very different as adults are so similar? It is simply
because they have a shared ancestor, and Darwin’s theory
explains how it all comes about. Embryos tend to be pro-
tected, and hence, without good reason, selection will not
work on them, changing them. Adults, however, have to find
their own ways, and so they felt the full force of selection,
which causes changes and differences. In a clever move,
Darwin swung back to his analogy with artificial selection.
He hypothesized that because animal breeders are inter-
ested only in the adults, we should find that the young of
varieties of domestic animals are considerably more like

each other than are the adults. To his delight, this was
denied by the breeders themselves. However, on checking
dogs and horses, Darwin found that his hypothesis was true.
Measurement showed that “puppies had not nearly acquired
their full amount of proportional difference.” Likewise, “the
colts have by no means acquired their full amount of propor-
tional difference” (445).

Finally, Darwin turned to rudimentary organs, for
instance the nipples of males and the rudimentary limbs of
snakes. This 1s readily explained on the hypothesis of evolu-
tion through selection. However, if you believe in some kind
of special creation, then rudimentary organs really make no

Ficure 9.6. Homologies: the nonfunctional similarities between the fore-
limbs of vertebrates
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Fig. 1. Upper figure human embryo, from Ecker, Lower figure that of a dog,
from Bischofl.
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Ficure 9.7. Thanks to the work of people like Karl Ernst von Baer early
in the nineteenth century, the similarities between the embryos of organisms
very different as adults were a commonplace by the time Charles Darwin set
to work. He used these similarities as strong evidence of shared evolutionary
descent. From C. Darwin, Descent of Man (London: John Murray, 1871)

sense at all. Phrases like “for the sake of symmetry” are no
genuine explanation.

CONCLUSION (CHAPTER 14)

The argument was now complete. Analogy, law network, con-
silience. In concluding, because he did not want to be accused
of dodging the crucial issue, Darwin made brief reference to
our own species. “In the distant future I see open fields for
far more important researches. Psychology will be based on
a new foundation, that of the necessary acquirement of each
mental power and capacity by gradation. Light will be thrown
on the origin of man and his history” (488).
And so to the final, famous paragraph:

It is interesting to contemplate an entangled bank,
clothed with many plants of many kinds, with birds sing-
ing on the bushes, with various insects flitting about, and
with worms crawling through the damp earth, and to
reflect that these elaborately constructed forms, so dif-
ferent from each other, and dependent on each other in
so complex a manner, have all been produced by laws
acting around us. These laws, taken in the largest sense,
being Growth with Reproduction; Inheritance which
is almost implied by reproduction; Variability from the
indirect and direct action of the external conditions of
life, and from use and disuse; a Ratio of Increase so high
as to lead to a Struggle for Life, and as a consequence to
Natural Selection, entailing Divergence of Character and
the Extinction of less-improved forms. Thus, from the
war of nature, from famine and death, the most exalted
object which we are capable of conceiving, namely, the
production of the higher animals, directly follows. There
is grandeur in this view of life, with its several powers,
having been originally breathed into a few forms or into
one; and that, whilst this planet has gone cycling on
according to the fixed law of gravity, from so simple a
beginning endless forms most beautiful and most won-
derful have been, and are being, evolved. (489-90)
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Sexual Selection

Richard A. Richards

N HIS ON THE ORIGIN OF SPECIES, Darwin proclaimed that natural selection

was the main, but not exclusive mechanism of change. Alongside natural selec-

tion, based on the struggle to survive, was sexual selection, based on the struggle
to reproduce. Twelve years later, in his two-volume Descent of Man, and Selection in
Relation to Sex, Darwin focused on sexual selection, devoting part of the first volume
and the entire second volume to sexual selection, not just in humans but across bio-
diversity. He used sexual selection to explain traits not easily explained by natural
selection. How, for instance, could natural selection form the peacock’s extravagant
tail when that tail seemed to be a liability in avoiding predators in the struggle for
existence? Perhaps the peacock’s tail was instead a way to charm female peahens in
the struggle for a mate. The evolutionists who came after Darwin were less inclined
to give female choice such an important role, but in the past fifty years there has been
a renaissance, and sexual selection now enjoys the enthusiastic support of many who
work in the biological and human sciences. It is currently used to explain even more
than Darwin had imagined.

Darwin’s interest in sexual selection long predated his Origin. In his “Sketch of
1842,” he included a passage on sexual selection contrasting it with natural selection
(Darwin 1909, 10). This passage reappeared in a slightly modified form in his “Essay
of 1844”:

Besides this natural means of selection, by which those individuals are pre-
served, whether in their egg or seed or in their mature state, which are best
adapted to the place they fill in nature, there is a second agency at work in most
bisexual animals tending to produce the same effect, namely the struggle of the
males for the females. These struggles are generally decided by the law of battle;
but in the case of birds, apparently, by the charms of their song, by their beauty
or their power of courtship. (Darwin 1909, 92-93)

A similar passage was included in the brief and first public statement of his views —
the extract of his “big species book” read before the Linnaean Society along with
Alfred R. Wallace’s paper in 1858 (Darwin and Wallace 1858, 50).
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F1curk 10.1. The exaggerated horns of the antelope is a result of sexual selection through male

combat. From C. Darwin, Descent of Man (London: John Murray, 1871)

F1cure 10.2. The beautiful male bird of paradise is a result of sexual selec-
tion through female choice. From C. Darwin, Descent of Man (London: John
Murray, 1871)

A year later Darwin laid out the ideas in more detail in
his Origin, first in chapter IV on “Natural Selection,” devot-
ing a paragraph on each of the main kinds of sexual selection
(echoing the preceding passage from the “Essay of 18447).
The first kind was based on the ¢ntrasexual struggle among
males for the “possession of the females.” Victory in this battle
depends on both the general vigor of the male and the pos-
session of “special weapons” (Fig. 10.1). The second kind

was infersexual, where males compete not
through battle for dominance, but through
their charms to attract the attention of
females, who then choose partners on that
basis (Darwin 1859, 88-89). This second
form of sexual selection was notable and
distinct from the first, because competition
here depended not just on the capabilities of
the males but also on the choices and pref-
erences of females (Fig. 10.2). These two
forms of sexual selection could, according to
Darwin, explain how males and females who
have the same general habits of life, come to
“differ in structure, colour, or ornament.”
They do so because some “individual males
have had, in successive generations, some
slight advantage over other males, in their
weapons, means of defence, or charms; and
have transmitted these advantages to their
male offspring” (89-90).

Darwin briefly referred to sexual selection in later chap-
ters of the Origin, first in “The Laws of Variation”; second
in “Difficulties on Theory,” in a section on “organs of little
apparent importance”; and finally in “Instinct.” In his chapter
on the laws of variation, he noted that the characters that vary
most among the species of a genus are also those parts that
vary most between the sexes. He concluded that the parts that
become most variable will be modified by botk natural selec-
tion and sexual selection (157-58). Then later, in his discus-
sion of “organs of little apparent importance,” he cryptically
suggested that “some little light can apparently be thrown
on the origin” of the differences among the human races but
declined to elaborate on the grounds that, without the details,
his reasoning would appear frivolous (199).

THE DESCENT OF MAN, AND SELECTION IN
RELATION TO SEX

Darwin followed up on this last suggestion in 1871 in his
over 800-page, two-volume Descent of Man, and Selection in
Relation to Sex. The first 250 pages of volume 1 were devoted
to the “descent of man,” with the remaining 140 pages devoted
to the principles of sexual selection, and the secondary sexual
characters of insects. In volume 2, Darwin began with the sex-
ual characters of fishes, amphibians, and reptiles, then turned
to birds and mammals, until finally returning to humans in
just the last 8o pages.

In light of Darwin’s claim in the general introduction that
his focus was on humans, all this attention to sexual selection
in insects, fishes, amphibians, reptiles, birds, and mammals is
puzzling. It was, in part, Darwin’s response to the increasing
tendency of other evolutionists, Alfred R. Wallace in partic-
ular, to use supernatural explanations for human evolution.
In the late 1860s, after a turn to spiritualism, Wallace (1869b,
391-94) had increasingly come to doubt the adequacy of nat-
ural selection for explaining many distinctive features of the
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human race: the high intellect, the moral sense, the organs of
speech, the hand, the hairless skin, and beauty of the human
form. Darwin (1871a, 1:249) agreed with Wallace that natural
selection could not explain everything about human evolu-
tion. It did not, for instance, seem able to explain the differ-
ences among races. But Darwin believed that sexual selection,
rather than a supernatural guiding force, could explain racial
differences and many of the distinctly human features (see
Plate XVII). To show this, a more general and complete treat-
ment of sexual selection would be required.

As we might expect, Darwin’s discussion of sexual selec-
tion in the Descent of Man began with the inability of natural
selection to explain certain classes of characters. In his chapter
on “the Principles of Sexual Selection,” where he first worked
out the theoretical basis for sexual selection, Darwin began
with the different kinds of sexual dimorphism and the appro-
priate explanations of each. One kind of sexually dimorphic
character was associated with different “habits oflife” and was
explained by natural selection. Darwin (1871a, 1:254-55) cited
species of flies where the females are “blood-suckers” but the
males live on flowers, and the barnacle species with the “com-
plemental males” that lack mouths and live like plants on the
females. Because the males and females here have different
demands placed on them by their habits of life, different char-
acters will be advantageous in the struggle for existence and
will be formed by natural selection.

Then there were the dimorphic characters associated with
reproduction. Darwin distinguished primary sexual charac-
ters — those directly related to reproduction, from second-
ary sexual characters - those not directly connected (1:253).
Some secondary sexual characters graduate into the primary:
the organs of sense and locomotion that allow males to find
and reach females, and the organs of prehension that allow
the male to hold the female securely in copulation. Some
females have secondary characters that relate to the nourish-
ment and protection of the young, such as mammary glands
and, in marsupials, abdominal sacks (1:254). Darwin thought
that these primary and secondary sexually dimorphic charac-
ters, like those associated with different habits of life, could be
explained by natural selection (1:256). Some dimorphic char-
acters, however, may have been formed by natural selection,
such as the organs of sense and locomotion, but perfected by
sexual selection and the competition for a mate (1:256-57).

Some sex differences were more “disconnected” from the
primary sexual organs: “the greater size, strength and pugnac-
ity of the male, his weapons of offence or means of defense
against rivals, his gaudy colouring and various ornaments,
his power of song, and other such characters” (1:254). These
characters were not required at all for reproduction, but were
nonetheless to be explained by sexual selection.

There are many other structures and instincts which
must have been developed through sexual selection -
such as the weapons of offence and the means of defence
possessed by the males for fighting with and driving
away their rivals - their courage and pugnacity - their

ornaments of many kinds - their organs for producing
vocal or instrumental music - and their glands for emit-
ting odours; most of these latter structure serving only
to allure or excite the female. That these characters are
the result of sexual and not of ordinary selection is clear,
as unarmed, unornamented, or unattractive males would
succeed equally well in the battle for life and in leaving
a numerous progeny, if better endowed males were not
present (1:257-58).

For Darwin then, natural selection explained the characters
associated with different habits of life, the primary sex organs,
and the secondary sex organs that were most closely con-
nected with reproduction. Sexual selection explained the
secondary sex organs and traits least directly connected with
reproduction - the ornamentation and special weapons of the
males, as well as the perfection of other characters formed by
natural selection - organs of sense and locomotion, that gave
some males an advantage in the struggle for a mate.

In this chapter on the “Principles of Sexual Selection,”
Darwin also engaged in four additional projects. First was
an analysis of the conditions that lead to sexual selection. If
there were an excess of males — more males than females, we
should expect a struggle for a mate among the males. Darwin
argued that there was some excess of males across biodiver-
sity and at various times, but concluded this was no universal
law (1:265). The same effect could be achieved in polygamous
systems though, where a few males would have great repro-
ductive success, leaving many males — the weaker and less
attractive ones — with little or no success. Darwin argued
that this would likely explain some, but not all sexual dimor-
phism. Many monogamous animals also have the relevant
kinds of sexual dimorphism (1:265-66). Darwin thought the
comparison of closely related species that were polygamous
and monogamous was nonetheless informative. The sexes of
the polygamous peacock differed greatly, while the sexes of
the monogamous guinea fowl differed little. He concluded:
“Hence it appears that with birds there often exists a close
relation between polygamy and the development of strongly
marked sexual differences” (1:270).

Here Darwin also turned to the predictions of sexual selec-
tion — what we would expect if sexual selection were operat-
ing. The first thing we might expect is that the male would be
more modified than the female. He concluded that this was
in fact so, because females tended to more closely resemble
the young (1:272). Second, the male would likely have stronger
passions than the female and be more “eager” in pursuit of
potential mates. This Darwin thought to be well confirmed in
the observations of fish, alligators, and insects and most strik-
ingly in birds (1:272). Darwin also recognized the occasional
development of sex reversal, where the male and female roles
are reversed.

In various classes of animals a few exceptional cases
occur, in which the female instead of the male has
acquired well pronounced secondary sexual charac-
ters, such as brighter colours, greater size, strength, or
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pugnacity. With birds ... there has sometimes been a
complete transposition of the ordinary characters proper
to each sex; the females having become the more eager
in courtship, the males remaining comparatively passive,
but apparently selecting, as we may infer from the results,
the more attractive females. Certain female birds have
thus been rendered more highly coloured or otherwise
ornamented, as well as more powerful and pugnacious
than the males. (1:276)

These apparent exceptions proved the rule: when the sex
roles are reversed, and the males become more selective, the
patterns of sexual dimorphism are also reversed. For Darwin
this confirmed the relation between selection and sexual
dimorphism, even though it seemed to contradict broad gen-
eralizations about all males and females having certain roles.
(Darwin also considered the possibility of simultaneous
“double-selection” but concluded that it was less probable
than ordinary sexual selection with traits transmitted equally
to both sexes; 1:277).

Darwin included in this chapter as well a long compli-
cated section on inheritance, which he took to involve two
distinct processes: the transmission of characters from par-
ent to offspring, and the development of characters at various
periods of life (1:279). He laid out four main principles. The
first principle is that characters that develop at a particular
stage of life, and are retained for a particular period, appear at
and are retained for similar times in offspring (1:280-81). The
second principle is that some characters appear periodically
at certain seasons of the year, and these characters reappear in
offspring at the same seasons (1:282). Examples here include
the appearance of white coloration of arctic creatures in win-
ter and the horns of stags and bright colored feathers in birds
during mating seasons. The third principle is that while most
characters are inherited equally by both sexes, some charac-
ters are inherited by just one of the sexes (1:282-85). A fourth
principle is that characters that appear earlier tend to appear
in both sexes, and those that appear later tend to appear in
only one of the sexes — usually the male (1:285). In the dozen
pages that followed Darwin gave evidence for each of these
principles, referring to reindeer, antelope, pheasants, ducks,
elephants, insects, and more.

Darwin conceded that he did not know the mechanisms
underlying these principles, but claimed that these principles
of inheritance nonetheless reveal how sexual selection - in
conjunction with natural selection — worked to produce sexu-
ally dimorphic characters. Characters useful only in the strug-
gle for a mate would be unlikely to appear before they became
useful at sexual maturity, because sexual selection would not
preserve them and natural selection would eliminate them.
These traits would likely be inherited by offspring at sex-
ual maturity as well - in accordance with the first principle.
Similarly, and in accordance with the second principle, any
characters that were advantageous in the struggle for a mate
only during particular seasons would tend to appear only in
the seasons in which they were useful, being eliminated by

natural selection from the seasons in which they were of no
use. In accordance with the third principle, characters that
would be advantageous to just one of the sexes in the struggle
for a mate would be more likely to appear in offspring only in
the sex that found the character advantageous. Natural selec-
tion would tend to eliminate it in the sex for which it was of no
use. This principle was limited though, because it would be
countered by the tendency for characters to be equally trans-
mitted to each of the sexes.

After laying out these general principles of sexual selec-
tion, Darwin applied them to humans, explaining how human
evolution could have been influenced by sexual selection in
the production of both racial and sexual differences. Here,
as in other organisms, sexual selection involved both com-
bat among males and choice by females, but Darwin placed
a somewhat greater emphasis in humans on female display
and male choice (1871a, 2:371-72). He argued that racial dif-
ferences, particularly those pertaining to skin color and body
shape and hair, were the products of both male and female
choice - the different tastes and senses of beauty of men and
women of the various races (2:368, 381-82).

To explain human sexual differences, Darwin appealed to
male combat, as well as female and male choice. Past intra-
sexual male combat explained the greater size and strength of
males, as well as the fact that they were more energetic, pugna-
cious, competitive, and selfish than females, who were more
tender, selfless, and perceptive (2:325-26). Some of Darwin’s
analysis here is controversial. He argued that, given the differ-
ences in the “eminence” of men and women in various activi-
ties — poetry, painting, music, history, science and philosophy,
the mental powers of men must exceed those of women. This
claim is moderated somewhat however, by his consideration
of the possibility that the appropriate training of some young
women could raise them to the same standard as men (which
he thought could then be passed on to their female offspring)
(2:327-29).

Lurking through much of Darwin’s discussion here
are his views on the relations between the different kinds of
selection. The analogy he drew with artificial selection and
domestic breeding is striking, with respect to the two kinds of
selection, based on both victory in battle and aesthetic choice.
Breeders sometimes subject their animals to combat (in cock-
fights for instance) and then “select” the superior individu-
als to breed on the basis of success in combat. And breeders,
when they preserve and breed particular individuals on the
basis of favored traits, show how tastes can modify organisms.
Just as breeders can make their poultry beautiful through arti-
ficial selection, so can the females make male birds beautiful
through sexual selection (2:370). It may also be that Darwin
was led to his views about sexual selection through this anal-
ogy (Ghiselin 1969, 219).

The relation between sexual and natural selection was com-
plicated. First, natural selection was part of the explanation for
the laws of inheritance. Because many dimorphic and ornamen-
tal characters have costs (the peacock’s tail makes it vulnerable
to predation), they tend to appear only in those individuals in

% 106 ¥



SEXUAL SELECTION

which they are of use and only at the times they are of use. But,
second, natural selection also limited the extremes to which
sexually dimorphic ornaments could develop. Extravagant tails
and horns, for instance, eventually could become so unwieldy
and costly that the advantage conferred in the struggle for a mate
is outweighed by the disadvantage conferred in the struggle for
existence (Darwin 1871a, 1:278-79).

Natural and sexual selection could also be congruent.
Those individuals who are most vigorous would have an
advantage in the struggle for survival, but they would also
have an advantage in the struggle for a mate. This is true for
both males and females. The most vigorous will mate earlier
and more often, passing on their vigor and health to more off-
spring (1:261-63). Sexual selection in this case is reinforcing
natural selection.

WALLACE

Darwin’s contemporaries did not follow him fully in his
appeals to sexual selection. Typically they accepted ¢ntra-
sexual selection (the struggle among males in combat for pos-
session of females) but had doubts about ¢ntersexual selection
(the struggle among males to charm females). Alfred R. Wallace
was typical in his critical review of The Descent of Man. Here
he denied that females had the capacity to make the required
distinctions and choices (Wallace 1871, 181). Wallace was par-
ticularly skeptical that there was a sufficient constancy of pref-
erence to produce distinct characters. He contrasted sexual
selection with the more constant effect of natural selection:

To the agency of natural selection there is no such bar.
Each variation is unerringly selected or rejected accord-
ing as it is useful or the reverse; and as conditions change
but slowly, modifications will necessarily be carried on
and accumulated till they reach their highest point of effi-
ciency. But how can the individual tastes of hundreds of
successive generations of female birds produce any such
definite or constant effect? (182)

The similar capriciousness of female tastes in humans implied
that sexual selection could nof explain the differences among
the human races (180).

Wallace explained sexual dimorphism and ornamentation
in terms of development and natural selection. Bright colors
were naturally produced in development by some unknown
laws (perhaps in proportion to overall vigor). In those cases
where bright colors presented a disadvantage, natural selec-
tion would mute those colors, and sometimes result in differ-
ential transmission in males and females. Female birds with
open nests, for instance, would become “dull-coloured,”
whereas those with covered or hidden nests would retain
their bright colors (181). Other ornamental appendages,
“beautifully fleshy tubercles or tentacles, hard spines, beauti-
ful coloured hairs arranged in tufts, brushes, starry clusters,
or long pencils,” were to be explained similarly - in terms of
the unknown laws of development and suppression in the
struggle for existence (182).

Wallace seemed to have other objections as well. In his
Darwinism, he expressed relief at finding an alternative to
sexual selection.

The explanation of almost all the ornaments and colours
of birds and insects as having been produced by the
perceptions and choice of the females, has ... stag-
gered many evolutionists, but it has been provision-
ally accepted because it was the only theory that even
attempted to explain the facts. It may perhaps be a relief
to some of them, as it has to myself, to find that the phe-
nomena can be conceived as dependent on the general
laws of development, and on the action of “natural selec-

tion.” (Wallace 1901, 392)

What these other objections were is not exactly clear, but we
can see why intrasexual selection maght have been regarded
with suspicion. First, sexual selection was based on what
would have seemed licentious and frivolous - the mere
sexual desires and preferences of females, in contrast to the
obviously utilitarian and virtuous traits that aided survival.
Second, familiar human marriage practices that empha-
sized male choice might have seemed to disprove the sig-
nificance of female choice in humans. Third, stereotypes of
female capriciousness might have reinforced Wallace’s wor-
ries about the necessary constancy of mating preferences.
In spite of these worries, Wallace later came to allow for the
possibility of choice in human females. In his 1900 essay
“Human Progress: Past and Future,” he argued that unre-
stricted female reproductive choice was a force for bringing
about progress. On one hand, “the vicious man, the man of
degraded taste or of feeble intellect, will have little chance of
finding a wife, and his bad qualities will die out with him.”
“The most perfect and beautiful in body and mind,” on the
other hand, “will ... be most sought and therefore most likely
to marry early” (Wallace 1900, 507).

AFTER DARWIN

According to a now standard history, for the century after
Darwin’s Descent of Man, sexual selection - female choice in
particular — was rejected, ignored, downplayed, or subsumed
under a fotal natural selection (Cronin 1991, 243-44; Milam
2010, 147-59). There is some truth to this account in that few
of those working in the biological sciences followed Darwin in
his use of female choice to explain sexually dimorphic, orna-
mental traits. In part, this was due to a widespread skepticism
that nonhuman females had the cognitive resources to make
genuine choices (Milam 2010, 27-36). But female choice was
not entirely neglected. First, eugenicists and feminists fol-
lowed Wallace’s lead in his 1900 essay on human progress
and looked to female mate choice to improve the human
race (Milam 2010, 24-27). Second, once female choice was
reconceived mechanistically, as a purely physiological, non-
cognitive response, it could be incorporated into a variety of
other projects by zoologists, experimental biologists at the
American Museum of Natural History, theorists associated
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with the modern synthesis, and ethologists after World War I1
(Milam 2010). Instead of thinking about female choice as part
of a theory of sexual selection, they were more interested in
how female reproductive behavior functioned relative to the
maintenance of species identity and genetic diversity within a
species, the reproductive isolation associated with speciation,
and “epigamically” in the simple stimulation by a male of a
female to mate. On this view, the peacock’s tail is just the way
that peahens identify appropriate mates — members of their
own species - and get stimulated to copulate, but wethout nec-
essarily preferring one tail over another.

Intersexual selection based on female choice was also sub-
ordinated to a fotal natural selection. On this approach, nat-
ural selection is the differential survival and reproduction of
organisms and is to be measured simply by the changing gene
frequencies in a population. A gene might be favored either
because of an advantage it confers in survival or because of
an advantage it confers in reproduction. Many thinkers of
the modern synthesis, including Theodosius Dobzhansky,
adopted this approach (B. G. Campbell 2006, 76).

There were exceptions though. Edmund Selous, Julian
Huxley (early in his career), and then R. A. Fisher all adopted
a Darwinian approach to sexual selection (Milam 2010,
36-48). Fisher first addressed sexual selection in a 1915 paper,
and then returned to it in his 1930 book The Genetical Theory
of Natural Selection. In the paper and book, Fisher did three
things. First, he treated female taste as a trait itself, and one
that can be given an adaptive explanation (Fisher 1930, 136).
Second, he introduced the idea of a fitness indicator, whereby
some traits, such as brightly colored feathers, are “a fairly
good index of natural superiority.”” A preference for such a
trait would be useful because offspring with such traits would
be superior (Fisher 1915, 187). Third, Fisher argued that sex-
ual selection could produce a positive feedback and generate
a runaway process, whereby a trait and the preference for the
trait evolve together in mutual reinforcement (Fisher 1930,
136-37).

After the reprinting of Fisher’s 1930 book in 1958, sex-
ual selection and female choice gained new respect. John
Maynard-Smith and others began to study the actual behav-
ior of organisms with sexual selection in mind. George C.

Williams turned to the theoretical side, speculating about
the reasons sex evolved, and how that might be relevant to
sexual selection. By this time, female biologists had begun
to study female choice in the field, generating the empirical
data required to evaluate theoretical claims. There was also
increased attention to human mating preferences, most signif-
icantly by David Buss. Amotz Zahavi worked out his handi-
cap principle based on the idea that sexual ornaments could
be good indicators of fitness as long as they had high costs.
Finally, Robert Trivers’s work on parental investment led to
questions about the divergent roles and interests of males and
females. Females generally invest more in reproduction than
males and therefore have different mating interests (Cronin
1991; G. Miller 2000, 33-67; Milam 2010).

These ideas have become widely adopted by theorists
and researchers in the biological and human sciences and
have become part of recent comprehensive accounts directed
toward the educated public, most notably by evolutionary
psychologist Geoffrey Miller in his The Mating Mind. Miller
(2000, 18) extends sexual selection to explain phenomena far
beyond the subset of sexually dimorphic traits that Darwin
focused on, into many of the distinctively human cognitive
and behavioral traits - things that humans are distinctively
good at, such as humor, story telling, gossip, art, music self-
consciousness, ornate language, imaginative ideologies, reli-
gion, and morality.

SEXUAL SELECTION AND THE RETURN
OF DESIGN

There is one theme that Darwin did not explore and that has
some philosophical significance. Sexual selection represents
a return to design. This is not the design of an omniscient,
omnipotent creator, though. It is the design of innumerable
individual organisms in the preferences they show for mates.
If Darwin and his followers are right, we have “designed”
ourselves, on the basis of our preferences and choices. If so,
evolution is not just the random, unguided processes that
operate in the struggle for survival. It is also the product of
the senses of beauty and taste that operate in the struggle
for a mate.
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Darwin and Species

James Mallet

NE WOULD HAVE thought that, by now, 150 years after the Origin, biologists

could agree on a single definition of species. Many biologists had indeed

begun to settle on the “biological species concept” in the late modern syn-
thesis (1940—70), when new findings in genetics became integrated into evolutionary
biology. However, the consensus was short-lived. From the 1980s until the present,
it seems not unfair to say that there arose more disagreement than ever before about
what species are. How did we get into this situation? And what does it have to do
with Darwin? Here, I argue that a series of historical misunderstandings of Darwin’s
statements in the Origin contributed at least in part to the saga of conflict among
biologists about species that has yet to be resolved. Today, Darwinian ideas about
species are becoming better understood. At long last, the outlines of a new and more
robust Darwinian synthesis are becoming evident. This “resynthesis” (as it perhaps
should be called) mixes Darwin’s original evolutionary ideas about species with evi-
dence from modern molecular and population genetics.

WHAT DID DARWIN MEAN BY SPECIES?

Darwin realized he had convincing proof that species were not created but evolved.
But this understanding caused a terminological problem that he had to address in
his book. Species were defined in the minds of many of his Creation-educated read-
ers as members of real groups: all members of a species were related by descent,
whereas no individual was descended from members of another species. A second
idea, which had been promoted especially by the French naturalist Buffon, was
that the intersterility of species was a protective mechanism with which species had
been endowed by the Creator to maintain their purity (Fig. 11.1). Thus, the famous
anatomist Richard Owen, a powerful creationist opponent of Darwin, had given this
succinct definition in his 1858 treatise on chimpanzees and orangutans: “an origi-
nally distinct creation, maintaining its primitive distinction by obstructive generative
peculiarities” (as cited by Huxley 1860, 544).

In order that he could make the argument that species evolved under his the-
ory of “descent with modification,” Darwin required a new definition of species. In
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F16URE 11.1. Georges-Louis Leclerc, comte de Buffon (1707-88), one of
the leading naturalists of the eighteenth century and suspected of having
transformist yearnings. Permission: Wellcome

particular, descent must now be allowed to extend not only
within species but also across the species boundary, and ulti-
mately to encompass all living things. Common descent could
no longer be used simply as a definition of species. If species
evolved, we would also expect hybrid sterility to show evi-
dence of continuous evolution across the species boundary.
This terminological problem about species did not, appar-
ently, trouble Darwin greatly (except for the matter of hybrid
sterility), and he spent only a little space discussing what he
meant by species. Perhaps, as a naturalist, he thought that
the existence and nature of species would be self-evident to
his readers. Even in later editions of the Origin, to which he
added a glossary, there is no formal definition of species.

Nonetheless, Darwin did, in my view, clearly indicate
what he meant by species, and the conception of species in
the Origin is now generally recognized by philosophers and
historians to have been a useful one for his purpose - that
is, to demonstrate evidence for their transmutation (A. O.
Lovejoy 1959; Ghiselin 1969; Kottler 1978; Beatty 1985; Ruse
1987; McOuat 1996; Stamos 2006; Kohn 2000; Sloan 2009;
Ereshefsky 2010a). Darwin’s definition was the simplest that
allowed for multiple species to originate from a single ances-
tral species. One of his clearest short statements on species
is in the summary at the end of the Origin: “Hereafter we
shall be compelled to acknowledge that the only distinction
between species and well-marked varieties 1s, that the latter
are known, or believed, to be connected at the present day by
intermediate gradations, whereas species were formerly thus
connected” (Darwin 1859, 485).

In the Origin, Darwin devoted a large portion of chapter
2 (“Variation under Nature”) to discussing what species and
varieties were, and how difficult they can be to distinguish:
“Practically, when a naturalist can unite two forms together
by others having intermediate characters, he treats the one as
a variety of the other, ranking the most common, but some-
times the one first described, as the species, and the other

as the variety” (1859, 47). Of course, it is really a statement
about varieties, not species: forms lacking morphological gaps
between them are varieties; but a species definition is implicit:
forms that have gaps between them are separate species.

But then Darwin immediately qualified this statement and,
in doing so, unwittingly confused many of his subsequent read-
ers: “But cases of great difficulty, which I will not here enu-
merate, sometimes occur.... Hence, in determining whether a
form should be ranked as a species or a variety, the opinion
of naturalists having sound judgement and wide experience
seems the only guide to follow” (47). Many subsequent authors
have cited the latter sentence as evidence of Darwin’s nihilism
about species, while ignoring the foregoing statements. In fact,
if the unwary reader fails to concentrate, Darwin seems to tack
back and forth, with statements such as: “To sum up, I believe
that species come to be tolerably well-defined objects, and do
not at any one period present an inextricable chaos of vary-
ing and intermediate links” (177), which sounds almost like the
opposite of what he has said in chapter 2.

Later, in The Descent of Man (Darwin 1871a), there is per-
haps a rather clearer statement: “Independently of blending
from intercrossing, the complete absence, in a well-investigated
region, of varieties linking together any two closely-allied forms,
is probably the most important of all the criterions of their spe-
cific distinctness.” Darwin used this definition to argue that all
of the races of Man belong to the same species (1:214-15)."

It seems quite clear to me, even from the few excerpts cited
here, that Darwin never claimed that species did not exist or
were “unreal,” however many biologists, philosophers of sci-
ence, and historians of science would have us believe the con-
verse (a more detailed textual analysis is given in Mallet 2010b).
Darwin was not arguing that all species are arbitrary. The state-
ment “the opinion of naturalists having sound judgement and
wide experience seems the only guide to follow” did not imply
that “naturalists of sound mind” were required to use educated
guesswork. Darwin was certainly arguing that species were
similar to “varieties” but only up to a point. Species differed
from varieties in that they lacked morphological intermediates:
there were gaps between them. In his view, Darwin had indi-
cated adequately what he meant by species and then moved
on. A more important task, and a major one in the Origin, was
to show that there were many fuzzy borderline cases - these
provided evidence for continuous evolution between species.

! Darwin’s bitter opponent Richard Owen (1859), while deprecating
the idea that humans evolved from apelike ancestors, nonetheless cat-
egorized species the same way as Darwin did: that all human races
belonged to the same species, whereas the orang, chimpanzee, and
gorilla were separate species. He did this for very much the same
anatomical and morphological reasons as Darwin did - the pres-
ence or absence of intermediates. The last thing that Darwin would
have wanted was to invent a definition of species that played havoc
with existing taxonomy. In the Origin he needed only to explain how
generally accepted taxonomic species, those recognized by “natural-
ists having sound judgement,” could have evolved. He intentionally
adopted the practical methods that most naturalists were using in
1859, while separating his definition of species from the creationist
baggage it had carried hitherto.
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Good evidence for this interpretation is that the pages contain-
ing Darwin’s most disputed passages about species in chapter
2 all have the header “pOUBTFUL SPECIES” in the first edition
(Mallet 2010b). Darwin was merely showing here that, in doubt-
Jul cases, it is difficult to tell species from varieties, as a neces-
sary prelude to arguments about how species might evolve. He
never intended the message, now widely believed to be Darwin’s
goal by latter-day readers, that all species blended together “in
an inextricable chaos of varying and intermediate links.”

THE MYTH OF “DARWIN’S FAILURE”

It is an extraordinary paradox that what to Darwin was the
most important theme of the Origin also became the most
doubtful in the minds of his readers, even today. Almost every-
body, at least by the mid-twentieth century, agreed that Darwin
had written a great book, that he had proved that species had
evolved from varieties, and that natural selection was an impor-
tant process in nature. What they found increasingly hard to
accept, however, was that Darwin had understood what spe-
cies were and had made any effort to explain the origin species
from varieties or that natural selection was involved (Mallet
2008). By the time of the “modern synthesis,” this view hard-
ened into a dogma that Darwin had completely failed:

Darwin succeeded in convincing the world of the occur-
rence of evolution and ... he found (in natural selec-
tion) the mechanism that is responsible for evolutionary
change and adaptation. It is not nearly so widely recog-
nized that Darwin failed to solve the problem indicated
by the title of his work. Although he demonstrated the
modification of species in the time dimension, he never
seriously attempted a rigorous analysis of the problem of
the multiplication of species, the splitting of one species
into two. (Mayr 1963, 12)

In retrospect, it is apparent that Darwin’s failure ...
resulted to a large extent from a misunderstanding of the
true nature of species. (Mayr 1963, 14).

Ernst Mayr’s critique came from the modern synthe-
sis standpoint of his own “biological species concept,” in
which species were defined as populations reproductively
isolated from one another by “reproductive isolating mecha-
nisms” (Plate XVIII). Darwin, argued Mayr, had not under-
stood the fundamental importance of reproductive isolation
in speciation implied by the biological species concept. The
undoubted primary reason why Mayr found Darwin’s pro-
nouncements on species illogical was that Darwin strenuously
argued in his chapter “Hybridism” against the importance of
hybrid sterility in providing either a useful definition of spe-
cies or an explanation of speciation: “It can thus be shown
that neither sterility nor fertility affords any certain distinction
between species and varieties” (Darwin 1859, 248). To Mayr,
in contrast, hybrid sterility and other “isolating mechanisms”
were the key differences between species and varieties, and
the elucidation of their origin constituted an understanding
of speciation. Mayr’s isolating mechanism of hybrid sterility

was to Darwin an incidental by-product of other evolutionary
changes between species, that would not have warranted the
term “mechanism” at all, because it could not be explained
directly by natural selection.” Darwin certainly appreciated
how species intersterility and reluctance to mate allowed the
coexistence of species and discussed that these traits were
strongly associated with what taxonomists recognized as sep-
arate species (Mallet 2010b). Yet to Darwin it was the failure
of direct natural selection to explain the evolution of hybrid
sterility, the fertility of many hybrids between “good species,”
and the existence of some kinds of infertility within species
that forced him to abandon an idea that species could be
defined via reproductive isolation.

However, let us not just blame Mayr and the modern syn-
thesis for this misunderstanding. The problems for under-
standing Darwin’s ideas about species go back much further
than the middle of the twentieth century. The seeds of the dif-
ficulty can be seen even in one of the most positive reviews
ever published of the Origin, by the very man nicknamed
“Darwin’s bulldog,” Thomas Henry Huxley. While generally
complimentary about natural selection and the claim that spe-
cies arose by evolution, he also wrote, “There is no positive
evidence, at present, that any group of animals has, by varia-
tion and selective breeding, given rise to another group which
was even in the least degree, infertile with the first. Mr. Darwin
is perfectly aware of this weak point, and brings forward a
multitude of ingenious and important arguments to dimin-
ish the force of the objection.... but still, as the case stands,
this “little rift in the lute’ is not to be disguised or overlooked”
(Huxley 1860, 309). This statement forms a conclusion to a
long discussion of Darwin’s evidence on the nature of species,
with which Huxley largely agrees.

But the “rift in the lute” turned out (and was perhaps
intended) to be a very British understatement. Wallace (1880,
152) wrote that it was “one of the greatest, or perhaps we may
say the greatest, of all the difficulties in the way of accepting
the theory of natural selection as a complete explanation of
the origin of species.” Much later, “the remarkable difference
between varieties and species with respect to fertility when
crossed” was seen by a major twentieth-century historian of
evolutionary ideas as one of the six major difficulties for the
acceptance of Darwinian evolution (A. O. Lovejoy 1959).°

* Mayr, unlike Dobzhansky, agreed with Darwin that there was no evi-
dence that sterility and inviability had evolved via natural selection.
Nonetheless, he clearly agreed with Dobzhansky that isolating mech-
anisms were in some sense adaptive, that they were useful to species
as a means of keeping them apart from other species (Mallet 2010a).
This paper was originally published for the first Darwin centenary in
1909 and revised for the centenary of the Origin in 1959. To my mind,
it remains one of the best pieces of scholarship documenting not only
precisely what it was that Darwin and Wallace discovered but also the
great mystery of why other biologists such as Thomas Henry Huxley
did not discover it, even though many of Darwin’s conclusions in ret-
rospect immediately seemed quite obvious. As Huxley (1887, 2:197)
himself remarked: “My reflection, when I first made myself master of
the central idea of the ‘Origin’ was, ‘How extremely stupid not to have
thought of that!”

o
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The problem arises with the second part of Owen’s defini-
tion “maintaining its primitive distinction by obstructive gen-
erative peculiarities.” Darwin had argued vehemently against
reproductive isolation as a definition of species because cre-
ationists, from Buffon onward, had proposed hybrid sterility
to be evidence of the Creator’s wisdom. Darwin probably felt
he had to show that sterility was not, in fact, a valid defini-
tion in order to disabuse his readership of the idea. But to
those, like Owen and Huxley, for whom it was key to explain
hybrid sterility in a theory of speciation, Darwin’s belittling
of its importance seemed to duck the issue, while his partial
explanation seemed weak. Darwin was very clear that his
greatest theory, natural selection, failed to explain hybrid ste-
rility. What then caused it? “The foregoing rules and facts ...
appear to me clearly to indicate that the sterility, both of the
first crosses and of hybrids is simply incidental or dependent
on unknown differences, chiefly in the reproductive systems,
of the species which are crossed. The differences being of
so peculiar and limited a nature, that in reciprocal crosses
between two species the male sexual element in one will often
freely act on the female sexual element of the other, but not in
reversed direction” (1859, 260-61); “sterility of first crosses
and of hybrids ... is not a special endowment, but is inciden-
tal on slowly acquired modifications, more especially in the
reproductive systems of the forms which are crossed” (272)

In other words, Darwin did not know what caused hybrid
sterility, although some causes could be ruled out. However,
hybrid sterility was far from universal among species and was
so scattered and “incidental” that it seemed most unlikely that
it was either a naturally selected adaptation or an attribute
provided by God to preserve the purity of species. It must
mnstead be “incidental on slowly acquired modifications” - a
by-product of evolutionary divergence in general - or a “plei-
otropy,” to use today’s genetic term. Evidence in correspon-
dence from Darwin to Wallace in 1868 indicates that Darwin
himself was dissatisfied with his partial explanation, although
it was clearly more of a problem for Huxley and others. Today,
whatever their view of Darwin’s ideas about speciation, evo-
lutionary biologists accept Darwin’s opinion that hybrid ste-
rility is not an adaptation. With hindsight, I believe we can
forgive Darwin for not explaining sterility: it is only now that
its precise causes are becoming understood. Sterility repre-
sents a failure in hybrids of normal beneficial interactions
among genes that have diverged in different populations for
a sufficiently long time. Although such genes are often popu-
larly referred to as “speciation genes,” it is now generally rec-
ognized that many differences, and probably most of them,
that cause negative interactions in hybrids evolved long after
speciation 1s complete and rarely, if ever, cause species to

divide (Coyne and Orr 2004; H. A. Orr 2009).

PHYSIOLOGICAL SPECIES VERSUS
MORPHOLOGICAL SPECIES

Huxley argued that Darwin’s use of the term “species” was
indeed useful but that it was based only on morphology. But

to Huxley, another very important difference between spe-
cies was what he called “physiological.” “Physiological spe-
cies” are those that are unable to interbreed successfully
(Huxley 1860, 296). It is not entirely clear whether Huxley
invented the term “physiological species,” which does not
appear in Darwin’s writings, or whether he co-opted it from
other sources that were generally read then. Regardless of the
source of the idea, “physiological species” became a touch-
stone for an argument that dogged evolutionary biology for
the next 150 years. A preference for physiological species over
Darwinian morphological species was also the major reason
for the later rejection of the Darwinian notion of species, as
well as of their origin.

Henry Walter Bates, writing in 1863 about Heliconius
butterflies, alluded, one assumes, to Huxley’s critique of the
Origin in the following terms: “In the controversy which is
being waged among Naturalists, since the publication of the
Darwinian theory of the origin of species, it has been rightly
said that no proof at present existed of the production of a
physiological species, — that is, a form which will not inter-
breed with the one from which it was derived, although given
ample opportunities of doing so, and does not exhibit signs
of reverting to its parent form when placed under the same
conditions with it.” Bates argued that his study of Heliconius
butterflies in Brazil did, however, “tend to show that a phys-
1ological species can be and is produced in nature out of the
varieties of a pre-existing closely allied one.” Bates purported
to show that although Heliconius melpomene and H. thelxiope
hybridize in some places, they also “come into contact in sev-
eral places where these intermediate examples are unknown,
and I never observed them to pair with each other” (Bates
1863, 1:256-62). While today’s taxonomy does not, I believe,
support Bates’s argument in the case of Heliconius, this pas-
sage clearly shows that Huxley’s critique and the need to
explain “physiological species” were a topic of discussion at
the time.

In his own apparent response to Huxley, Darwin’s con-
ception of species (1871a, 214-15) added a physiological
dimension: “In determining whether two or more allied forms
ought to be ranked as species or varieties, naturalists are prac-
tically guided by ... the amount of difference between them,
and whether such differences relate to few or many points of
structure, and whether they are of physiological importance.
... Evenaslight degree of sterility between any two forms when
first crossed, or in their offspring, is generally considered as a
decisive test of their specific distinctness.” This added to but
did not preclude Darwin’s morphological gap argument, still
voiced in the same pages (see above).

In March and April 1868, Alfred Russel Wallace and
Charles Darwin corresponded extensively on the subject
of hybrid sterility. Wallace asked Darwin whether he could
imagine that hybrid sterility arose through natural selection
and suggested several possible schemes. Darwin, perhaps
exhausted by Wallace’s youthful enthusiasm, enlisted his
more mathematical son George (then at Cambridge) to help;
together they rebutted Wallace’s arguments. Darwin wrote
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F1cure 11.2. George]. Romanes (1848-94) was a very enthusiastic disciple
of Darwin. From Mrs. Romanes, Life and Letters of George John Romanes
(London: Longmans, Green, 1896)

back to a second enquiry: “Let me first say that no man could
have more earnestly wished for the success of N. selection in
regard to sterility, than I did; & when I considered a general
statement, (as in your last note) I always felt sure it could be
worked out, but always failed in detail. The cause being as I
believe, that natural selection cannot effect what is not good
for the individual” (Darwin 1985-, 16:374, letter to Wallace,
6 April 1868). Wallace did, however, touch upon one likely
argument that Darwin could not refute, that “disinclination to
cross” could be effected by natural selection. Darwin again: “I
know of no ghost of a fact supporting belief that disinclination
to cross accompanies sterility. It cannot hold with plants, or
the lower fixed aquatic animals. I saw clearly what an immense
aid this would be, but gave it up. Disinclination to cross seems
to have been independently acquired probably by nat. selec-
tion; & I do not see why it would not have sufficed to have
prevented incipient species from blending to have simply
increased sexual disinclination to cross.”

Wallace wrote back: “I am sorry you should have given
yourself the trouble to answer my ideas on Sterility - If you
are not convinced, I have little doubt but that I am wrong; and
in fact I was only half-convinced by my own arguments, - and

I now think there is about an even chance that Nat. Select.
may or not be able to accumulate sterility.”” Prophetically,
he ended the discussion with a prediction that, even so, it
would be a source of controversy: “However I will say no
more but leave the problem as insoluble, only fearing that it
will become a formidable weapon in the hands of the enemies
of Nat. Selection” (Darwin 1985-, 16:389, letter from Wallace
to Darwin, 8 April 1868). As it turned out, this problem led
to opposition also from within the ranks of those who called
themselves Darwinists.

In 1886 George Romanes, a correspondent and self-
avowed “close student” of Darwin’s, published a long and
discursive paper to suggest a supposedly new mechanism of
how Huxley’s physiological species separated by hybrid ste-
rility could come into being, a process he called “physiologi-
cal selection” (Fig. 11.2). Romanes (1886, 370-71) argued that
natural selection was incompetent to cause species to diverge:
“The theory of natural selection is not, properly speaking, a
theory of the origin of species: it is a theory of the develop-
ment of adaptive structures. ... What we require in a theory of
the origin of species is a theory to explain [the origin of] the
primary and most constant distinction between species ...[:]
comparative sterility towards allied forms, with continued fer-
tility within the varietal form.”

Romanes agreed with another Darwin critic (Wagner
1868, 1873) that if populations were geographically isolated,
divergent variations would not be swamped by intercross-
ing and so could diverge to form separate species. However,
Romanes did not believe that all speciation could be due to
geographical isolation; physiological selection, in his view
could have the same effect of preventing gene flow. According
to Romanes (1886, 370-71), 1f a variation (or mutation) occurs
but has no effect within an emerging variety, “such that the
reproductive system, while showing some degree of steril-
ity with the parent form, continues to be fertile within the
limits of the varietal form, in this case the variation would
neither be swamped by intercrossing, nor would it die out
on account of sterility. On the contrary, the variation would
be perpetuated with more certainty than could a variation of
any other kind.”

Wallace (1886), recognizing the similarity of “physiologi-
cal selection” to earlier ideas he had himself communicated to
Darwin for the evolution of intersterility by means of natural
selection, wrote a number of articles rebutting Romanes’ sug-
gestions. He returned to the theme in his major work intended
to update and promote Darwinism thirty years after the
Origin (Wallace 1889). Perhaps his most cogent criticism was
that Romanes had merely asserted the importance of physio-
logical selection (clearly evident also from the Romanes quo-
tation reproduced in the preceding paragraph); he had failed
to propose a convincing mechanism whereby it would occur
or to provide any empirical evidence for its operation. Wallace
(1889, 181-83) introduced a mathematical argument to show
that Romanes’ assertion did not work, showing that eventu-
ally a new and scarcer variety that produced infertile hybrids
with the commoner “wild-type” would die out. The argument
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assumes complete hybrid sterility but works as well with par-
tial sterility.

Nonetheless, Wallace himself reiterated his 1868 ideas
in alengthy and rather diffuse section of nearly 1,800 words
earlier in the same chapter. He argued that hybrid steril-
ity could be explained by means of natural selection. This
passage is today difficult to interpret, and, as if anticipating
the befuddlement of his readers, Wallace used a still rather
lengthy footnote (about 850 words) to elaborate a “briefer
exposition ..., in a series of propositions.” These propo-
sitions were almost identical to those in his 1868 letter to
Darwin.

Wallace’s (1889, 175-78) first idea was that hybrid sterility
might arise “in correlation with the different modes oflife and
the slight external or internal peculiarities that exist between
them.” If so, sterility would be a by-product of the divergent
environments or inherited adaptive change of two emerging
varieties and could be stable to swamping. This can be inter-
preted in today’s terms as a pleiotropy argument: a selective
adaptation to conditions of life can evolve that outweighs
the indirect or pleiotropic disadvantage of the negative side
effects of the same genes on hybrid sterility. Wallace essen-
tially reiterated Darwin’s (1859) hypothesis for the evolution
of hybrid sterility, and this is the one most strongly supported
today.

Wallace’s second, and major argument for the evolution of
sterility should probably be interpreted as a kind of selection
on groups rather than Darwinian natural selection on indi-
viduals. If in one part of the range of a species, diverging into
two varieties under natural selection, hybrids happened to be
more sterile, while in another part hybrids among the same
two emerging varieties were somewhat less sterile, Wallace
(1889,175) claimed that forms showing greater hybrid sterility
would increase more rapidly as a result of their greater genetic
purity owing to better adaptation to conditions causing the
emergence of the divergent varieties in the first place. This is
a tricky argument to make, as it is directly contradicted within
each region by the very same Darwinian argument that he
used against Romanes, outlined later in the same chapter. It
relies on the idea that populations with higher sterility leave
more offspring overall (because of the greater purity and bet-
ter adaptation to local conditions) than populations with
lower sterility (and therefore lower purity). Biologists today
accept that situations under which interpopulation selection
or group selection of this kind outweighs a countervailing
force of natural selection within populations will be rare. If
we view sterility for what it is, a problem for the individual,
we can imagine that sometimes a beneficial adaptation that
also causes sterility will evolve in spite of sterility, because the
benefits of the adaptation outweigh the loss of offspring. This
could lead to greater hybrid sterility as a by-product (Wallace’s
first hypothesis). But by arguing for hybrid sterility as a direct
potential advantage for populations, I think that it is correct to
say (Kottler 1985; N. A. Johnson 2008) that Wallace was falling
into the trap of naive group selectionism (D. S. Wilson and E.
0. Wilson 2007).

A third suggestion by Wallace, again following on from
the earlier correspondence with Darwin, was that new varie-
ties would show a correlated “disinclination to pair.” Wallace
(1889, 172-73, 175-76) argued here that adaptation to different
modes of life would also bring about a reduction in tendency
to pair between divergent varieties, perhaps simply because
organisms specializing in different resources met less often.
Darwin, as we have seen, argued that there was no evidence
for this. In modern terms, this is arguing for what has been
lightheartedly termed a “magic trait” - that is, a pleiotropic
effect that automatically aids speciation (Gavrilets 2004).
Pleiotropic effects of ecological adaptation on mate choice
are today thought to provide an important route to ecolog-
ical speciation (Dres and Mallet 2002; Hendry, Nosil, and
Rieseberg 2007).

There is a fourth and final suggestion, which Wallace
could have made in 1868 or 1889 but apparently did not.
As Darwin had briefly mentioned in his letter of reply to
Wallace, “disinclination to pair” with individuals of a different
type would seem likely to be enhanced by natural selection
because it would reduce the number of useless offspring that
might become sterile. This argument was revived again by
Theodosius Dobzhansky in 1940 and became variously known
as “reinforcement” (Blair 1955; Levin 1970; Butlin 1985), or
the “Wallace effect” (Grant 1966; Murray 1972). Today rein-
forcement is generally accepted as a possibly common means
whereby reproductive isolation is acquired via natural selec-
tion (Coyne and Orr 2004; N.A. Johnson 2008).

POST-MENDELIAN IDEAS OF
PHYSIOLOGICAL SPECIES

By around the turn of the century, many people were again
beginning to argue, in contrast to Darwin and Wallace, that
species should be defined physiologically - that is, by means
of their reproductive isolation (Cockerell 1897; Petersen
1903; Poulton 1904; K. Jordan 1905). With the rediscovery
of Mendelian heredity, William Bateson and the Mendelians
approached the understanding of species from a new, exper-
imental genetics viewpoint; sterility could now be investi-
gated in the laboratory. Bateson reiterated the argument that
Darwin’s definition of species ignored their most impor-
tant feature, their physiological tendency to produce sterile
hybrids (W. Bateson 1913, 1922). Darwin’s was an incomplete
theory of speciation because it could not explain this impor-
tant “specificity” of species in nature, as Bateson called it. By
1926, the Russian geneticist Sergei Chetverikov had argued
that “the real source of speciation, the real cause of the ori-
gin of species is not selection, but [reproductive] isolation”
(quoted in Krementsov 1994, 41).

Russian entomologists and geneticists such as Wilhelm
Petersen, Sergei Chetverikov, and A. P. Semenov-Tian’
Shanskii, as well as workers in the United States and Europe,
who all supported these new ideas on species, were undoubt-
edly strong influences on the young entomologist and later
geneticist Theodosius Dobzhansky (Krementsov 1994). After
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emigrating to the United States, Dobzhansky wrote the most
widely read treatise of this period on the origin of species.
This work blended genetic and Darwinian ideas about speci-
ation for the first time and supported the idea of species being
definable via “physiological isolating mechanisms”: “When
such mechanisms have developed [between two diverging
races|, and the prevention of interbreeding is more or less
complete, we are dealing with separate species” (Dobzhansky
1937, 63).

In an important section, “The Origin of Isolation,”
Dobzhansky argued that hybrid sterility and sexual or psy-
chological isolation could reinforce one another, and that
further isolation could in some circumstances be adap-
tive. As applied to hybrid sterility and inviability, this again
appears to be an example of naive group selectionism (see
especially 257-58), even though in the same chapter he also
accepted Darwin’s argument that hybrid sterility was often
a by-product of divergent evolution rather than a directly
selected influence on speciation. Dobzhansky was promoting
a Darwinian approach to the understanding of speciation,
and he seems to have been careful to avoid a direct critique of
Darwin’s own view of species, which of course differed from
his own.

Ernst Mayr (1942, 1963) adopted Dobzhansky’s repro-
ductive isolation definition of species, and renamed it “the
biological species concept.” As we have seen, he did not shy
away from arguing that this “new” idea of species was very
different from Darwin’s and that it demanded an entirely new
view of the origin of species. In the opinion of Dobzhansky
and Mayr, this new view of species and speciation repre-
sented the modern synthesis of Darwinism and Mendelian
genetics.

SPECIES CONCEPTS TODAY

We have seen how Darwin failed to convince Huxley, his chief
supporter, that it was best not to define species via reproduc-
tive isolation. Huxley’s invention of the term “physiological
species” led first to a resurgence and finally, by the 1960s, an
almost complete acceptance of the idea that the fundamen-
tal nature of species was reproductive isolation - the very
idea that Darwin had tried to disprove. Given that opinions
about the importance of reproductive isolation differed, this
treatment of species as if they were fundamentally and physi-
ologically distinct from varieties led to a search for alterna-
tive fundamental concepts to define species. According to one
concept, a phylogenetic species is a distinct form that retains
stable morphological or genetic differences, whether or not
it is reproductively 1solated (Cracraft 1989). A recent version
of this idea employs Bayesian statistical analyses of genealogi-
cal coalescence to determine the presence of separate, phylo-
genetic species in a set of individual genomic sequence data.
Under this idea of species, one must infer from the genetic
data at least a minimal time of separation between a pair of
populations to classify them as separate species (Yang and
Rannala 2010).

THE VALIDITY OF A DARWINIAN
NOTION OF SPECIES IN 2013

Another view, however, is that a Darwinian delimitation of
species still today has validity: species are separate “geno-
typic clusters” when considered in a molecular genetic sense
(Mallet 1995). Arguing for two species on the basis of genetic
data is equivalent to arguing that there are two sets of indi-
viduals each coming from a population with gene frequencies
that may differ. In other words, one needs only to disprove the
null hypothesis that there is a single population in the array of
individual genetic or genomic data in order to prove that the
presence of two populations is a better hypothesis; and the
method can be extended to multiple populations. If we plot
the distribution of individuals along axes representing multilo-
cus gene frequencies, the distribution will be bimodal if there
are two species, or single peaked if there is only one. Data can
be treated statistically by means of a Bayesian Markov-Chain
Monte-Carlo approach (Pritchard, Stephens, and Donnelly
2000; Huelsenbeck and Andolfatto 2007). This procedure is
called an “assignment test” because it determines the appro-
priate number of distinct populations into which to assign
each of the genotyped individuals in a sample.

Gene frequencies may of course differ if populations are
spatially isolated without necessarily implying speciation,
but if distinguishable populations occur together in the same
region and yet retain differences at multiple loci, the two
populations will generally be accepted to be different species.
Intermediates (or hybrids) may occur, but provided they are
rare in areas of overlap, these populations can be considered
separately delimited species.

Assignment tests are useful in delimiting cryptic species
in many groups, such as flowering plants (Larson et al. 2010;
Zeng et al. 2010), corals (Pinzén and LaJeunesse 2011), but-
terflies (Dasmahapatra et al. 2010), or primates such as mouse
lemurs (Weisrock et al. 2010). These methods are also use-
ful for identifying genetically distinguishable ecological taxa
normally considered below the species level in taxa such as
aphids (Peccoud et al. 2009) or social-group forms of mam-
mals such as the orca (killer whale) (Hoelzel et al. 2007). In
Darwinian terms, such ecological races represent exactly the
“doubtful cases” that Darwin used to suggest that species
evolved from varieties.

Today, it seems, we have come full circle from a general
disregard for Darwin’s view of species to using statistical
methods employing a recognizable Darwinian notion of spe-
cies, although today’s methods tend to use genetic rather than
purely morphological data. Physiological and biological con-
cepts of species can be seen as explanations for the scarcity of
intermediates between species, and so genotypic bimodality
makes as much practical sense to those who support phyloge-
netic or biological concepts of species as it does to those who
feel that Darwin was correct about species all along. Perhaps
now “we shall at least be freed from the vain search for the
undiscovered and undiscoverable essence of the term species”
(Darwin 1859, 485). We shall see.
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Darwin and Heredity

Robert Olby

HARLES DARWIN’S POSITION on the subject of heredity is not the easiest

of tasks to establish. Not only was he working on the subject in the shadow

of Lamarck’s well-known version of the inheritance of acquired characters,
but his own views were crucially shaped by what to him were the more important
elements in the mechanism he was formulating for the transmutation of species. He
never wrote a book specifically on heredity. In his Origin of Species there is not even
a chapter so entitled. How unlike his cousin Francis Galton, who was to write sev-
eral books on the subject, and the philosopher Herbert Spencer, who introduced to
British biologists the term “heredity” in chapter 8 of his Principles of Biology (1864,
vol. 1). Compare this with Darwin’s treatment of variation. This topic is the subject
of three chapters of the Origin - the first, second, and fifth. Six years later Darwin
published his magnum opus, the two-volume Variation of Animals and Plants under
Domestication. Here variation is the theme, but this time three chapters are included
on heredity: chapter 12 on inheritance, 13 on reversion, and 14 on fixedness of char-
acter. Related topics are in chapter 17 on effects of crossing and 19 on hybridism. Of
the remaining twenty-five chapters, one is given to his hypothesis of pangenesis, this
being Darwin’s attempt at a hypothesis that brings together heredity, variation, and
other aspects of the broad field of “generation.”

As for manuscripts, we find in his Transmutation Notebooks beginning in 1837
frequent notes of sources on inheritance, and his discussion of these sources can be
found in the chapters on variation in the Ortgin. The nature of heredity was evidently
of considerable concern to him from the early notebooks right on to pangenesis in
1868. How, then, are we to understand Darwin’s study and theorizing on heredity in
relation to his work as an evolutionist? Was it a “subfield” that he explored “more
with an eye to formulating evolutionary explanations than to solving the internal
problems of the field” (Glick and Kohn 1996, 47)? If so, we may be able to iden-
tify ways in which he exploited and interpreted selected data in his efforts to find a
viable hypothesis for the transmutation of species. For if species are to evolve, varia-
tions not only must occur but must be heritable, and the strength of that heritability
must be lasting. At the same time, he was seeking heritable variations that would
show adaptation. Sudden and large variations, verging at times on monstrosities
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(macromutations), were unlikely to fulfill this requirement.
The kind of heritability that he needed was that associated
with slight differences in physical characters, physiological
constitution, and habits of life.

THE PROBLEM WITH HEREDITY

When Darwin opened his first Notebook on the Transmutation
of Species in 1837, inheritance in its scientific sense was
hardly considered a subject worthy of treatment in its own
right. The first major work to give it that treatment appeared
in 1847. It was volume 1 of Prosper Lucas’s Traite philoso-
phique et physiologique de Uhérédité naturelle. Twelve years
later Darwin (1859, 13) disarmed the skeptical reader with his
candor by acknowledging, “The laws of inheritance are quite
unknown”; and a further nine years later, after giving a long
list of human characteristics that are inherited, he confessed
the difficulty he experienced “in attempting to reduce these
various facts to any rule or law” (Darwin 1868b, 2:16). It was
not the case, however, that he avoided drawing any broad con-
clusions about the nature of inheritance or resisted formulat-
ing a hypothesis aimed at accounting for the data. Why, then,
was heredity a problem for the great transmutationist?

Darwin was not alone. It was a problem for anyone inter-
ested in the subject in mid-nineteenth-century Britain and
elsewhere. Consider, for instance, Darwin’s contemporary, the
philosopher and former physiologist George Henry Lewes.
In 1859 he addressed this question with the following prover-
bial sayings: “That boy is the very image of his mother!” Or :
“That boy is remarkably unlike his parents!” And again: “He
has his father’s talent, or his mother’s sharpness.” “The sons
of remarkable men are generally dunces,” and “Men of genius
have remarkable mothers.” How, he asked, should we under-
stand such contradictory statements? It is as if inheritance
were “very much a matter of chance, and that what we usually
suppose to be evidence of hereditary transmission, is really
nothing more than coincidence.” Refusing this conclusion,
Lewes found an explanation in the varied relative influence
of the two parents in bisexual reproduction. If the “paternal
influence is not counteracted,” he explained, “ we see it trans-
mitted. Hence the common remark, ‘talent runs in families.””
And he concluded that both parents are always represented
in the offspring; and although the male influence is some-
times seen to preponderate in one direction, and the female
in another, yet this direction is by no means constant, is often
reversed, and admits of no absolute reduction to a known for-
mula (Lewes 1859, in Olby 1985, 173) (Fig. 12.1).

But Darwin was aware just how much more complex was
the matter than this. No one, he claimed, could say “why the
child often reverts in certain characters to its grandfather or
grandmother or other much more remote ancestor; why a
peculiarity is often transmitted from one sex to both sexes, or
to one sex alone ” (Darwin 1859, 13). Darwin’s list of mysteries
runs on to the next page. Contrast that with the Frenchman,
Prosper Lucas, who, taking a high-level view of the subject,
considered the data of inheritance as the results of the force of

Ficure 12.1. G. H. Lewes (1817-78) was an English philosopher and critic
(and common-law husband of the novelist George Eliot). Nineteenth-century
lithograph

imatation, governed by the law of hérédité opposing the force
ofinvention, this being governed by the law of inéité. Invention
leads to variability, but heredity restricts such effects within
the limits of the species. This hardly solved the problem of
heredity, and, as Lucas presented it, Nature, while permitting
variation, imposes strict limits to the departure of variations
from the species norm. No recipe for a transmutationist!

THE STRENGTH OF HEREDITY

Already on page 5 of the Origin of Species, Darwin introduces
the reader to “the strong principle of inheritance,” and he went
on to defend this principle against the skepticism of “theoret-
1cal writers.” Foremost on his mind was the well-known histo-
rian Henry T. Buckle, who had complained about the manner
in which claims about inheritance of mental attributes were
made, “the usual course being for writers to collect instances
of some mental peculiarity to be found in a parent and in his
child, and then to infer that the peculiarity was bequeathed.
By this mode of reasoning,” argued Buckle (1857-61, 1:161),
“we might demonstrate any proposition.” Darwin (1859, 13)
responded forcefully:

When a deviation appears not unfrequently, and we see it
in the father and the child, we cannot tell whether it may
not be due to some original cause acting on both; but
when, amongst individuals, exposed to apparently the
same conditions, any very rare deviation, due to some
extraordinary combination of circumstances, appears in
the parent—one among several million individuals—and
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it reappears in the child, the mere doctrine of chances
almost compels us to attribute its reappearance to inheri-
tance. Every one must have heard of cases of albinism,
prickly skin [ichtheosis], hairy bodies, & etc., appear-
ing in several members of the same family. If strange
and rare deviations of structure are truly inherited, less
commoner [sic] deviations may be freely admitted to be
inheritable. Perhaps the correct way of viewing the whole
subject, would be, to look at the inheritance of every
character whatever as the rule, and non-inheritance as
the anomaly.

Nine years later Darwin returned to scold writers who, not
having “attended to natural history, have attempted to show
that the force of inheritance has been much exaggerated. The
breeders of animals would smile at such simplicity; and if they
condescended to make any answer, might ask what would
be the chance of winning a prize if two inferior animals were
paired together? Why,” he asked, “have pedigrees been scru-
pulously kept and published of the Short-horned cattle, and
more recently of the Hereford breed? Is it an illusion that
these recently improved animals safely transmit their excel-
lent qualities even when crossed with other breeds?” Then
he wiped the floor with the skeptics, responding: “Hard cash
paid down, over and over again, is an excellent test of inher-
ited superiority (Darwin 1868b, 2:3)

BLENDING HEREDITY

Although Darwin emphasized the strength of heredity,
he also admitted “how feeble, capricious or deficient the
power of inheritance sometimes is” (Darwin 1868b, 2:17). To
explore this subject, he turned to the results of experiments
in cross-breeding and hybridization. Would the characters
of the dissimilar parents be “blended” in the hybrid progeny,
yielding “intermediate” offspring, or would the character of
one parent be so strong as to become “prepotent” over those
of the other, that is, be “nonblending”? (Prepotent is roughly
equivalent to the Mendelian term “dominant,” but unlike that
term, it was often applied to the species or the individual act-
ing as a whole.) This issue of the strength of heredity was of
crucial importance, for a novel and advantageous character
that blended would, he thought, soon be diluted and ulti-
mately lost by reproduction with the general population. Buta
prepotent character, by its strength might well survive succes-
sive mating with normal individuals and become established.
That i1s why Darwin read widely in the literature on the cross-
ing of varieties and hybridizing of species. It is the reason for
his experimental program in these areas, and his appeal to
the plant and animal breeders, seeking their know-how and
attending their shows.

Darwin placed most confidence in professional sources.
The three he trusted most were the botanical hybridists
Joseph Kolreuter, Carl von Girtner, and William Herbert.
They showed that in hybridization prepotent characters were
seen in all members of the immediate hybrids (or, as we say, the

F, generation) but only in a proportion of the hybrid offspring
(F,). Characters not prepotent, by contrast, were blended,
but in the following generation the original characters might
reappear. In the professional medical literature, Darwin noted
how strongly prepotent characters like polydactyly or prickly
skin converged on the category of monstrosities and were not
therefore adaptive. A number of human diseases, he noted,
were familial (recurring in successive generations of the same
family). Then there were diatheses, or tendencies to the devel-
opment of specific diseases, that emerged in later life, such
as gout, and were also familial, emerging about the same age
in successive members of the family. Agricultural sources
yielded one generalization, “Yarrell’s law,” named after the
eminent ornithologist William Yarrell, according to which the
character longest in breed is strongest.

Of special interest to Darwin was the phenomenon of
“reversion,” or the return of offspring to a character last seen
in a grandparent or, more surprisingly, a character not seen
for generations past or even at no time before. In the latter
case, Darwin admitted he could find no “proximate cause.”
Instead, he suggested it belonged to a presumed ancestor in
the evolution of the species — even hundreds of thousands
of generations ago. Often referred to as “atavism,” Darwin
called it “distant reversion” to distinguish it from reversion
as generally known (the return to a grandparental character).
While this explanation implied the extraordinary persistence
of heredity in such cases, it hardly followed from the widely
used fractional theory of heredity.

HEREDITY IN FRACTIONS

Although admitting the diversity in kinds of hereditary trans-
mission, Darwin frequently applied a test of plausibility
to such data on the basis of the commonly held rule of the
blending of hereditary “blood” in fractions. Originating from
a Spanish American ruling in the eighteenth century to deal
with the legal status of half-castes, the rule was that the hered-
itary contribution of a “black” and a “white” parent to their
offspring 1s half each. Hence the hereditary constitution of
that offspring’s “blood” will be half black and half white, or
“mulatto.” If that offspring then has a child by a white parent
(i.e., a backcross), the fractional constitution of the child will
be one-quarter black three-quarters white. or “terceron,” and
so on. Darwin applied this formula to the botanical hybridists’
claim that to bring a hybrid form back to one of the parental
species by “backcrossing” to that species may require as many
as twelve generations. At that point, Darwin (1859, 106) noted,
“the proportion of blood, to use a common expression, from
one ancestor, is only 11in 2,048, and yet it is generally believed
that a tendency to reversion is retained by this remnant of
foreign blood.” Or take the hybrid plant of the “five-o-clock”
Murabilis vulgaris x M. longiflora. Even after eight generations
of crossing with M. longiflora, he reported, the return to M.
longiflora was incomplete, “although these plants contained
only 1/256th part of M. vulgaris” (Darwin 1868b, 2:88). These
calculations and others he cited did not cause him to reject the
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F1cuRrE 12.2. Gregor Mendel (1822-84), the father of modern genetics. See
also Essay 32, “Early Botany.” Mendel read the Origin soon after a German
translation was published, but he never thought of his own work as contrib-
uting a major piece to the puzzle of evolutionary causes. From W. Bateson,
Principles of Mendelian Heredity (Cambridge: Cambridge University
Press, 1909)

fractional theory. The obvious absurdity of a fractional expla-
nation for distant reversions led him instead to offer a novel
explanation: in each successive generation there has been a
“tendency” to reproduce the character in question, “which
at last, under unknown favourable conditions, gains an ascen-
dancy” (Darwin 1859,161). A tendency is thus not a fraction of
the “blood” or a particle. But what, one asks, is a tendency?
Darwin’s use of the fractional theory as a basis for judg-
ing plausibility indicates his underlying attachment to it.
Prosper Lucas, the author he cited on other matters with con-
fidence, had attacked the theory (1847-50, 2:206-15), a point
Darwin did not mention. Joseph Giirtner, the plant hybridist
Darwin also greatly respected, had classified the numerous
hybrids he had formed into three classes: intermediate (ver-
malltelte) and blended (gemischte); mixed or commingled
(gemengte); and decided or biased (decidirte), that is, hybrids
in which the characters of one parent are prepotent, hiding all
those from the other. Blending was associated with the first
class, but only 12 of Giirtner’s 150 different crosses were in
his judgment belonging to this class. However, Darwin and
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others continued to accept the blending theory and its frac-
tional representation. Among these authorities was the highly
respected botanist and hybridist Carl von Nigeli, who in 1867
used the fractional theory as the basis for his denial of Gregor
Mendel’s interpretation of his experiments (Nigeli 1867, in
Iltis 1932,193) (Fig. 12.2). The hybridist Max Wichura, like
Nigeli, analyzed his researches on the hybridization of wil-
low species in terms of the fractional theory. Also, Francis
Galton’s “Ancestral Law of Inheritance” was structured on
the very same theory (Fig. 12.3). Darwin, it appears, was not
so out of line as one might have thought, adhering to the frac-
tional or blending rule.

SEXUAL AND ASEXUAL GENERATION

Apart from the absence of a consensus on the issue of blend-
ing heredity, had Darwin, perhaps, his own reasons for under-
estimating the extent of nonblending heredity? There was
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a relevant issue. It concerns the distinction between sexual
reproduction based on the union of male and female germinal
material by fertilization and asexual reproduction by budding,.
When Darwin read his grandfather’s book Zoonomia, he had
been very struck by this contrast. Dr. Erasmus Darwin (1794,
1:487) wrote that “buds and bulbs ... exactly resemble their
parents, as is observable in grafting fruit-trees ... whereas the
seminal offspring of plants ... is liable to perpetual variation.”
This was in July 1837, at a time when in a series of notebooks
Darwin began seriously to search for a possible mechanism
for the transmutation of species. Erasmus Darwin found the
contrast “very curious.” So did his grandson. “Why,” he
asked, “is life short. Why such high object generation.” The
existence of two forms of generation and the contrast between
them, he suggested, is due to the fact that the (sexual) germ,
unlike a bud, marks a return to the undifferentiated state. In
doing so, reasoned Darwin, it leaves behind the accumulated
injuries and acquired diseases of the parents. But as germinal
material, he reasoned, it is “plastic” - that is, it 1s highly sus-
ceptible to the effects of the changing conditions of life, and
these cause hereditary variations in the resulting offspring.
Added to this, the germ is required to be fertilized by the male
element, likewise present in the undifferentiated state.

Fertilization also brings together the individual differences
in constitution and inherited characters of two individuals.
Breeding “in-and-in,” Darwin knew, can have deleterious
effects, but breeding out can restore the future constitution of
a family. Here was a possible answer to his grandfather’s ques-
tion of why two forms of generation. Namely, the role of sexual
reproduction is to provide fresh combinations of hereditary
characters and hereditary variations, thereby restoring vitality
to the constitution.

Powerful support for this suggestion came from Darwin’s
study in 1838-39 of the flowers of the primrose. These plants
are all hermaphrodite (bearing flowers with both reproduc-
tive organs), but the flowers are of two kinds. Some plants
bear flowers called “thrum,” the style and stigma (for receipt
of the pollen) being short. Other plants have flowers called
“pin” because of the long style with its stigma projecting at the
mouth of the corolla. These arrangements together with other
differences, Darwin realized, serve to prevent self-pollination
and ensure cross-pollination. This must result in outbreeding,.
This knowledge formed the starting point of an experimental
program he undertook, leading to papers and three books in
later years.

As an aspiring transmutationist Darwin had also to
account for the apparent uniformity of the members of a spe-
cies. If the germ is caused to vary by changes in the conditions
of life, and the population is outbreeding, would not the varia-
tions cause a breakup of the species into a multitude of differ-
ent forms? Therefore, he speculated that sexual reproduction
among the variant forms serves to blend them, thus produc-
ing uniformity. Also, once he had arrived at his conception of
natural selection, he felt he needed slight changes that can be
accumulated over time in an adaptive manner. He was looking
for variations that will show adaptation not to brief periods
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of time but to long ones. Naturally, we see here the expecta-
tions of the transmutationist, one who expected evolution to
proceed, like geological processes, gradually and yield long-
lasting adaptations. The role of sexual reproduction would
then be primarily to blend. Changes in the conditions of life
would yield the variations.

DARWIN’S SOURCES

Darwin’s search for information on inheritance came from
a wide variety of sources. On the inheritance of diseases he
relied chiefly on the physician Dr. Henry Holland and Mr.
W. Sedgwick but also on his own father, Robert Waring
Darwin. On plants he mined the works of the German hybri-
dists Joseph Koélreuter and Carl Girtner, the French hybri-
dist Charles Naudin, and the English horticultural experts
Thomas Andrew Knight and the Honorable William Herbert,
dean of Manchester. On animals he turned to the surgeon vet-
erinarian William Youatt, author of a well-known series of
books on animal husbandry, and to politician and agricultur-
ist Sir John Sebright. These were all professional men with
established reputations. But Darwin did not stop here. Yarrell
had encouraged him to approach the “fanciers” who breed
pigeons to show and sell. Thus he met with men from the
working classes and was instructed in their art. James Secord
(1981) has explained how Darwin sought their experience,
how he listened to their opinions, although their views on
the origins of their breeds he rejected. Whereas they claimed
their breeds represented just as many original species that
once existed, Darwin believed that the wild rock dove was the
original source from which all the pigeon breeders’ forms have
descended. On the other hand, the breeders offered Darwin
plenty of support for the strength of heredity and the extraor-
dinary variety of the many breeds, sufficient to constitute a
whole genus of species (Fig. 12.4).

REVERSIONS AND ACQUIRED
CHARACTERS

Yarrell had earlier drawn Darwin’s attention to the results of
crossing distinct breeds of pigeons. Breeds with none of the
characteristics of the wild rock dove, when crossed, produced
offspring with those very features - the slate blue plumage,
the two black wing bars, white rump and terminal dark tail
bar. Subsequently Darwin read in Boitard and Corbié’s great
book on pigeons (1824) that crosses between certain breeds
of pigeons yielded “only bisets or dove-cot pigeons.” This
report convinced him to breed pigeons himself, a research
project that became a major occupation at the family home,
Down House, in the 1850s. Darwin’s crosses yielded him
offspring with the reported characteristics. Could it be, he
suggested, that they represent a return to these long lost
wild-type colors? If so, this reversion differed from most
reversions, in that it represented a very distant ancestor. The
fraction of the blood from that ancestor would therefore be
infinitesimal, but he described it as a “tendency, for all that
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F1cuRrE 12.4. Theancestral pigeon (formerly known as “rock dove”). From
C. Darwin, Variation under Domestication (London: John Murray, 1868)

we can see to the contrary, [that] may be transmitted undi-
minished for an indefinite number of generations” (Darwin
1868b, 1:202). The fractional theory did not therefore apply
to it. Now, one might expect that he would have pursued this
promising subject from the point of the phenomena of hered-
ity by seeking to correlate it with other results of breeding
investigations. But no. It was for him instead key evidence
for the descent of all breeds of pigeons from the rock dove
(Columba livea.).

Heredity was, however, Darwin’s chief concern when he
compared the size and weight of pigeon skeletons obtained
from domesticated and wild birds. He found a clear differ-
ence, which he attributed to the different degrees of activ-
ity in the wild and domesticated situations. For Darwin, this
was evidence of the inheritance of the effects of the differ-
ent lifestyles - or, as Lamarckians put it, “use and disuse.”
This form of inheritance Darwin always accepted, although
he knew respected authors like Prosper Lucas opposed it.
In the Origin, Darwin had remarked that acquired charac-
ters were “supposed not to be inherited.” He was clearly not
convinced by the skeptics, but he did draw the line at accept-
ing the inheritance of injuries. Later he was impressed by
Brown-Séquard’s report that the guinea pigs whose sciatic
nerve he had divided gnawed off their gangrenous toes and
then bore progeny, thirteen of which were born with defi-
cient toes. Such was the surgeon’s reputation that Darwin
cautiously accepted this report (Darwin 1868b, 2:24) Clearly,
Darwin had always reserved his position on most forms of the
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inheritance of acquired characters. Only the inheritance of
injuries had he rejected until the report from Brown-Séquard
made him reconsider the issue.

AGENCIES THAT AFFECT INHERITANCE

By inheritance Darwin sometimes meant the transmission of
parental characters to the immediate offspring. Reversion, by
substituting grandparental or more distant ancestors, obscures
that direct transmission. Another agency that he considered
affected hereditary transmission was “changed conditions of
life” such as occur in the acclimatization of organisms brought
from other parts of the world and established in Europe.
Variability, and in some cases even sterility, followed. Like
effects often followed also from cross-breeding. In both cases,
he urged, slight changes were beneficial, while drastic changes
were harmful. This “double parallel” led him to conclude
that, when in hybridization and cross-breeding the fertility of
the hybrids is reduced and the variability of their offspring
increased, the cause is the difference between the previous
conditions of life of the two originating species of the cross.
Hence, the act of crossing or hybridizing is not in itself the
cause of the ensuing variability; rather, it is prior changes in
the conditions oflife. Far from continuing to accept his grand-
father’s special status for sexual reproduction, Darwin was
now seeking to deny that status. The discoveries of parthe-
nogenesis, graft hybrids, and bud variation all persuaded him
that the alleged special status of sexual reproduction should
be questioned.

THE PROVISIONAL HYPOTHESIS OF
PANGENESIS

In 1865 Darwin prepared a manuscript entitled “Hypothesis
of Pangenesis.” After major revision, it appeared in the sec-
ond volume of his book The Variation of Animals and Plants
under Domestication (Darwin 1868b) (Fig. 12.5). How and
why he came to formulate this hypothesis is best explored
by turning to the 1865 text, published almost a century later
(Olby 1963). There are three parts to this work. In the first
part, he states and defends his apostasy over the growing
acceptance of a fundamental distinction between sexual and
asexual generation — one that he had earlier accepted. In the
second, he sets out his hypothesis. In the third, he seeks to
demonstrate its explanatory value. Our concern here is only
with the role of the hypothesis in accounting for the phenom-
ena of inheritance.

Darwin’s growing conviction that there is no fundamental
distinction between sexual and asexual generation underlies
pangenesis. The referral of hybrid variation to the effects of
changing conditions of life was one source for this about-face
on his earlier position. Additional support for denying the
sexual-asexual distinction came also from the discoveries of
ova that develop without sex, as in the parthenogenesis of
aphids, and of variations found in graft hybrids and among
buds, neither of which involve sexual fertilization.
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Ficurk 12.5. The title page of The Variation of Plants and Animals under
Domestication (1868). It was here that Darwin introduced his hypothesis of
pangenesis.

Darwin had begun to formulate the idea of pangenesis
in 1841 while reading Johannes Miiller’s great text on physi-
ology, where Schwann’s theory of “free cell formation” was
described (Hodge 1985). Darwin seems to have been unaware
of the rejection of that theory in favor of what by the 1850s
was becoming the accepted theory of cell formation - that of
Robert Remak, Franz Unger, and Rudolph Virchow, which
explained cell formation by division of existing cells. Two
features of Miiller’s account particularly influenced Darwin:
the manner in which, according to Schwann, cells could
form around granules that float freely in a formative fluid
(Schwann’s “cytoblastemma”); and the suggestion that cells
show what Miiller called “elective affinities” for particular tis-
sues and organs, hence becoming appropriately situated in
the developing embryo. Darwin wrote that

protoplasm or formative matter which is diffused
throughout the whole organization, is generated by
each different tissue and cell or aggregate of similar
cells; — that as each tissue or cell becomes developed,

a superabundant atom or gemmule as it may be called of
the formative matter is thrown off; — that these almost
infinitely numerous and infinitely minute gemmules unite
together in due proportion to form the true germ; — that
they have the power of self-increase or propagation; and
that they here run through the same course of develop-
ment, as that which the true germ, of which they are to
constitute elements, has to run through, before they can
be developed into their parent tissue or cells. This may
be called the hypothesis of Pangenesis. (Darwin, in Olby

1963, 258-59.)

Darwin’s gemmules are the specific particles or constituents
of the protoplasm. They are thrown off by their respective tis-
sues and are “diffused throughout the whole organization,”
giving rise to fresh protoplasm, that congregates in buds,
and collects in the reproductive organs. “On this view,” he
explained, “we must believe that the reproductive organs do
not by any means exclusively form the generative protoplasm,
ifindeed they form any ofit, but only select and accumulate in
the proper quantity, and make it ready for separate existence”
(Darwin in Olby 1963, 258).

How, then, does this hypothesis support Darwin’s views
on inheritance? It confirmed his conclusion from other con-
siderations: “It is not inheritance, but non-inheritance, which
1s the anomaly.” That some characters are not inherited he
attributed to reversion or to “the conditions of life incessantly
inducing fresh variability.”” Reversion can be understood in
terms of those gemmules that remain latent for any number
of generations before becoming developed. Or their expres-
sion can be initiated by changes in the conditions of life or
by crossing. As for the inheritance of acquired characters,
Pangenesis accommodates it, for altered organs will send their
kind of gemmules to the reproductive system. On the inheri-
tance of injuries he was cautious. He knew of a case in which
the same organ had been removed over several generations
but still reappeared. However, “if mutilations are ever inher-
ited,” he opined, “... we could in some degree understand
the cause.” He described the inheritance of the effects of use
and disuse as “most perplexing” but supposed that the tis-
sues thus affected “could throw off gemmules endowed with
all the qualities which they have acquired” (Darwin in Olby
1963, 259).

He called pangenesis a “provisional hypothesis” not like
natural selection, which he referred to as “my theory.” But the
extent of the phenomena that he could explain with his intro-
duction of the gemmules made him confident. When in 1865
Huxley pointed out that the Virchowian cell theory required
that all cells are derived from preexisting cells by division,
Darwin simply made his gemmules an additional source of
units likewise capable of self-division. This made the hypoth-
esis look as if refashioned only to avoid rejection. However,
Darwin was introducing a particulate hypothesis of heredity,
and the particles were of many kinds and were associated with
particular tissues and characters. The species no longer acted
as a whole in heredity.
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FRANCIS GALTON’S CRITIQUE

In 1869 Francis Galton decided to test pangenesis, and when
he published his results, he remarked that “its postulates are
hypothetical and large, so that few naturalists seem willing to
grant them. To myself, as a student of Heredity, it seemed of
pressing importance that these postulates should be tested”
(18712, 394). Why not test the requirement that the gemmules
enjoy free circulation around the body? Accordingly, his
plan was to introduce blood from rabbits with colored coats
to silver-gray rabbits and report any change in coat color of
the silver-gray progeny. The experiments were of three kinds:
moderate partially defibrinized transfusions, large transfu-
sions wholly defibrinized, and cross-circulation via the carotid
arteries. The latter class he judged the most convincing. It
yielded eighty-eight offspring in thirteen litters, but not one
rabbit showed any alteration of the coat color. Nor were there
any results from the other experiments supportive of pangen-
esis. In the spring of 1871 these results were published in the
Proceedings of the Royal Society (Galton 1871a). Darwin (1871b)
promptly wrote to Nature complaining that he had not spec-
ified circulation in the blood stream. Galton (1971b) replied
pointing out that Darwin’s (1868b, 2:374) words “circulate,”

“freely,” and “diffused” imply a return to the starting point.
Where else than the blood system would that be achieved?
But he tactfully suggested that he had just been misled by
Darwin’s language in pangenesis, and the issue was allowed to
die (Galton 1871b, 6; Bulmer 2003, 118).

CONCLUSION

One might be tempted to say that heredity was Darwin’s
“Achilles’ heel.” More justly it is clear that he elevated the
visibility of the subject of heredity and emphasized the dis-
tinction between hereditary transmission and expression. In
pangenesis, he freed the inheritance of individual characters
from the hold of the species acting as a whole, and he stimu-
lated others to theorize on heredity (e.g., De Vries 1889).
How should we interpret Darwin’s apostasy over the sex-
ual-asexual distinction and his apparent oblivion over “free”
cell formation? Clearly he had not been following develop-
ments in cytology, for these had implications for both issues.
True, Darwin was both a naturalist and an experimentalist.
But as a theoretician, he had overriding concerns. Indeed, one
biologist described Darwin’s mind as “directed to the conclu-
sions he hoped to reach or confirm” (Darlington 1953, 97).
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Darwin and Time

Keith Bennett

ARWIN’S THEORY OF evolution by natural selection required time for its

operation. Darwin (1859, 287) knew that “it is highly important for us to

gain some notion, however imperfect, of the lapse of years.” He needed
some 1dea of the total amount of time available and the rate at which evolution took
place, but he lacked data on both. Perhaps he was minded of the situation he faced
when cataloging the world’s coral reefs and developing a theory for their origin, when
he had to resort to unquantified phrases such as “slowly sinking” and “prolonged
subsidence” (Darwin 1842c). For evolution, he had some relative data on roughly
in which order certain taxa had evolved through geological time, but he also lacked
detail here, especially with regard to the most recent parts of the geological record,
and so he kept a close eye on the rates of appearance of domesticated varieties in
relation to the archaeological record (Darwin 1868b). He became entangled with
involved discussions on matters for which we now have far more complete data, but
where his instincts were broadly correct. On the other hand, he and his contempo-
raries lacked information on the complexity and rapidity of geological changes (e.g.,
during the Quaternary period) which might well have made a substantial difference
to how he formulated and presented his theory of evolution. In this chapter, I briefly
discuss these aspects of how knowledge, or lack of it, influenced Darwin’s ideas.

THE AGE OF THE EARTH

The first edition of On the Origin of Species (Darwin 1859) predates any significant
attempt at a figure for the Earth’s age. Darwin’s ideas matured in the early years of
scientific discussion of topics for which contemporary answers had been provided
by the Bible, and interpretations of it (including the suggestion of Buckland [1836]
that “millions and millions of years” might have passed between the Creation and
the Mosaic narrative). Scientific rationale for understanding the age of Earth was,
however, in its infancy (Dalrymple 1991), and Darwin was concerned that objections
would be raised against his theory of evolution by natural selection on the grounds
that Earth was not sufficiently old, although many geologists were apparently think-
ing of increasingly long periods of time since the origin of Earth (A. Geikie 1893).
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F1GuRre 13.1. A diagram from the 1840s showing the denudation of the Sussex Weald. From A. C. Ramsay, On the
denudation of South Wales and the adjacent counties of England, Memoirs of the Geological Survey of Great Britain,
and of the Museum of Economic Geology in London 1 (1846): 297-335

Darwin discusses examples from the geological record indi-
cating the passage of substantial periods of time, emphasiz-
ing repeatedly the slowness of processes involved (rate),
and hence the vast amounts of absolute time involved. Then
Darwin presents an extraordinary back-of-envelope calcula-
tion in which, for the first time, he puts a number to rates and
the amount of time involved for one particular episode.

This single calculation concerned the denudation of the
Weald, where Upper Cretaceous rocks (chalk) on the top
of an uplifted dome in southeast England have been eroded
away, exposing underlying Lower Cretaceous rocks (Fig. 13.1).
Darwin argues that the sedimentary rocks to a thickness of
1,100 feet have been eroded back 22 miles. He suggests that a
cliff 500 feet in height might erode at 1 inch per century, and
it is implicit from this (but not stated by Darwin) that a cliff
of 1,100 feet would erode proportionately slower, namely 1
inch per 1,100/500 = 220 years. One mile = 63,360 inches, so,
assembling these estimates, he argues that the denudation of
the Weald would have taken 22 x 63,360 x 220 = 306,662,400
years, “or say three hundred million years” (Darwin 1859,
287),and continues by suggesting briefly that in all probability
the real answer is longer.

So far as I am aware, this estimate of Darwin’s was the
first scientific attempt at the passage of geological time, and
the first to place the Earth’s age into the realm of at least
hundreds of millions of years (presumably much more). As
an estimate of the age of the Weald denudation, it is in the
right order of magnitude of the total time elapsed since origi-
nal deposition of the rocks concerned, but falls short of mod-
ern estimates of the Earth’s age by one order of magnitude.
Darwin may have been grasping for any hard evidence of the
passage of vast periods of time which his theory needed, but
even he seems not to have fully grasped just how much time
was potentially available, and he may have felt that suggest-
ing ages as old as hundreds of millions of years was as far as
he could go, given a background of popular understanding
of the order of thousands of years. He may also have realized
the weakness of his estimates (“appallingly naive,” according
to Burchfield 1974). In the second edition, the same calcula-
tion is presented but followed by a more cautious “perhaps it
would be safer to allow two or three inches per century, and
this would reduce the number of years to one hundred and
fifty or one hundred million years” (Darwin 1860a, 287). An
article in the Saturday Review (Anonymous 1859) ridiculed
Darwin’s calculations from a geological viewpoint, conclud-
ing that “Mr. Darwin has enormously over-rated the amount

Ficure 13.2. William Thomson, Lord Kelvin, the physicist who insisted
that there is not enough time for a leisurely process of change fueled by natu-
ral selection. Permission: Wellcome

of time which can legitimately be demanded to account for the
geological phenomena.” The writer’s criticisms are directed
to showing that Darwin’s estimates are too generous, although
an argument could equally well have been written to claim that
the estimates are not generous enough: the data are simply
too crude. Darwin was mortified by this and other attacks, so,
despite support from some of his friends (Burchfield 1974), he
backpedaled, and the offending calculation disappeared from
the third edition of the book (1861), although not necessarily
from his way of thinking. The fourth edition of On the Origin
of Species (1866) is noticeably silent on the question of time
scales, beyond a passing and lyrical reference to “Let this pro-
cess go on for millions on millions of years” (210).

Darwin returns to the fray in the fifth edition, with ref-
erence to the then recent calculations of Thomson (Lord
Kelvin) (Fig. 13.2). Thomson’s first publication on the subject
seems to have been an abstract read at the 1861 Manchester
meeting of the British Association for the Advancement of
Science. He makes some estimates of likely cooling rates for
the sun (based on data and notions that are hardly better than
those in Darwin’s Weald calculations), and concludes that it is
“most probable that the Sun has not illuminated the Earth for
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100,000,000 years, and, almost certain that he has not done
so for 500,000,000 years” (W. Thomson 1862). Thomson’s
views were considered highly authoritative. They dominated
thinking on the age of the sun and Earth for four decades
(Dalrymple 1991), and his calculations on the age of Earth were
endorsed by Croll (1864). Thomson launched a direct attack
on those geologists who wanted a long time scale, declaring
that “ all geological history showing continuity of life, must be
limited within some such period of past time as one hundred
million years” (W. Thomson 1868, 25), and he was counter-
attacked on behalf of geologists by Thomas Huxley (1869),
their self-declared “attorney-general.”

Darwin (1869, 379) acknowledged these calculations in
On the Origin of Species, without going into details of the
debates:

Here we encounter a formidable objection; for it seems
doubtful whether the earth in a fit state for the habita-
tion of living creatures has lasted long enough. Sir W.
Thompson [sic] concludes that the consolidation of
the crust can hardly have occurred less than 20 or more
than 400 million years ago, but probably not less than 98
or more than 200 million years. These very wide limits
show how doubtful the data are; and other elements may
have to be introduced into the problem.

It was more than twenty years later before A. Geikie (1893)
was able to assert that the geological record had to be taken
seriously, and that there must be some flaw in the physicists’
calculations, though he did not know what it might be. Darwin
thus faced attack on his longer time scale from, first, geologi-
cal and, later, physical considerations. He seems to have had
problems reconciling initial justified criticism of his geologi-
cal calculations and the apparent rigor of the physicists’ cal-
culations, on one hand, with his own feeling that much longer
periods of time were needed to explain the evolution of life,
on the other. The debates of 1868-69 (W. Thomson 1868;
T. H. Huxley 1869) appear to indicate that geologists were
broadly on Darwin’s side by then, as far as the age of Earth
was concerned, but could not handle the physicists’ argu-
ments. Thomson clearly had no doubts about who was right,
declaring that a “hypothesis that life originated on this Earth
through moss-grown fragments from the ruins of another”
was at least “not unscientific” (W. Thomson 1872). This does
have the merit of disposing of the time scale problem, but
hardly of the question of how life evolved, or at what rate. The
issue of the length of time available for evolution remained,
for Darwin, one of the most significant objections he faced for
his theory right through to his last edition of On the Origin of
Species (1872a).

THE ICE AGES

That parts of Earth had once been more extensively glaci-
ated than at present was first brought to scientific attention
by Louis Agassiz (1840). He traveled in Britain and presented
papers at the annual meeting of the British Association for

the Advancement of Science (BAAS) (Agassiz 1841) and the
Geological Society of London (GSL) (Agassiz 1842), the latter
followed by supporting papers read by Buckland (1842) and
Lyell (1842). Collectively, these papers and contemporary dis-
cussions established the glacial theory in Britain, and Lyell,
among others, adjusted some of his geological interpretations.
However, recognizing the phenomenon was one thing; recog-
nizing the complexity, time scale, and significance took longer.
In the ninth edition of his textbook (Lyell 1853), the version
current for the writing of On the Origin of Species, the “glacial
epoch”is mentioned only once, and then in the context of not
letting it obscure evidence for an earlier period with climate
warmer than present:

It will naturally be asked, whether some recent geologi-
cal discoveries bringing evidence to light of a colder, or
as it has been termed “glacial epoch,” towards the close
of the tertiary periods throughout the northern hemi-
sphere, does not conflict with the theory above alluded
to, of a warmer temperature having prevailed in the eras
of the Eocene, Miocene, and Pliocene formations. In
answer to this inquiry, it may certainly be affirmed, that
an oscillation of climate has occurred in times immedi-
ately antecedent to the peopling of the earth by man; but
proof of the intercalation of a less genial climate at an era
when nearly all the marine and terrestrial testacea had
already become specifically the same as those now living,
by no means rebuts the conclusion previously drawn, in
favor of a warmer condition of the globe, during the ages
which elapsed while the tertiary strata were deposited.

(Lyell 1853, 75)

Lyell’s opinions on the significance of this “glacial epoch,”
at least as far as the evolution of life is concerned, may have
strengthened somewhat in the next few years, for in 1856, at
the end of a long letter about uplift of continents, he was writ-
ing to Darwin:

And why do the shells which are the same as European
or African species remain quite unaltered like the Crag
species which returned unchanged to the British seas
after being expelled from them by Glacial cold, when 2
millions? of years had elapsed, and after such migration
to milder seas. Be so good as to explain all this in your
next letter. (Darwin 1985-, 6:146, letter, 17 June 1856)

Darwin replied promptly, but he commented only on the uplift
aspect of the letter (in a postscript on 18 June 1856 of a letter to
Joseph Hooker, and in reply to Lyell on 25 June 1856 [Darwin
1985-, 6:147; 6:153-55]), and did not reply directly to Lyell’s
closing question or comment on it anywhere else at the time.
Darwin was well aware of glaciers, not least because he had
seen them in Tierra del Fuego (Darwin 1839a). Following the
BAAS and GSL meetings, he traveled to Snowdonia to make
his own observations of glaciated landscapes, and clearly
had no doubt of the existence of former glaciers in Britain,
down to sea level (Darwin 1842a), so he was well aware of the
phenomenon of a “glacial epoch.” He discusses it at several
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points in On the Origin of Species, and noted that the “glacial
epoch” lasted “for an enormous time, as measured by years,”
and argued that the cold period was simultaneous through
out the world (Darwin 1859, 374). There is also one passage
that might be as near as he came to an answer to the question
in Lyell’s letter. In discussion of changes in geographical dis-
tribution during the “glacial period,” he writes:

The arctic forms, during their long southern migration
and re-migration northward, will have been exposed
to nearly the same climate, and, as is especially to be
noticed, they will have kept in a body together; conse-
quently their mutual relations will not have been much
disturbed, and, in accordance with the principles incul-
cated in this volume, they will not have been liable to
much modification. (368)

On the other hand:

Alpine species ... must have existed on the mountains
before the commencement of the Glacial epoch, and
... during its coldest period will have been temporar-
ily driven down to the plains; they will, also, have been
exposed to somewhat different climatal influences. Their
mutual relations will thus have been in some degree dis-
turbed; consequently they will have been liable to modi-
fication. (369)

These are extraordinary statements. The whole book is a
long argument for a theory about how species evolve through
adaptation to changing environments. Then, when faced with
evidence for a major environmental change (continental glaci-
ation), Darwin finds a way to argue that there should not have
been much change, for the broad mass of organisms, possibly
because Lyell had convinced him that that is what the fossil
record showed (“Consider the prodigious vicissitudes of cli-
mate during the Pleistocene period, which includes the whole
glacial period, and note how little the specific forms of the
inhabitants of the sea have been affected” [336]). His argu-
ment answers Lyell’s question about species survival through
the “glacial period” but hardly advances the cause of Darwin’s
own main argument. If there is not much change during envi-
ronmental changes as dramatic as continental glaciation, what
scale of environmental change is needed to bring about “mod-
ification”? And why do the altitudinal shifts of Alpine species
make them liable to modification but latitudinal shifts of other
species do not? One possible explanation of the way Darwin
was thinking in 1859 was that he, along with Lyell, had not yet
appreciated the scale or intensity of the Quaternary ice ages,
and this period was regarded as a detail with little overall sig-
nificance in the grand scheme of the evolution of life (a view
that still exists today). He also had little idea of the time scale
of the “glacial period,” although the figure of “2 millions? of
years” mentioned by Lyell may give some inkling of the kind
of time scale that was being thought about in the 1850s, and it
was a pretty good estimate for the whole period of Northern
Hemisphere glaciation, as it turned out. Coincidentally, in
1859 archaeologists were pushing the antiquity of humans

F1cuRrk 13.3. James Croll (1821-90), a scientist who developed a theory of
climate change based on changes in the Earth’s orbit. Nineteenth-century
lithograph

back into the ice ages (Gamble and Moutsiou 2011), lengthen-
ing their own time scales.

Croll (1864) suggested that geologists of the time were
generally reluctant to consider glacial cold seriously because
of their wider understanding that Earth had been cooling
throughout geological time and thus that any colder episodes
were not part of the grand scheme (Fig. 13.3). His 1864 paper
marks the beginning of a series of articles arguing that changes
in Earth’s orbit, through its eccentricity and precession of
the equinoxes, were responsible for driving climate change,
including periods of glaciation. Further, he argued that under-
standing the relationship between geological periods and
orbitally forced climate change held the prospect of being able
to assign absolute ages to geological periods, and he began
by suggesting a figure of 100,000 years since the last “glacial
epoch.” At this stage, detailed calculations of how eccentricity
varied through time had not been made, but Croll began the
task and published tables of calculated eccentricity data (Croll
1866, 1867a). In these papers, he argued that during periods
of high eccentricity, precession would have had the greatest
impact, giving periods of maximum cold, and thus glaciation.
He noted that the glacial period spanned the interval from
240,000 to 80,000 years ago, preceded by an interval of three
major glaciations between 1,000,000 and 700,000 years ago
(Fig. 13.4). Croll (1868) suggests that these earlier periods
were either the “boulder clay” periods of the most recent gla-
ciation or colder stages within the Miocene, but he inclined
toward the latter view because it gave a shorter overall geolog-
ical time scale. Croll (1867b) realized that Earth’s angle of tilt
(obliquity) also varies and published on how this would affect
climates of higher latitudes.
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F1GURE 13.4. A diagram based on James Croll’s calculations, showing the
high points of eccentricity in the past million years

Geologists of the late 1860s would thus have been think-
ing, first, that there had been a single glacial period and, sec-
ond, that it should be dated at hundreds of thousands of years
ago, probably around 100,000 to 200,000 years ago. Lyell
(1867, 1868) incorporated this thinking in his book from 1867.
Darwin made no mention of Croll in the 1866 fourth edition
of On the Origin of Species but uses his work extensively in the
fifth (1869). Croll’s arguments blend the time scales of eccen-
tricity variations (ca. 100 kyr), which are actually negligible in
terms of solar insolation, with the effects of precession of the
equinoxes (periodicity ca.20 kyr) at times of extreme eccentric-
ity, which have substantial consequences for the distribution
of solar insolation with latitude and season, and in an oppo-
site sense between the Northern and Southern Hemispheres.
Darwin liked this argument, checked it with Croll by letter in
1868 in which he asked explicitly for confirmation of the argu-
ment that the Northern Hemisphere would be warm while the
Southern Hemisphere is cold, and vice versa (Campbell Irons
1896), and then used it as explanation of the likely behavior of
organisms during periods of glacial cold:

In the regular course of events the southern hemisphere
would be subjected to a severe Glacial period, with the
northern hemisphere rendered warmer; and then the
southern temperate forms would in their turn invade
the equatorial lowlands. The northern forms which had
before been left on the mountains would now descend
and mingle with the southern forms. (Darwin 1869,

456-57)

And this mixing of species by distributional shifts between
hemispheres provides a mechanism for “modification”:

But the species left during a long time on these moun-
tains or in opposite hemispheres, would have to compete
with many new forms and would be exposed to some-
what different physical conditions; hence they would be
eminently liable to modification, and would generally
now exist as varleties or as representative species; and
this is the case. (Darwin 1869, 457)

Darwin thus now had a mechanism, thanks to Croll, for gener-
ating “modification” from oscillating glacial climates covering
awider range of species than just the Alpine species of the first
edition but dependent on the climatic oscillations of the two
hemispheres being out of phase (shifting his position from the
first edition of On the Origin of Species), which might be taken
as a measure of Croll’s influence.

And, that, essentially, is where he leaves it. Wallace (1870b),
however, appreciated the more general potential significance
of more rapid oscillations of climate on the precession time
scales and argued that these would have resulted in general
distribution changes of species, in both extinction and rapid
modification. He proposed that the precession oscillations at
times of high eccentricity would have driven speciation and
that this in turn might be used to estimate the length of geo-
logical time.

After 1870, Croll consolidated his arguments and cal-
culations in a book (1875), including illustrations of Earth’s
orbital variations and diagrams of his calculations, but Darwin
does not develop his text or theory any further. In 1871, James
Geikie started publishing a series of papers in Geological
Magazine, culminating in a synthesis (1872) with a table indi-
cating how the “glacial epoch” could be subdivided into inter-
vals of warmer and colder climate, and using terms such as
“Recent Period,” “Post-Glacial Period,” “Last Glacial Period,”
“Last Interglacial Period,” and “Great Cycle of Glacial and
Interglacial Periods” and he identifies the Norwich Crag with
a “Pre-Glacial Period” (Fig. 13.5). For the first time, we begin
to see a notion of the geological complexity of the ice ages.
Darwin must have been well aware of this, but by this time he

F1cURE 13.5. James Geikie (1839-1915), younger brother of Archibald and
his successor to the Murchison Professorship of Geology and Mineralogy at
the University of Edinburgh. Nineteeth-century lithograph.
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had ceased to make substantive changes to On the Origin of
Species in particular, or his theory of evolution in general, and
turned his attention to worms, orchids, emotions, and other
aspects of biology and ecology that can be readily observed.
These works include numerous detailed observations and
experiments that involve time (e.g., Darwin 1875b; 1880,1881),
but not even in Descent of Man (1871a), which he developed
during the 1870s, is there reference to the current thinking of
Croll, James Geikie, or others on the complexity of the recent
past in which humans evolved, even though this book might
have been a chance to update the geological thinking of the
last editions of On the Origin of Species.

SCALING OF THE TREE OF LIFE

On the Origin of Species contains just one figure (see Fig. 6.3),
but it is a powerful one, resembling strikingly the torrent of
molecular phylogenetic trees that now fill the scientific lit-
erature. Darwin (1859) discusses it for no less than eleven
pages, indicating the importance that he attributed to this
style of presentation of evolution and descent with modifi-
cation, and it does have many aspects of interest. In terms of
the way that Darwin thought about time, a noteworthy aspect
is that it is self-scaling (although Darwin does not use that
terminology):

If we suppose the amount of change between each hori-
zontal line in our diagram to be excessively small, these
three forms may still be only well-marked varieties;
or they may have arrived at the doubtful category of
sub-species; but we have only to suppose the steps in the
process of modification to be more numerous or greater
in amount, to convert these three forms into well-defined
species. (120)

In the diagram, each horizontal line has hitherto
been supposed to represent a thousand generations, but
each may represent a million or hundred million genera-
tions. (124)

In other words, although the main discussion treats this as
the representation of the evolution of a genus over fourteen
thousand generations, it can equally well be taken to repre-
sent the evolution of lower taxonomic categories over shorter
periods of time, or high categories over longer periods of time.
Darwin must be thinking here, first, that taxonomic categories
are somewhat arbitrary, with amounts of difference related to
the passage of time, and, second, that available time is more
or less continuously available, presumably unbroken by cli-
matic or other environmental changes that would introduce
discontinuities into the way that the diagram scales with time
and taxonomic level. His use of the phrase “hundred million
generations” slips long time-scale thinking into the book.
The diagram and its discussion remain essentially the same
through to the sixth edition of On the Origin of Species (1872a),
although the text is rearranged.

CONCLUSION

Darwin’s relationship with time was complex, and he had
problems with both longer and shorter time scales. His first
geological book discussed the formation of coral reefs over
patently long periods of time without ever quantifying that
time (Darwin 1842c). With On the Origin of Species, he begins
with a great idea about how life might have evolved, realizes
that this would take amounts of time that were almost incon-
ceivably long, does some rough calculations to support this
very long time scale, and 1s immediately shot down by geolo-
gists for the crudity of the calculation (which must have been
very frustrating). Along comes Thomson with an argument
for a short time scale that seems equally weak today, but has
all the force of a powerful physicist behind it, and Darwin
is unable to stand up to it, beyond repeating to the last that
200 million years “can hardly be considered as sufficient for
the development of the varied forms of life” (Darwin 1872a,
286), and hinting at an improbable olive branch proffered
by Thomson “that the world at a very early period was sub-
jected to more rapid and violent changes in its physical con-
ditions than those now occurring; and such changes would
have tended to induce changes at a corresponding rate in the
organisms which then existed” (286). Darwin was certain of
the long time scale, and may have done more than most to
stand up to Thomson, but he was never able to nail the argu-
ment. He did, however, repeatedly emphasize the length of
time he thought was required for modifications to take place
(e.g., Darwin 1868b).

The situation is very different at the shorter end of the
temporal range. Darwin was, mostly, writing in an era where
it was assumed that climate changes of the past (which geo-
logical evidence showed had occurred) were of long peri-
odicity and slow in rate. Lyell writes, for example, about a
“great year” during which the world passes successively
through warmer (“summer”) and colder (“winter”) periods
and even, just to be clear about the time scale, writes lyri-
cally about a time in the future when “the huge iguanodon
might reappear in the woods” (1830-33, 1:123). Geologists
were also generally aware that Earth might be still cooling
from an original molten state, which would suggest a gen-
erally steady cooling climate throughout geological time,
however long that might have been. There was no notion
that changes might have taken place more frequently or rap-
idly, and thus Darwin was placing his theory of evolution
of life against a steady-state background (of which his tree
figure [Fig. 6.3] is an example), and not even the advent
of Agassiz and the glacial theory did much to disturb that.
Only during the 1860s did Croll manage to bring home to his
contemporaries that matters might not be that simple, and it
is noteworthy that his arguments come from astronomy and
physics, rather than from the direct evidence of the rocks
themselves. By the 1870s, the rock evidence, as presented by
James Geikie, was catching up, and revealing glimpses of a far
more complex recent geological record than even Croll had
imagined.
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Much of this passed Darwin by, so far as incorporation
in his main thinking and publishing was concerned. For all
essential purposes, his theory of evolution of natural selec-
tion was developed without knowing the time scale of orbit-
ally forced climatic change, the relationship between that
time scale and the longevity of species, and how organisms
and species respond to rapid climate change. We now under-
stand that Earth’s climate varies at time scales of 20 to 100
kyr, with precession (20 kyr) important at all latitudes, oblig-
uity (40 kyr) dominant at higher latitudes, and eccentricity
(100 kyr) only weakly evident, but it may combine with other
factors to produce a quasi-100-kyr oscillation within the
most recent 700 kyr. We understand the existence of plate
tectonics on much longer time scales and appreciate that this
interacts with the permanent orbital variations to produce
shifts in global climate on these longer time scales, and that
these are much more significant than any trend resulting from
Earth cooling from its molten origin. Lyell, Darwin, Croll,
and James Geikie were all, in their own ways, struggling to
make initial sense of what we would now see as an almost
impossibly dynamic world.

What would Darwin make of modern understanding of
these time scales? He would obviously be delighted to know
that Earth is some 4.5 billion years old, with hundreds of mil-
lions of years of time for the evolution of multicellular life
since the Precambrian. This is exactly what he expected all
along, and brilliantly (if prematurely) gave a sense of with his
Weald calculations. On the other hand, seeing the complexity
and rapidity of climate changes of the past 2 million years or
more might well have brought him up short. Major climate
change and glaciation with repeated subcontinental scale
shifts in distribution might well have excited the biogeogra-
pher in him, but surely this should have generated “modifi-
cation,” as Wallace (1870b) argued? Except it did not — both
fossil-based paleoecology and molecular phylogenetics agree
in placing lineage splits of modern species predominantly on
time scales of millions of years ago, not the tens or hundreds
of thousands of years ago that would indicate forcing by these
climate changes. We will never know how he would have
reacted to this knowledge, but with the benefit of hindsight
it is one that he should have worried about much more than
Thomson’s limited age of Earth.
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Darwin’s Evolutionary Botany

Richard Bellon

UMBLEBEES, INSISTED A writer signing himself Ruricola (1841) in the

Gardeners’ Chronicle, wrought terrible damage on bean crops by rapaciously

drilling holes in the bean flowers in search of nectar. Ruricola advised garden-
ers to protect their crops from these costly acts of vandalism by eradicating bees’ nests
as soon as bean flowers bloomed. Charles Darwin (1841) responded four weeks later
with a vigorous, if qualified, defense of the bees, “these industrious, happy-looking
creatures.” The boring did little material damage to the flower, he insisted. The bees’
activity perhaps did the plants an injury nonetheless, but in a more indirect, perfidi-
ous way than Ruricola imagined. The plants offered nectar to the bees in exchange
for transferring pollen from flower to flower. The bees, by lapping up their reward
without earning it by brushing over the reproductive parts of the flower, were in effect
“picking pockets.”

This short communication, written in the summer of 1841, was Darwin’s first
public remarks on a defining passion of his life. Over the next forty years he published
numerous articles and books on the complex relationship between the reproductive
organization of flowering plants and their environment. After the publication of the
Origin of Species in 1859 he promoted evolution as the unifying principle behind
his botanical breakthroughs. The German botanist Hermann Miiller (1879, 2), one
of many naturalists who built a career advancing Darwin’s approach, declared that
this marriage of evolution and botany provided “the key to the solution of the riddle
of the flower.” This solution was not, of course, on offer in his response to Ruricola.
But in this modest communication, so seemingly inconsequential when laid next to
the panoramic generalizations of the Origin, we discover the epitome of Darwin’s
scientific character.

His deep love of outdoor science pours from every line. A sunny day devoted
to systematically recording bees flying from flower to flower at London’s Zoological
Garden was time perfectly spent. The article is dense in original observational detail.
He reported exhaustive investigations of insect-flower interactions made over the
course of two summers over several locations — no armchair theorizing here. But nei-
ther did he find pleasure in one-dimensional empiricism. His impatience with mere
observation radiates through the entire piece. Discrete observations accumulated
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into larger conclusions, and larger conclusions guided further
observation.

He reported that country bees, unlike their London cous-
ins, had not (yet?) adopted the practice of flower boring. He
speculated that this city cunning was acquired knowledge: if
true, this had deep implications for the scientific understand-
ing of insect behavior. He noted that bees aggressively pursued
their own advantages in direct violation of a mutual duty to
flowers that “nature intended” of them. But this intention, he
slyly intimated, was simply an artifact of human misassump-
tions about “the, so imagined, final cause of their existence.”
The bees’ true “final cause” was their own selfish advantage,
and their partnership with flowers was merely a precarious
bargain subject to constant cheating and renegotiation. Static
natural harmony was an illusion; that was the provocative sub-
text. In retrospect the post-Origin reader can disinter an idea
buried even deeper. Darwin recognized that small permuta-
tions of life, like a few crafty bees breaking their compact with
flowers, drove profound coevolutionary change when accu-
mulated and multiplied over geological time. But, of course,
he did not even whisper this in 1841.

The place of publication was also significant. The weekly
Gardeners’ Chronicle, then in its inaugural year, opened a spa-
cious commons shared by overlapping communities of farm-
ers, horticulturalists, and naturalists. Darwin was a founding
member of the level-headed, practically minded community
that congregated around this periodical; years later he listed
his occupation for alocal directory as “farmer” (Browne 2002,
6). His theorizing, for all its audacity, carried the earthy aroma
of the field, garden, and hedgerow.

The Origin,if taken inisolation, provides a misleading pic-
ture of his character and genius. By distilling his theory to its
most fundamental form (an abstract, he called the book), the
Origin offers an unbalanced view of the relationship between
theory and research in his life and science. He did not observe
merely to support this theorizing; he also theorized to guide
his observations, to aid and advance the homely work that he
(and so many other faithful readers of Gardeners’ Chronicle)
loved. Darwin was never happier than when his knees were
muddied in the observation of some small but new fact about
the natural world.

The story of Darwin and his flowers is not peripheral to
his great revolution. It embodies it.

AN ORDER SUBMITTED TO
GENERAL LAWS

In order to understand the role of plants in Darwin’s life, we
have to follow him to the University of Cambridge. In 1829, his
second year of enrollment, friends coaxed him to lectures by
John Stevens Henslow, the dynamic new professor of botany
(Fig. 14.1). Nothing, Darwin (1958, 64) reflected in his autobi-
ography, influenced his career more. He almost instantly fell
under the spell of the young, active, disciplined, and reform-
minded botanist, whose wide-ranging scientific expertise
suited the intellectually omnivorous Darwin perfectly.

F1GURE 14.1. John Stevens Henslow (1796-1861), professor of botany at
the University of Cambridge, Darwin’s mentor and friend. Darwin attended
Henslow’s lectures during the years that he was an undergraduate at
Cambridge and learned from him the importance of homological thinking in
working out relationships. Permission: Wellcome

Henslow’s course on botany, the first offered at the uni-
versity in decades, immersed students in cutting-edge interna-
tional scientific developments. He assigned the most rigorous
overviews of plant science, even if the books happened to be
in French (Walters and Stow 2002, 65-66). He published his
own textbook in 1835, which codified the lessons he taught
to Darwin and others. The Principles of Descriptive and
Physiological Botany captured his conviction that the study of
plants needed to be as broad as possible, in contradiction to a
conventional definition of botany as a descriptive exercise that
excluded the study of plant function (Henslow 1835, 1-4).By
the time Henslow wrote his textbook, botanists had described
and classified in the neighborhood of sixty thousand species.
At the most basic level, a systematic classification prevented
botany from collapsing into chaos under the weight of its
diverse materials. But, as Henslow explained, systematists
pursued a higher object than cataloging. Systematic botanists
searched for the laws underlying the patterns of plant struc-
ture, which in turn would reveal the plan “upon which we
must feel satisfied that the Author of nature has proceeded in
creating all natural objects” (135-36). Thus, the description
and arrangement of species was an essential component to
a comprehensive understanding of plant life but never as an
end in itself. Botany’s loftiest goal was to integrate the study of
form and function into a comprehensive view of plant life.

The young English professor found particular inspi-
ration in the work of the eminent Swiss botanist Augustin-
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Pyramus de Candolle (Sloan 1986; Walters and Stow 2002;
Ayers 2008). (Candolle also exerted significant influence on
other men of science close to Darwin, including Charles Lyell
and Joseph Hooker.) Candolle (who died a few weeks after
Darwin’s paper on bees and bean flowers appeared) was per-
haps the dominant figure in botanical systematics during the
nineteenth century (P. F. Stevens 1994). His arrangement of
the natural orders of plants provided the foundation for con-
temporary plant classification. Candolle (1839-40, 2:302-8)
defined natural classification in both theory and practice
around the search for symmetry, or the general regularity of
organization that defined a natural group of plant species. At
a superficial glance, he noted, the vegetable world seemed to
be nothing but irregularity, with each species existing in iso-
lation, their anomalies obscuring all deeper similarities. But
over the generations, careful and extensive investigation of the
natural world revealed “an order submitted to general laws”
(2:304). Once a botanist determined a group’s abstract regular
form, he could use the modifications to this basic symmetry -
the fusions, degenerations, multiplications, and aborti