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THE ORIGIN OF SPECIES

CHARLES DARWIN was born at Shrewsbury in 1809 and educated at Shrewsbury Grammar School, at Edinburgh University, and Christ’s College, Cambridge. He took his degree in 1831 and in the same year embarked on a five-year voyage on HMS Beagle as a naturalist; the purpose of the voyage was to chart the coasts of Patagonia and Tierra del Fuego, and to carry a chain of chronometric readings round the world. While he was away some of his letters on scientific matters had been privately published, and on his return he at once took his place among the leading men of science. He became secretary of the Geological Society in 1838, and in 1839 he was elected a Fellow of the Royal Society. Most of the rest of his life was occupied in publishing the findings of the voyage and in documenting his theory of the transmutation of species. The Origin of Species by Means of Natural Selection appeared in 1859. It was greeted with violent and malicious criticism. Darwin spent many years with his wife – his cousin Emma Wedgwood, whom he had married in 1839 – and ten children at Down House in Kent. He died in 1882, and was buried in Westminster Abbey.
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EDITOR’S INTRODUCTION

WORKS of science, unlike works of literature or philosophy, do not generally endure as books but rather as ‘contributions’, more or less imposing shares in a continuing and cooperative enterprise. However successful the theory they propound, there is always a sense in which they become superseded; at best they are overlaid by the subsequent work they inspire, which thereupon becomes the most authoritative work in the subject and is usually all that is referred to by students. To the general reader scientific classics are generally made inaccessible by technical jargon and sophisticated mathematics. From this kind of inaccessibility, however, The Origin of Species is exempt. It is, together perhaps with Galileo’s dialogues on motion, easily the most readable and approachable of the great revolutionary works of the scientific imagination.


The technical terms Darwin uses are neither so numerous nor so forbidding that no one but a specialist can follow him, though only a specialist may fully appreciate the difficulties he had to overcome. Even so Darwin provided a glossary, which is reprinted with this edition. The Origin was meant to be, and was, read by the general educated public. The chief difficulty it presents to the layman is not that of scientific jargon and certainly not that of mathematics, which, it may be reassuring to know, Darwin regretfully admitted he never understood, but simply that of following an extended train of reasoning, not in itself particularly complex, through the immense wealth of supporting evidence which Darwin had accumulated during the twenty years prior to the publication of The Origin in 1859. Even The Origin itself was intended by Darwin to be only an abstract of this evidence, to be followed later by a more complete work of double the length.

As a book The Origin has had its detractors, beginning with Darwin himself, who, on first seeing it in book form, remarked that he found it tough going. In his autobiography he says that there appeared to be an innate defect in his mind leading him always in the first instance to express an idea in the most awkward possible form. He had no delight in words as such, and little feeling for literature, at least by the time he reached middle age, when his taste was chiefly for light novels from which his only requirements were that the heroine should be pretty and the ending happy. Presumably he would have approved no more of the works of his contemporary, George Eliot, than she did of The Origin; she found it ‘not impressive from want of luminous and orderly presentation’. Yet Darwin’s writing is in fact considerably above the general polemical standards of the time: calm, reasoned, mild and unrhetorical in tone, yet capable of rising to the occasion, as in the famous passage on the struggle for existence.



When we look at the plants and bushes clothing an entangled bank, we are tempted to attribute their proportional numbers and kinds to what we call chance. But how false a view is this! Every one has heard that when an American forest is cut down, a very different vegetation springs up; but it has been observed that the trees now growing on the ancient Indian mounds, in the Southern United States, display the same beautiful diversity and proportion of kinds as in the surrounding virgin forests. What a struggle between the several kinds of trees must have gone on during long centuries, each annually scattering its seeds by the thousand; what war between insect and insect – between insects, snails, and other animals with birds and beasts of prey – all striving to increase, and all feeding on each other or on the trees or their seeds and seedlings, or on the other plants which first clothed the ground and thus checked the growth of the trees! Throw up a handful of feathers, and all must fall to the ground according to definite laws; but how simple is this problem compared to the action and reaction of the innumerable plants and animals which have determined, in the course of centuries, the proportional numbers and kinds of trees now growing on the old Indian ruins. (pp. 125–6).


Yet though he is sometimes capable of a set-piece like this, Darwin himself acutely remarked that his jottings were frequently better than his more carefully composed sentences. Some of his notebook entries certainly have a freshness and vitality which is lost in more extended exposition. ‘When one sees nipple on man’s breast, one does not say some use, but sex not having been determined. So with useless wings under elytra of beetles. Born from beetles with wings, and modified. If simple creation merely, would have been born without them.’ This sounds oddly like the ruminating, inconsequential curiosity of Joyce’s Leopold Bloom, except that Darwin’s curiosity is anything but inconsequential. As one journal said in 1871 ‘When Mr Darwin pointed out to us the persistent tips in our ears, he did more to discomfort the friends of persistent species than he did by thousands of other facts’.

Darwin’s children laughed at him for the naïve enthusiasm of his descriptions, seizing particularly on his account of a larval cirripede ‘with six pairs of beautifully constructed natatory legs, a pair of magnificent compound eyes, and extremely complex antennae’, which they said sounded like an advertisement. Yet this enthusiasm, an almost childlike sense of wonder at the amazing contrivances and interrelations of the natural world, which never became desiccated even while he was engaged in giving them a purely material explanation, is one of the charms of The Origin and is a feature of it which is unduly neglected by the many who have found in it merely a brutally materialistic account of a bleak and soulless nature. For Darwin’s book is not only one of the most revolutionary and heavily documented pieces of scientific theorizing ever published, a revelation of a new and to many an appalling way of looking at the natural world, it is also the work of a gentleman naturalist in the tradition of Gilbert White of Selborne, a man who had watched birds and shot them, collected beetles and bred pigeons and walked in a tropical forest with a sense of intoxicated wonder. The Origin has a scope and sweep which an age of specialists can scarcely hope to recapture; it is a vast panorama of the natural world written by a polymath in the biological sciences: geologist, zoologist, palaeontologist, botanist and pigeon fancier. At the time of writing The Origin he was known chiefly, apart from his work while with H.M.S. Beagle, as the author of a theory of the formation of coral reefs and as a leading expert on barnacles. He was to devote much of the later part of his life, when he was generally recognized as the world’s greatest biologist, to the fertilization of orchids and the activities of earthworms. Darwin was a lover of nature, a collector and sportsman, before he was a scientist. In his father’s unsympathetic words ‘You care for nothing but shooting, dogs, and rat-catching, and you will be a disgrace to yourself and all your family.’

The Origin gives a sense of nature in the open air rather than in the museum or on the dissecting table; it has a sensitivity to the relations of animals and plants to their environment and to each other – indeed, it is essentially about these things – which was to a considerable extent lost in the ensuing years as biology became more professional and retreated into the laboratory, and which is being rediscovered in this century with the rising interest in ecology, of which The Origin is a pioneer work, though the name did not then exist. For an example of Darwin as an ecologist, though only one among many, consider the passage on pp. 123–4 on the relation of trees, cattle and birds.

But these passages are not, of course, gratuitous displays of virtuosity but part of the economy of Darwin’s argument. For essentially The Origin is an argument and it is the detail in which it is worked out that makes the argument so powerful. It is necessary to insist on this, because the reader who knows that The Origin is the most important book of the last century, that it not merely opened a new era in biology but became a popular sensation and transformed attitudes to God and to the human race, that it was invoked as a justification by capitalists, communists and National Socialists, and that its author was once described as the most dangerous man in England, may initially be disconcerted to discover that it has so much to do with such matters as the relative size and hairiness of gooseberries. Yet it was the sheer weight of documentation of Darwin’s thesis which established its scientific credibility. J. S. Mill’s reaction to The Origin is a more reliable guide here than George Eliot’s: ‘Nothing can be at first sight more implausible than his theory, and yet after beginning by thinking it impossible one arrives at something like an actual belief in it.’ T. H. Huxley’s reaction on reading The Origin – ‘How extremely stupid not to have thought of that’ – may suggest that Darwin’s thesis had only to be understood to carry immediate conviction to any qualified scientist not blinded by prejudice. Yet this was far from being the case. Much hind-sighted amusement has been derived from the pronouncement of the unfortunate Thomas Bell, President of the Linnaean Society, who, in his presidential address in 1858, the year in which Darwin’s and Alfred Wallace’s papers on the origin of species by natural selection were read to the society, declared that the past year ‘has not, indeed, been marked by any of those striking discoveries which at once revolutionize, so to speak, the department of science in which they occur’. Yet after reading Darwin’s short paper – part of which is reproduced in The Origin on pp. 116 ff. – one finds the President’s remark, if still obtuse, at least understandable. In confirmation one can take the case of Darwin’s friend, the botanist Joseph Hooker, who knew of Darwin’s theory long before the general public, who answered his queries and read his drafts, but who was not finally converted until after the publication of The Origin. The impact of Darwin’s argument, as Mill noted, was cumulative rather than immediate.

For all that, and for all its lack of challenging epigrams, The Origin is a profoundly polemical work, though it is not particularly polemical in manner. Its tone is in a sense defensive; Darwin was not in the position of a scientist who announces a theory confirmed by striking experiments. He was trying to show that it was possible that transmutation of species had occurred and that natural selection, the preservation by the environment of specially well adapted variations, was a possible explanation, and that these explanations fitted the facts better than any others. He was not in a position to demonstrate conclusively that evolution had occurred, or that it had occurred by natural selection. Moreover he knew, of course, that he was touching an intensely sensitive subject – one which affected some of the most cherished ideas of his contemporaries: the truth of the Bible; the superintending providence of God in the natural world; and the unique and privileged position of the human race as the centre and raison d’être of the creation. Darwin’s tone throughout is mild, unprovocative and muted by the desire not to give unnecessary offence, though never to the extent of blunting the force of his argument. It was, however, for this reason that he omitted explicit discussion of the origin of man, apart from one cryptic sentence, though he dealt with it fully in his later book, The Descent of Man (1871). Even so, the implication of the argument of The Origin was plain enough, and it was quickly seized upon by his critics. Avoiding unnecessary coat-trailing was not something which cost Darwin much effort, however. He was one of the least combative of men and was forced into the position of challenging orthodoxy by intellectual honesty and the desire to substantiate a scientific theory; he did not, as T. H. Huxley undoubtedly did, actively enjoy thumbing his nose at the theologians. Nevertheless, there is perhaps a hint of tension released in his note to Sir Charles Lyell, the greatest of English geologists, who was wavering and equivocal in his attitude to evolution: ‘Our ancestor was an animal which breathed water, had a swim bladder, a great swimming tail, an imperfect skull, and undoubtedly was a hermaphrodite. Here is a pleasant genealogy for mankind.’

The polemical impact of The Origin is softened for us by the buffer of a hundred years of post-Darwinian thought. To appreciate its effect and the revolutionary character of Darwin’s theory one has to put oneself back into the intellectual atmosphere of the mid-nineteenth century. Since the beginning of the Christian era there have been three great intellectual upheavals which have seemed to threaten the whole structure of accepted ideas. The first was the rediscovery of Aristotelian philosophy in the twelfth and thirteenth centuries, which presented medieval Christian thought with intellectual techniques and a body of knowledge more imposing, coherent and systematic than anything which established intellectual tradition could offer, and from which the Christian revelation was absent. The second was the scientific revolution of the sixteenth and seventeenth centuries, which displaced the earth from the centre of the universe and established models of inquiry in the study of matter which presupposed regular sequences of cause and effect and seemed to leave little or no room for the interpositions of a miracle-working deity. The third, in the mid-nineteenth century, touched on the origin of man and his place in the natural world, and is associated, above all, with Darwin and the theory of evolution by the selection of chance mutations in the struggle for existence.

Each of the two earlier crises had been followed by a kind of synthesis or consolidation, the first in the Summae of St Thomas Aquinas, the second by eighteenth-century Deism and ‘Rational Christianity’. Of course, neither synthesis was ever entirely comprehensive or stable. As skeletons for a house of intellect and feeling they were always subject to some bending and warping even in their heyday, and there were always a few defiant atheists who refused to come in out of the cold. Yet both provided, in their times, a kind of basic consensus within which men of widely differing views and temperaments could conduct their arguments and all feel more or less confidently at home. Thus, in the early nineteenth century there were still areas where God seemed an indispensable hypothesis, not merely as the remote architect and president of the solar system but as a familiar and infinitely ingenious craftsman and benevolent providing father, a God of whom it did not seem inconceivable that he marked the sparrow’s fall. For if the God who maintained the orderly revolutions of the planets by the invisible filaments of gravitation was remote and impersonal, the designer of the butterfly’s wing surely cared for human delight, just as the existence of materials for human food and shelter testified to a divine concern for human comfort and well-being. Physics and chemistry might be able to dispense with the concept of purpose in explaining the behaviour of phenomena; biology could hardly do so, for evidence of purpose seemed irrefutable in all the ingenious contrivances, the exquisite adaptations of structure to function, so apparent in nature. How could they be explained other than by the assumption of a benevolent almighty contriver, who had created each species individually as described in the first book of Genesis, and had made all subservient to the needs of man, the image of the Creator and his special care. Religion seemed guaranteed by ‘Natural Theology’, the demonstration of the existence and goodness of God by the contemplation of nature and the benevolent artifice which it seemed everywhere to demonstrate. This kind of theological argument underlay that characteristic eighteenth- and early nineteenth-century version of Christian belief known as ‘Rational Christianity’, which, with its close but more radical partner Deism, represented a kind of compromise, a consciously created solution to the problems raised for traditional dogmas by the rise of the scientific outlook in the seventeenth century. The crisis was overcome, at least in England, at a cost of some sacrifice of the more miraculous and emotional elements in Christianity. Instead of the goodness of God being the guarantee of the goodness of the creation, it was the latter which became the prime guarantee of the existence and goodness of the God spoken of in revelation. Science and religion seemed to cohabit smoothly in the ordered and harmonious universe revealed by that devout Christian, Sir Isaac Newton.

In harsher climates and at times when man’s control over the natural world was more precarious, this confidence in its benevolence might have been more difficult to sustain, whatever the intellectual situation. As it was, the Lisbon earthquake disconcerted some eighteenth-century Deists by showing that even in Europe nature could spring some unpleasant surprises. Generally speaking, however, by the eighteenth century nature was sufficiently tamed to be idealized, at least by educated men who did not themselves have to labour on the land. The eighteenth and early nineteenth centuries were the heyday of the cult of a benign and edifying nature, while the Fall receded more and more into the theological background, though it still might have its uses in explaining the noxious and disagreeable, as when it was seriously discussed whether intestinal worms existed in Adam before his fall only in the form of eggs, ‘which did not hatch until after that sad event’. Natural history became an approved clerical hobby. To pursue in any detail the pleasing evidences of harmony and divine purpose in the Newtonian heavens required some rather abstruse mathematics; to trace the same evidences in each leaf, stamen and antenna was well within the scope of any country clergyman with a collecting basket. To follow the workings of nature was to explore the mind of its Creator and to receive renewed assurances of his benevolence. The proudly displayed ‘collection’ was almost the equivalent of a Bible laid open on a table. God was sought, not in mystical exercises in one’s chamber – that would have been ‘enthusiasm’, which was both morbid and ungentlemanly – but at the bottoms of ponds and in the midst of hedges. Natural history became something of a craze in the first half of the nineteenth century and works on it outsold popular novels. When The Origin of Species appeared in 1859, it went quickly through three editions and found a readership which, despite the many vulgar errors, often encouraged by prejudiced reviewers, which grew up about what Darwin had said, was probably better prepared, both by the tenor of contemporary theology and by the widespread taste which it encouraged for natural history, to appreciate arguments relating to the nature of species, plant life, fossils and animal behaviour, and also the effects of selective breeding, than the general reading public would be today. Bug-hunting was the Trojan horse of Victorian agnosticism.

In the eighteenth century opposition to established religion had not been particularly closely associated with the natural sciences, or at least with what scientists generally accepted as established facts. The French naturalist Buffon had run into trouble with the authorities for doubting the fixity of species, and miracles had come to seem, even to some Christians, less like props of the faith than embarrassing encumbrances inherited from a more barbarous age, but such instances of disquiet were relatively rare. Attacks on religion concentrated on what appeared to be morally objectionable in dogmatic theology or on some of the more disreputable occurrences in biblical history rather than on the scientific validity of the book of Genesis. The Christian God was probably doubted or rejected more often on humanitarian than on scientific grounds. Physical nature, seen as a benign instructress, tended to be a common enthusiasm rather than a cause of contention. No longer wholly mysterious and whimsical, or suspect as the scene of the Fall of Man, nor yet thought of as unimaginably old and devoid of intelligible purpose, physical nature seemed admirably accommodated to the range of the human mind and the structure of human feelings.



How exquisitely the individual Mind
(And the progressive powers no less
Of the whole species) to the external World
Is fitted: and how exquisitely too –
Theme this but little heard among men –
The external World is fitted to the Mind.*

The only puzzle about these lines is why Wordsworth in 1814 should have thought his theme an uncommon one – though undoubtedly he himself had done much to popularize it. Even Ruskin, who coined the phrase ‘the pathetic fallacy’ for the notion that nature shared the emotions and purposes of men, could still write in the mid-nineteenth century that the structure of mountains was ‘invariably calculated for the delight, the advantage, and the teaching of men’ and that in their contours ‘the well-being of man has been chiefly consulted’. But by the mid-century, even before The Origin, such attitudes were gravely threatened, as Ruskin recognized in a letter of 1851: ‘If only the Geologists would let me alone, I could do very well, but those dreadful Hammers! I hear the clink of them at the end of every cadence of the Bible verses.’


In fact, though the England in which Charles Darwin was born in 1809 was a far rougher and more dangerous society than the one in which he died in 1882, intellectually speaking the world seemed a far cosier and more reassuring place than it was to appear to later generations. Much of this cosiness was due to a relative lack of historical sense, which, paradoxically, helped men to feel at home with the past. Educated men could speak familiarly of Moses, Abraham and Solomon, and derive maxims from their words and deeds with no sense of estrangement; Dean Milman became very unpopular for calling Abraham a sheik. One reason for this sense of familiarity with the past was the relatively short time it was thought to cover. Most men at the beginning of the nineteenth century thought the world had been created only some six thousand years before, though perhaps few would have cared to be so specific as the famous pronouncement of a seventeenth-century vice-chancellor of Cambridge University according to whom ‘man was created by the Trinity on October 23 4004 B.C. at nine o’clock in the morning.’ Even so, it has often been pointed out that when the poet apostrophized Petra as ‘rose red city half as old as time’ he meant it.

Such an attitude to time, no less than Newtonian astronomy, provided a congenial climate for the school of religious apologetics whose mainstay was Natural Theology. Newton himself, appropriately enough, had been interested in biblical chronology and had devoted much time to the prophecies of the book of Daniel. Natural Theology in England dated back at least to the end of the seventeenth century when the new Newtonian system was invoked by Richard Bentley to proclaim the glory of the Lord, and the recent discoveries in biology were also used to confound unbelievers. In Darwin’s time, however, the greatest monuments of Natural Theology and of the inferences drawn from the belief that each species was specially created were the Natural Theology: or Evidences of the Existence and Attributes of the Deity published in 1802 by William Paley, a Fellow of Darwin’s own College, Christ’s, Cambridge, and the series of eight works sponsored under the will of the Earl of Bridgewater, who died in 1829, which were known collectively as the Bridge-water Treatises. The will had stipulated that the works published should illustrate ‘the Power, Wisdom and Goodness of God, as manifested in the Creation; illustrating such work by all reasonable arguments’ and mentioning particularly the function of digestion and the structure of the hand, which had obviously particularly appealed to his lordship in this connexion.

The works, by various authors, duly appeared; the title of one of them ‘On the Adaptation of External Nature to the Physical Condition of Man’ adequately conveys the direction of the argument – exactly the opposite direction from Darwin’s. The Bridgewater Treatises were the last great monument of an intellectual tradition which had provided assurance that man and nature were linked in an almighty purpose, that the world was not soulless, indifferent or malign, and that the study of natural history was one of the most nourishing and elevated that men could pursue. In this tradition the existence and goodness of God were firmly grounded upon the structure of the vertebrae, the function of the gall bladder and the evident utility of the hump of the Zebu to its possessor. ‘Why’, as Paley put it, ‘does the gland within the ear separate a viscid substance, which defends the passage; the gland in the upper angle of the eye, a thin brine, which washes the ball? Why is the synoria of the joints mucilaginous; the bile bitter, stimulating and soapy? Why does the juice, which flows into the stomach, contain powers, which make that bowel, the great laboratory, as it is by its situation the recipient of all the materials of future nutrition? These are all fair questions; and no answer can be given to them, but what calls in intelligence and intention.’ It is because Darwin, in order to undermine the doctrine of special creation, had to provide another answer, that The Origin reads in places like an answer to Paley.

Meanwhile, in the first half of the century, Paley’s answer was embroidered and glossed. Horrible contingencies were contemplated so that men might congratulate themselves and God that they were not the case. ‘Had chance, or nature, as some love to speak, directed the distribution of animals, and they were abandoned to themselves and to the circumstances in which they found themselves in their original station, without any superintending power to guide them, they would not so invariably have fixed themselves in the climates and regions for which they were evidently intended.’ Monkeys, presumably, might have shivered while polar bears collapsed from heatstroke. Hares, according to the same author, might have been burdened with large fangs, which their timidity would have prevented their using properly, while lions champed impotently with tiny teeth. Often, in the Bridgewater Treatises, one feels that the Creator is tossing a double-headed penny. The propensity of iron to rust, apparently a drawback, is in reality an advantage, for ‘numerous branches of trade are kept in continuous employ’. ‘Injurious animals’ could be explained as ‘expressions of Divine displeasure’ like the plagues which afflicted the Egyptians, while the palaeontological evidence which was coming to light in the first half of the nineteenth century of the massive extinctions of species could be blithely referred to as ‘the result of a providential adjustment’. Even this author, however, obviously had some uneasiness about this evidence of divine second thoughts or of divinely planned obsolescence, for he adds ‘if the expression may be permitted’. Indeed, for some the knowledge of whole species swept away to make room for others, often only slightly different, had begun to strain belief in a benign creator even before The Origin, while the fact of such colossal waste made nature seem implacable rather than benevolent. Noah’s Flood could not account for the wreckage; a whole series of cataclysmic ‘adjustments’ seemed necessary. It was this, not Darwin’s theory, which inspired Tennyson’s famous pre-Darwinian reference to ‘nature red in tooth and claw’. It was an ominous remark for the established view of nature when Darwin observed in The Origin that ‘No one I think can have marvelled more on the extinction of species than I have.’ His first work, The Journal of the Beagle, as well as The Origin, shows this to be just.

It is significant, however, that one of the few ingredients of Darwin’s formal education which he enjoyed and profited from was Paley’s Natural Theology, which was part of the prescribed course of study for the Cambridge Tripos. (It remained so until the beginning of this century.) This is not surprising. Paley’s form of argument, cumulative rather than deductive, was very much Darwin’s own in The Origin. Moreover the older version of natural history and that of The Origin concentrate to a considerable extent upon the same features, particularly upon adaptation, upon the relation of structure to function and the benefit to the animal concerned. They differ only – and absolutely – in their interpretations of these things, Paley’s being in terms of divine artifice and care, that of The Origin being the accumulation of mutations useful in the struggle for existence and hence selected for preservation. Thus it became vital to Darwin to show that no organ or arrangement could have been preserved simply to please the aesthetic sense of mankind, except, of course, in domestic species where the selection was done by human beings. On the special creation view, beauty without usefulness to the animal or plant concerned was evidence of divine purpose. Similarly, according to Darwin, no organism would develop an organ harmful to itself but useful to others, as the rattlesnake’s rattle was taken to be. There must be some utility to the organism itself. On the special creation view, of course, there was no reason at all why God, having created the rattlesnake, presumably as a sign of displeasure, should not have so far relented towards its potential victims as to provide a warning rattle. Such examples were stumbling blocks to Darwin’s theory and he dealt with them in The Origin (Chapter IV).

Although The Origin is inevitably a polemical work it was not, of course, written out of any specifically anti-religious animus or any religious preoccupation at all. No doubt had Darwin been able to put forward his theory without offending anyone’s susceptibilities he would have done so. By the time he came to write The Origin he had lost all orthodox belief and come to the conclusion, which he retained to the end of his life, that questions of ultimate causes and purposes were an insoluble mystery. He disclaimed any competence in metaphysics and never entered, as Huxley did, into non-scientific controversy. Nevertheless, it is still ironical that the author of The Origin had nearly become a clergyman and almost missed the formative experience of his life, his voyage on H.M.S. Beagle, because his father regarded it as prejudicial to his future clerical character, as in a sense it was. It is true that the decision to enter the Church was arrived at, as must often have happened when the choice of career for a gentleman was so limited, less out of a sense of vocation, which Darwin doubted whether he possessed, than by process of elimination. After Darwin had shown no more aptitude for the family profession of medicine – he had fled in horror from the sight of his first operation while a medical student at Edinburgh – than for the classical curriculum of Shrewsbury School, Darwin’s father, a fashionable Shrewsbury physician, sent him rather wearily to Cambridge in 1827. Here, though his formal education, being strictly classical and mathematical, was of no interest to him, he was able to acquire the rudiments of a scientific education and to follow up his boyhood interest in natural history, chiefly under the informal tutelage of J. S. Henslow, the Professor of Botany, whose companion he became on long walks across the Cambridgeshire countryside. He seemed destined to become yet another botanizing Victorian clergyman. From this he was rescued by an accident which seems almost to have been sent by providence in a fit of self-destructiveness, for from it was to spring the work which more perhaps than any other has shaken men’s belief in the immediate providential superintendence of human affairs. In 1831 H.M.S. Beagle, commissioned by the Admiralty to make a surveying voyage in the southern hemisphere, was in need of a naturalist. Henslow recommended Darwin, who, after obtaining his father’s consent with some difficulty, accepted. He was to be away for five years.

Science in the first half of the nineteenth century benefited enormously from the journeys of traveller-naturalists or men of scientific interest who obtained berths on survey ships as naturalists or surgeons. Already there had been Alexander von Humboldt, whose Personal Narrative of Travels to the Equinoctial Regions of the New Continent first inspired Darwin with the desire to travel and to make some contribution to science. Later there were to be Alfred Russel Wallace, and Darwin’s younger friends T. H. Huxley and Joseph Hooker, who obtained posts similar to Darwin’s on H.M.S. Rattlesnake and H.M.S. Erebus. As for Darwin himself, the voyage of the Beagle determined, as he said, his whole career. It laid the foundations of his reputation as a scientist and it undermined his belief in the fixity of species. It may also have been responsible for his long illness in the latter part of his life. While with the Beagle he made expeditions hundreds of miles inland, through difficult country, collecting, observing and trying to interpret the flora, fauna and geological formations of South America and the islands of the Pacific and the South Atlantic, and also visiting Australia and South Africa. The forty-thousand-mile voyage gave Darwin a view of the natural world from the tropical vegetation of the Brazilian jungle to the peaks of the Andes. It was an opportunity such as few naturalists had been given.

The Journal of Researches which Darwin published on his return home, generally referred to as The Voyage of the Beagle, is a naturalist’s travel book. Many themes crucial to the argument of The Origin – questions of distribution, extinction and the utility of organs – are discussed at length. These were, of course, things any competent naturalist would have been likely to discuss, though not perhaps so intensively as Darwin does. There are also, however, a number of scattered and necessarily rather cryptic references which betray the author’s interest in the species question, which inevitably attract the eye of the modern reader. Discussing, for example, the rudimentary eye of the blind tucutuco, Darwin remarks that Lamarck, the leading supporter of the theory of evolution, whom Darwin had read without conviction at Edinburgh, ‘would have been delighted with this fact had he known of it when speculating (probably with more truth than usual with him) on the gradually acquired blindness’ of subterranean creatures. More explicit is Darwin’s constantly expressed wonder at the relation between the extinct and the contemporary species of the South American continent: ‘This wonderful relationship between the dead and the living, will, I do not doubt, hereafter throw more light on the appearance of organic beings on our earth and their disappearance from it than any other class of facts.’ Particularly excited are the author’s remarks on the birds and tortoises of the Galapagos Archipelago, ‘a little world within itself’, where we are brought near ‘to that great fact – that mystery of mysteries – the first appearance of new beings on this earth.’

It is not absolutely clear how far Darwin’s doubts of the fixity of species were carried while he was actually on the Beagle, though it is obvious that, as he himself says, they originated in his experiences in South America. The famous entry in his journal after his return records the beginning of his work on the species question.

In July [1837] opened first notebook on Transmutation of Species. Had been greatly struck from about the previous March on character of South American fossils and species on Galapagos Archipelago. These facts (especially latter) origin of all my views.



In another account, rather fuller but written years later, he wrote in a letter in 1877:


When I was on board the Beagle I believed in the permanence of species, but as far as I can remember, vague doubts occasionally flitted across my mind. On my return home in the autumn of 1836, I immediately began to prepare my Journal for publication, and then saw how many facts indicated the common descent of species, so that in July 1837 I opened a notebook to record any facts which might bear on the question. But I did not become convinced that species were mutable until, I think, two or three years had elapsed.

In a very rigid sense perhaps Darwin was not ‘convinced’ until the acceptance of his views by fellow naturalists like Huxley and Hooker; during the years prior to the publication of The Origin he occasionally wondered whether he might not be merely a monomaniac or crank. In any other sense, however, the last sentence quoted probably rather underrates his commitment to the idea of evolution, or transmutation, as it was then called. (Neither of the two terms with which Darwin’s name is chiefly associated, ‘evolution’ and ‘survival of the fittest’, occurs in early editions of The Origin, where his key ideas are expressed by the words ‘mutability’ and ‘natural selection’.)

Darwin was struck by a number of facts observed during his voyage which seemed at odds with the view that each species had been individually created. The organic life and fossils he studied so intensively and collected with such assiduity seemed littered with clues, odd similarities and juxtapositions. Why did closely allied animals replace one another as one travelled southwards? Why did extinct fossil species show such a close structural relation to living animals? Above all, why, in the Galapagos islands did the finches and the giant tortoises show slight variations from island to island, so that the local inhabitants could always tell from which island a tortoise had come? The more closely different species resembled each other in adjacent areas or in different epochs in the same area, the more likely did it seem that those species might share a common ancestor, and the less plausible seemed the hypothesis of a separate creation of each separate species.

The theory of evolution in biology was already an old, even a discredited one. Darwin, in later editions of The Origin, listed over thirty predecessors and was still accused of lack of generosity. Greek thinkers had held the view that life had developed gradually out of a primeval slime. Diderot, Buffon and Maupertuis in the eighteenth century had held evolutionary views, as had Darwin’s own grandfather, Erasmus Darwin, whose evolutionary ideas were expressed partly in verse:



First, forms minute, unseen by spheric glass,
Move on the mud, or pierce the watery mass.
These, as successive generations bloom
New powers acquire and larger limbs assume.

The chief objections to the pre-Darwinian evolutionary theories were based partly on the assumption of a short geological time span, which did not allow gradual evolution time to operate, and partly on the speculative and puzzling explanations of how the process worked. In J. B. Lamarck’s Philosophie zoologique (1809) it was supposed that the new needs of an organism somehow gave rise to new organs, which were then transmitted to offspring. This was to explain one mystery by another. True the same might be said, and was, of Darwin’s own explanation, since it rested upon the occurrence of variation in offspring, though the explanation of these variations was still, as Darwin admitted, a complete mystery. All the same, if this was a mystery it was at least one of everyday occurrence, which could not be said of the acquisition of new organs by mature organisms and their inheritance in the next generation.


It was the speculative character of earlier evolutionary theory which made scientists like Hooker, Huxley and the young Darwin himself sceptical. All the same, Darwin’s predecessors had made some telling points. There were the improvements made in some domesticated animal and plant species by artificial selection – of which Darwin himself was to see the full significance. There were embryonic changes – the development of tadpole into frog and larva into butterfly – and the way in which the embryonic forms of widely diverse species resembled each other in their earlier stages. There were vestigial organs – noted by Erasmus Darwin – which seemed once to have served a purpose but now served none, suggesting that the modern species might be radically different from the ancestral one to which such an organ, or in the case of rudimentary organs, a more developed form of it, had been useful. Erasmus had also mentioned the struggle for existence and the competition for females which his grandson was to christen ‘sexual selection’ as among the factors promoting evolution. And of course there was the fossil record, indisputable evidence of the extinction of species.

Evolution, it has often been remarked, was ‘in the air’ in the twenty years or so before the publication of The Origin. The most remarkable assertion of it, though it was one which Darwin and other scientists regarded as frankly a nuisance, was The Vestiges of Creation published anonymously by the Scottish autodidact and publisher Robert Chambers. The Vestiges rested the case for evolution chiefly on the assertion that the fossil series, from the most ancient to the most recent geological strata, demonstrated a gradual ‘ascent’. It also deployed arguments from the existence of rudimentary and vestigial organs and from embryology. Chambers saw the significance of mutations in the course of reproduction, but held that a new species might arise directly from a monstrous birth, an assertion on which critics seized, ridiculing the idea that a goose might give birth to a frog, and so on. Darwin himself was to suffer similar ridicule of his rather unfortunate remarks in The Origin on the transformation of a bear into a whale-like creature (p. 215).

Chambers’s thesis also aroused much theological indignation and moral outrage. Adam Sedgwick, the Professor of Geology at Oxford, declared that ‘If the book be true, the labours of sober induction are in vain; religion is a lie; human law is a mass of folly, and a base injustice; morality is moonshine; our labours for the black people of Africa were works of madness; and man and woman are only better beasts.’ This was a foretaste of some of the more extreme reactions to The Origin, but Darwin read Sedgwick’s review of The Vestiges with relief, because his antievolutionary arguments were so relatively feeble, concentrating particularly on what Darwin was to call – and explain as – ‘the imperfection of the geological record’ (Chapter IX).

Geology and palaeontology – the reconstruction and dating of fossils – were vital to the evolutionary argument. Without them the theory of evolution could not have been established, as the most casual reading of The Origin makes clear. They were, incidentally, Darwin’s own first introduction to science as an intellectual discipline. It was, he records, on a geological expedition with Sedgwick, when he was still little more than an amateur undergraduate beetle-collector, that he first realized ‘that science consists in grouping facts so that general laws or conclusions may be drawn from them’. In the years immediately following the voyage of the Beagle he owed his reputation chiefly to his work as a geologist, and especially to his theory of the formation of coral reefs.

Geology and palaeontology came of age as sciences in the late eighteenth and early nineteenth centuries, the leading authorities being the great anatomist Georges Cuvier in France, and Darwin’s chief scientific patron after his return to England, the geologist Sir Charles Lyell. In the course of the eighteenth century it had begun to be generally appreciated that fossils were the remains of once living plants and animals, and learned men were able to abandon such desperate resorts as that of the College of Gotha, in Germany, in 1696, when it had unhelpfully declared that some bones recently discovered nearby were a ‘sport of nature’, or the scarcely less desperate declarations of English antiquaries that fossilized mammoth bones were those of elephants brought over by the Romans. It was the advances in comparative anatomy, however, which made the study of fossils into a science. Cuvier was said to have been able to reconstruct a whole animal from the evidence of a single bone. The picture of prehistoric organisms was becoming clearer, but it did not follow that they were related to existing ones. It was clear that many prehistoric species were now extinct, and this gave rise to the theory of ‘successive creations’, the earth, or some part of it, having been first denuded and then restocked by the Creator. The biblical Deluge was a useful paradigm. Cuvier himself believed in the fixity of species, pointing as evidence to the fact that the animals depicted on ancient Egyptian tombs did not differ essentially from modern species.

The force of this latter argument depended largely on the assumption that the time which had elapsed since the days of the Pharaohs was a substantial part of the total history of the earth and its inhabitants. This assumption was challenged by the school of English geologists, known as ‘uniformitarians’, of whom Lyell, in the eighteen-thirties, was the chief protagonist. Contradicting those geologists who explained the form of the earth as being due to a succession of sudden, overwhelming geological catastrophes, floods and volcanic eruptions, the uniformitarians asserted that geological formations should be explained by assuming only such changes as could still be observed to occur. The whole theory depends, as Lyell observed, ‘on the degree of confidence which we feel in regard to the permanency of the laws of nature’. There was an analogy here with Darwin’s theory, to which he was fond of drawing attention, but the chief importance of geological uniformitarianism to the theory of biological evolution was the vastly greater time scale it offered. If geological formations were to be explained as the uniformitarian theory suggested then they must have been formed, not in a few thousand years of dramatic catastrophes, but over millions of years, and objections that species must be fixed because they were not observed to change lost most of their force, for recorded history became a tiny fragment of the total history of the earth. (See The Origin pp. 142, 293,453).

There are few greater revelations, if any, in the history of thought, than the change within a few decades from a prevailing view of geological time that could be grasped imaginatively to one which, like astronomical distances, could be grasped only mathematically. The corresponding debate in biology, however, remained unsettled. Could biology, like geology, dispense with sudden interventions of Providence, explicable by no natural cause, and explain the formation of species by ordinary laws of nature? The new geology became available to Darwin at a vital moment. He took with him and read on board the Beagle the first volume of Lyell’s newly published Principles of Geology. It was through eyes trained by Lyell that he studied the flora and fauna of South America in connexion with its geology, and excavated some of its extinct species. Without this aid the significance of much that he saw would have been lost to him.

Nevertheless, when it came to establishing the theory of evolution many difficulties remained, and it was these that The Vestiges of Creation too lightly disregarded. The fossil record, as Darwin admitted in the The Origin, was incomplete. The completed fossil series of the development of the horse and the elephant, which have since come to light, were not available to Darwin nor, of course, to Chambers. Lyell had declared against evolution, though there is some evidence that he toyed with the idea privately. In the Principles he announced firmly that ‘there is no foundation in geological facts for the popular theory of the successive development of the animal and vegetable world, from the simplest to the most perfect forms.’ Moreover one important piece of evidence was still excluded from the greater time scale. The possibility that mankind was older than a few thousand years was dismissed by Lyell in 1830: ‘We need not dwell on the low antiquity of our species, for it is not controverted by any geologist.’ It was not until the late eighteen-fifties that evidence of man’s antiquity began to be accepted, and it began to seem possible to relegate Adam to the same museum of discarded hypotheses as Noah. Lyell’s The Antiquity of Man and Huxley’s Man’s Place in Nature did not appear until four years after The Origin.

These were some of the difficulties which Darwin had to consider, and which the author of The Vestiges had largely ignored, in the eighteen-forties. Darwin regarded The Vestiges as rubbish, and Huxley reviewed it devastatingly, but the fear of being taken for simply another evolutionary speculator haunted Darwin and enjoined caution in announcing his views and patience in marshalling his evidence. It was to take him over twenty years, during which his thesis remained a secret confided only to a few, as Darwin wrestled with objections, accumulated facts and prepared one or two friends for the revelation that, as he wrote to Hooker in 1844,

I am almost convinced (quite contrary to the opinion I started with) that species are not (it is like confessing a murder) immutable. Heaven forfend me from Lamarck’s nonsense of a ‘tendency to progression’, ‘adaptations from the slow willing of animals’, etc.! But the conclusions I am led to are not widely different from his, though the means of change are wholly so.



(Darwin has been held to have misunderstood Lamarck here, mistranslating Lamarck’s ‘besoins’ (needs) by the ambiguous word ‘wants’ – hence ‘willing’).


Though Darwin had become convinced of the mutability of species by 1837, he still needed an explanation of it, one which should not, as Larmarck’s did, beg the question. The cause of change, Darwin was sure, must lie in reproduction, in heritable variations rather than in spontaneous changes in adult organism, though, as The Origin shows, he did not repudiate the latter entirely. But by the end of 1838 he had the answer: natural selection of favourable, randomly occurring variations in offspring. Because of these variations, and of changes in the environment, nature was unstable, variable, not static, ‘those forms slightly favoured getting the upper hand and forming species’. Darwin tells us that he owed the inspiration for his theory to reading T. R. Malthus’s Essay on Population (first published 1798). Malthus’s Essay purports to show that population growth will always tend to outrun food supply unless the former is checked by war, famine, disease, or voluntary restraint. Malthus’s principle could obviously be extended in an evolutionary direction by concentrating on the struggle for existence to which it gave rise and in particular on the question who survived and why. Herbert Spencer gave Malthus such an interpretation in 1852 in his brief essay on ‘The Theory of Population’ but he applies it only to human beings, not to the question of species. There was irony in doing this, for Malthus’s theory was essentially an ‘equilibrium theory’, written to counter eighteenth-century doctrines of illimitable progress by showing that prosperity had strict limits imposed by the pressure of population on the means of subsistence. Spencer turned Malthus upside down by making his theory the basis of a theory of human progress based on the elimination of the ‘unfit’.

Darwin was not concerned with progress in Spencer’s sense; he only later rather unwisely adopted Spencer’s phrase ‘the survival of the fittest’ in place of his own ‘natural selection’, and ‘fit’ in his sense always related to a given environment, not to an absolute scale of perfection. (In his copy of The Vestiges he noted: ‘Never use the words higher and lower.’ Cf. The Origin p. 348: ‘I believe in no law of necessary development’). Nevertheless, Malthus’s thesis that population would always tend to outrun food supply became for him, together with the admitted random occurrence of variations in offspring, the chief explanation of the transmutation of species – the principle of natural selection. The struggle for existence was, of course, generally recognized as a factor in the extinction of species, but no one before Darwin had seriously worked it out in relation to the formation of species, though there were hints of it in Erasmus Darwin and it had been discussed in a couple of relatively insignificant works, including the appendix to a work on Naval Timber and Arboriculture.

Darwin was still planning a much larger work on the species question than The Origin was in fact to be, when his hand was forced by the arrival of a paper from Alfred Wallace in which the theory of natural selection was clearly set out. Wallace had arrived at the theory independently, also prompted by reading Malthus. Darwin was appalled, but his priority was fully acknowledged. Both the principals behaved extremely well, and the joint presentation of their papers to the Linnaean Society in 1858 was a satisfactory solution of a delicate situation. The episode provided the spur to Darwin to get his work into print at last. He had written two outline sketches of his work before The Origin, one in 1842 and another in 1844, the latter of which formed the major part of his Linnean Society paper. The Origin itself was regarded by Darwin only as an abstract of a larger work in which he would produce all the evidence he had accumuated by his own experiments and observations and by his correspondence with naturalists, travellers, breeders and nurserymen during the many years he had been working on the problem. The publisher of The Origin, John Murray, objected to Darwin’s including the word ‘Abstract’ in the title, and it was dropped. The references in the text to the future and longer work were retained, however, in all the subsequent editions, of which there were six in Darwin’s lifetime, even though it became obvious that it would never be written. Murray was doubtful about the manuscript of The Origin and published it without enthusiasm. One of his advisers went so far as to recommend that the author should concentrate instead on his work on pigeons. ‘Everybody is interested in pigeons.’ Eventually, after some hesitation on Murray’s part, 1,250 copies were printed, which sold out on the first day. A second edition was rushed out and appeared in January 1860.

After the initial declaration of belief in the mutability of species and the impossibility of accounting for this by the direct action of the environment, The Origin of Species opens in what seems a deliberately minor key with a discussion of facts generally familiar and accepted – the vast changes in breeds of domestic animals which can be obtained by selective breeding by man. Again and again the reader is reminded of the flexibility in nature introduced by the occurrence of variation in offspring, and of the power of selection – in this case by human beings – to produce enduring varieties. Nature is plastic in the hands of the selective breeder (p. 90). One obvious advantage in beginning in this way is the familiarity of the subject matter. Everyone knows the difference between a greyhound and a bloodhound; and the changes produced by the breeder can be made to occur so relatively rapidly that they can be easily established and observed.

The second chapter considers the more doubtful matter of variation in nature. After discussing the difficulties in applying the concept of species, and a number of doubtful cases, in order to undermine confidence in the notion of rigidly distinct species, Darwin concludes that there is no clear dividing line between species and varieties. He is now ready to consider how and why varieties and new species arise – the chief reason being the endless struggle for existence.

Owing to this struggle for life, any variation, however slight and from whatever cause proceeding, if it be in any degree profitable to an individual of any species, in its infinitely complex relations to other organic beings and to external nature, will tend to the preservation of that individual, and will generally be inherited by its offspring.



In this connexion Darwin adds a rider which was frequently forgotten by the ‘Social Darwinist’ writers of the later nineteenth century in their enthusiasm for a fight:


I… use the term Struggle for Existence in a large and metaphorical sense, including dependence of one being on another, and including (which is more important) not only the life of the individual, but success in leaving progeny. Two canine animals in a time of dearth may be truly said to struggle with each other which shall get food and live. But a plant on the edge of a desert is said to struggle for life against the drought, though more properly it should be said to be dependent on the moisture. (p. 116).

The basic reason for the struggle is the high rate of increase of all organic beings. ‘It is the doctrine of Malthus applied with manifold force to the whole animal and vegetable kingdoms’ (117). Darwin has no trouble in demonstrating the immense fertility of living things, though, as he admits, there are many mysteries about what precise checks operate to control the numbers of any given species, though climate, predators and competition for nourishment are chief among them. Here Darwin’s ecological sense is vividly displayed in a series of dazzling demonstrations of ‘how plants and animals, most remote in the scale of nature, are bound together by a web of complex relations’, including, for example, the relation, through a long intermediate chain, between the numbers of cats in an area and the frequency of certain flowers (p. 125). Here Darwin also introduces an idea which has a close bearing on the problem, which he discusses later, why there are not clearer examples of intermediate forms, ‘missing links’ between species, the point being that the struggle is most severe between closely allied species and varieties, ‘which fill nearly the same place in the economy of nature’. Hence the less highly specialized, intermediate forms, lacking the more specific advantages of its two most closely allied species, would quickly be eliminated (see Chapter VI). The struggle acts as do the selective activities of man on domestic breeds, but far more subtly, persistently and over immense periods of time.

It is at this point that Darwin introduces the subsidiary concept of sexual selection, the consequence of the struggle between males for the possession of females. This concept introduced a number of difficulties which Darwin did not fully discuss at this point. Compared with other aspects of the theory its treatment is rather perfunctory. The female’s alleged possession of a ‘standard of beauty’ is introduced rather defensively by Darwin, and he does not consider, though he refers to animals under domestication, the distinct case of monogamous species, in which the less desirable males, though having less choice of mate, may not necessarily leave fewer offspring. The suggestion has since been advanced that marked sexual characters function as ‘recognition signals’ to other members of the species, enabling their possessors more easily to find mates and keeping down hybridism, with its inhibiting effect on fertility. It also seems that the competition for ‘territory’ among males plays a part here, the more successful males being likely to breed more readily and leave more offspring.

Returning to Natural Selection, Darwin discusses the conditions in which it operates most freely, and, anticipating the obvious objections, emphasizes again the extreme slowness of the process and the length of time given to it to operate.

That natural selection will always act with extreme slowness, I fully admit. Its action depends on there being places in the polity of nature, which can be better occupied by some of the inhabitants of the country undergoing modification of some kind. The existence of such places will often depend on physical changes, which are generally very slow, and on the immigration of better adapted forms having been checked. But the action of natural selection will probably still oftener depend on some of the inhabitants becoming slowly modified; the mutual relations of many of the other inhabitants being thus disturbed, (pp. 152–3).



The underlying reason, then, for the growth of new species and varieties is ‘that the greatest amount of life can be supported by great diversification of structure’ and hence of feeding habits and manner of living (p. 157).


The presupposition of the argument, however, is a well established fact which is also to Darwin a mystery: the tendency to variation in offspring, for it is only by such variations occurring and being heritable that natural selection can have anything to select. Darwin was writing, however, before the science of genetics existed; he admitted that ‘our ignorance of the laws of variation is profound.’ Nevertheless, he remained convinced that compared with other possible factors, such as the direct influence of climate, and the effects of the use and disuse of organs, to which the Lamarckians attached so much importance, the chief source of variation lay in the process of reproduction – a view which subsequent work has confirmed, while the status of the Lamarckian explanations has remained at the best highly doubtful. Even so, it is interesting that Darwin did not repudiate explanations of the Lamarckian kind altogether, as is sometimes assumed, and there are numerous references to the effects of use and disuse, and the inheritance of acquired characters in The Origin.

In Chapter VI Darwin is on happier though also extremely difficult ground, dealing with the question of intermediate forms, to which he has already the basis of an answer in his earlier demonstration that competition is keenest between closely allied forms, so that transitions between species tend to be fairly abrupt, ‘transitional’ forms being rapidly eliminated. He is also able to produce some examples of transitional forms, between aquatic and land animals and also examples of flying mammals and reptiles. Secondly, he confronts the problem of what he calls organs of extreme perfection and complication; how could such a complex instrument as the eye, for example, have been produced by the gradual, scarcely perceptible modifications preserved by natural selection. Here Darwin was confronting the Natural Theologians and the upholders of special creation on their own, chosen ground. The eye had been Paley’s prime example of design; the analogy with the telescope which Darwin uses was also Paley’s. He had asserted that it would be possible to prove the existence of intelligent design in nature from the example of the eye alone, and Darwin once confessed that there had been a time when the thought of the eye made him feel cold all over. In fact Darwin is highly successful in producing examples of rudimentary forms of the eye, showing how even very early stages of its evolution could have conferred an advantage in the struggle for existence. He admits to more difficulty in other cases, and also in the cases of apparently useless organs. Here again the Natural Theologians and Darwin unavoidably conflict, for, as Darwin admits, the view that ‘very many structures have been created for beauty in the eyes of man, or for mere variety… if true, would be absolutely fatal to my theory’, (p. 227). Similarly, ‘If it could be proved that any part of the structure of any one species had been formed for the exclusive good of another species, it would annihilate my theory, for such could not have been produced through natural selection’, (pp. 228–9).

In Chapter VII Darwin considers a special case of extreme perfection and complication – not this time of organs but of instincts. How could natural selection, working on minute random variations, possibly account for such complex, coordinated and apparently minutely calculated activities as those of slave-making ants or the cell-making instinct of hive-bees. ‘Grant whatever instincts you please, and it seems at first inconceivable how they can make all the necessary angles and planes or ever perceive when they are correctly made.’ Darwin’s hypothetical account of the gradations by which the instinct could have been built up is one of the greatest tours de force in The Origin. At this point, one feels, even the most convinced Paleyan must have begun to appreciate that here was a profoundly serious revolutionary intellect at work.
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