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Suppose we measure the power of a scientific theory as a ratio: how much it explains divided by how much it needs to assume in order to do that explaining. By this criterion, Darwin’s theory of evolution by natural selection is second to none. Think of what it explains – and I really mean explains in the fullest sense of the word: your existence and mine; the form, diversity, and apparently designed complexity and elegance of all living things, not only on this planet but probably wherever in the universe organized complexity may be found. The explanatory work that the theory does, then – the numerator of the ratio – is immense. But the theory itself – the denominator – could hardly be smaller or more simple; you can write it out in a phrase: ‘Non-random survival of randomly varying hereditary elements.’ That isn’t quite how Darwin himself would have put it (he phrased it in terms of the survival and reproduction of individual organisms). But it captures the essence of his idea in a way that – I am convinced – he would recognize and, indeed, enjoy if he were alive today.

We can probably pare the denominator down even further, to a single essential: heredity. Given that there exists a system of high fidelity copying, two things will follow immediately: there will be a population of the entities copied; and, since no copying process is perfect (there is mutation, in other words), they won’t all be exactly the same. It then follows that successful hereditary types will tend to increase in number at the expense of unsuccessful hereditary types. That is probably all that is needed for life to get going and, given enough time, to evolve living machinery whose complexity and diversity progresses without obvious limit.

Consider where we would be without Darwin’s idea. We’d presumably have some sort of science of biology. Students would take degrees in the subject, books would be written, Nobel prizes in physiology and medicine would be won. We might know in some detail how living organisms work; we’d know that a human body is a teeming army of cells, a thousand times more numerous than the people in the world; we’d know that every one of these cells is a mass-production molecule-factory packed with the membranous equivalent of miles of sophisticated conveyor belt. We’d know a great deal about how our bodies work, and how the bodies of shrimps, elephants and redwood trees work. We’d be compelled to recognize how complicatedly organisms are fitted to survive in their particular worlds. But we wouldn’t have the foggiest idea why. We’d read volumes about living things but we wouldn’t have a clue about where they came from originally nor why they work so efficiently and purposefully. It would undoubtedly be the most baffling problem in biology – probably in the whole of science and the whole of philosophy. This was the problem that Darwin decisively solved. We are now as certain as one can ever be in science that a version of Darwin’s solution is the correct one.

The Darwinian solution to the riddle of existence is so powerfully simple, so felicitous to the modern mind, that it is hard for us to understand why it had to wait until the mid-nineteenth century before anyone thought of it. It is further surprising – and probably telling – that this great inspiration, which looks so elegant from the modern armchair, eluded centuries of philosophers, mathematicians and polymaths. Plato and Aristotle never even got close, fooling about with ‘essences’ and ‘ideal forms’; Leibnitz and Newton gave us calculus (which might seem a more exacting intellectual achievement) but not an inkling of the reason for our own existence; Hume would surely have recognized the idea as a great one if it had occurred to him, but it never did. Having eluded this galaxy of all-time talent, the answer finally came, almost simultaneously, to two English naturalists. Darwin and Wallace, they alone, thought of it.

For we must not forget Alfred Russel Wallace. This happens to Wallace quite often, I am afraid. He tends to get a poor deal at the hands of posterity, partly through his own generous nature. It was Wallace himself who coined the word ‘Darwinism’, he regularly referred to it as Darwin’s theory and he referred to himself as ‘more Darwinian than Darwin’. The main reason we know Darwin’s name more than Wallace’s is that Darwin went on, a year later, to publish The Origin of Species. The Origin not only explained and advocated the Darwin/Wallace theory of natural selection as the mechanism of evolution. It also – and this had to be done at book length – set out the multifarious evidence for the fact of evolution itself.

Given the failure of great philosophers and other thinkers throughout history to tumble to the breathtakingly powerful yet simple principle of natural selection, it is worth attending to the story of Darwin and Wallace, in case the similarities between them are revealing. The drama of how Wallace’s letter arrived at Downe House on 18 June 1858, casting Darwin into an agony of indecision and worry, is too well known for me to retell it. In my view the whole episode is one of the more creditable and agreeable in the history of scientific priority disputes – precisely because it wasn’t a dispute, although it so very easily could have become one. It was resolved amicably, and with heartwarming generosity on both sides, especially, I must say, on Wallace’s. As Darwin later wrote:

Early in 1856 Lyell advised me to write out my views pretty fully, and I began at once to do so on a scale three or four times as extensive as that which was afterwards followed in my Origin of Species; yet it was only an abstract of the materials which I had collected, and I got through about half the work on this scale. But my plans were overthrown, for early in the summer of 1858 Mr Wallace, who was then in the Malay archipelago, sent me an essay On the Tendency of Varieties to depart indefinitely from the Original Type; and this essay contained exactly the same theory as mine. Mr Wallace expressed the wish that if I thought well of his essay, I should send it to Lyell for perusal.

The circumstances under which I consented at the request of Lyell and Hooker to allow of an extract from my MS., together with a letter to Asa Gray, dated September 5, 1857, to be published at the same time with Wallace’s Essay, are given in the Journal of the Proceedings of the Linnean Society, 1858, p. 45. I was at first very unwilling to consent, as I thought Mr Wallace might consider my doing so unjustifiable, for I did not then know how generous and noble was his disposition. The extract from my MS. and the letter to Asa Gray … had neither been intended for publication, and were badly written. Mr Wallace’s essay, on the other hand, was admirably expressed and quite clear. Nevertheless our joint productions excited very little attention, and the only published notice of them which I can remember was by Professor Haughton of Dublin, whose verdict was that all that was new in them was false, and what was true was old. This shows how necessary it is that any new view should be explained at considerable length in order to arouse public attention.

Darwin was over-modest about his own two papers which were read at the Linnean Society. Both are models of the explainer’s art. Wallace’s paper is also very clearly argued. His ideas were, indeed, remarkably similar to Darwin’s own, and there is no doubt that Wallace arrived at them independently. In my opinion the Wallace paper needs to be read in conjunction with his earlier paper, published in 1855, in the Annals and Magazine of Natural History. Darwin read this paper when it came out. Indeed, it led to Wallace joining his large circle of correspondents, and to his engaging Wallace’s services as a collector. But, oddly, Darwin did not see in the 1855 paper any warning that Wallace was by then a convinced evolutionist of a very Darwinian stamp. I mean Darwinian as opposed to the Lamarckian view of evolution which saw modern species as all on a ladder, changing into one another as they moved up the ladder. By contrast Wallace, in 1855, had a clear view of evolution as a branching tree, exactly like Darwin’s famous diagram which became the only illustration in The Origin of Species. The 1855 paper, however, made no mention of natural selection or the struggle for existence.

That was left to Wallace’s 1858 paper, the one that hit Darwin like a lightning bolt. Here, Wallace even used the phrase ‘Struggle for Existence’, and he devoted considerable attention to the exponential increase in numbers (another key Darwinian point). Wallace wrote:

The greater or less fecundity of an animal is often considered to be one of the chief causes of its abundance or scarcity; but a consideration of the facts will show us that it really has little or nothing to do with the matter. Even the least prolific of animals would increase rapidly if unchecked, whereas it is evident that the animal population of the globe must be stationary, or perhaps … decreasing.

Wallace deduced from this that

The numbers that die annually must be immense; and as the individual existence of each animal depends upon itself, those that die must be the weakest …

Wallace’s peroration could have been Darwin himself writing:

The powerful retractile talons of the falcon- and the cat-tribes have not been produced or increased by the volition of those animals; but among the different varieties which occurred in the earlier and less highly organized forms of these groups, those always survived longest which had the greatest facilities for seizing their prey. Neither did the giraffe acquire its long neck by desiring to reach the foliage of the more lofty shrubs, and constantly stretching its neck for the purpose, but because any varieties which occurred among its antitypes with a longer neck than usual at once secured a fresh range of pasture over the same ground as their shorter-necked companions, and on the first scarcity of food were thereby enabled to outlive them. Even the peculiar colours of many animals, especially insects, so closely resembling the soil or the leaves or the trunks on which they habitually reside, are explained on the same principle; for though in the course of ages varieties of many tints may have occurred, yet those races having colours best adapted to concealment from their enemies would inevitably survive the longest. We have also here an acting cause to account for that balance so often observed in nature, – a deficiency in one set of organs always being compensated by an increased development of some others – powerful wings accompanying weak feet, or great velocity making up for the absence of defensive weapons; for it has been shown that all varieties in which an unbalanced deficiency occurred could not long continue their existence. The action of this principle is exactly like that of the centrifugal governor of the steam engine, which checks and corrects any irregularities almost before they become evident.

The image of the steam governor is a powerful one which, I can’t help feeling, Darwin might have envied.

Historians of science have raised the suggestion that Wallace’s version of natural selection was not quite so Darwinian as Darwin himself believed. Wallace persistently used the word ‘variety’ as the level of entity at which natural selection acts, for example in the long passage I have just quoted. And some have suggested that Wallace, unlike Darwin who clearly saw selection as choosing among individuals, was proposing what modern theorists rightly denigrate as ‘group selection’. This would be true if, by ‘varieties’, Wallace meant geographically separated groups or races of individuals. But I believe a careful reading of Wallace’s paper rules it out. I think that by ‘variety’ Wallace meant what we would nowadays call ‘genetic type’, even what a modern population geneticist (as opposed to molecular geneticist) might mean by a gene. I think that, to Wallace in this paper, variety meant not local race of eagles, for example, but ‘that set of individual eagles whose talons were hereditarily sharper than usual’.

If I am right, it is a similar misunderstanding to the one suffered by Darwin, whose use of the word ‘race’ in the subtitle of The Origin of Species is sometimes misread in support of racialism. That subtitle, or alternative title rather, is The Preservation of Favoured Races in the Struggle for Life. Once again, Darwin was using ‘race’ to mean ‘that set of individuals who share a particular hereditary characteristic, such as sharp talons’, not a geographically distinct race such as the Hoodie Crow. If he had meant that, Darwin too would have been guilty of the group selection fallacy. I believe that neither Darwin nor Wallace were. And, by the same token, I do not believe that Wallace’s conception of natural selection was different from Darwin’s.

As for the calumny that Darwin plagiarized Wallace, that is rubbish. The evidence is very clear that Darwin did think of natural selection before the younger man, although he did not publish it. We have his abstract of 1842 and his longer essay of 1844, both of which establish his priority clearly, as did his letter to Asa Gray of 1857 which was also read out at the Linnean Society in 1858. Why he delayed so long before publishing is one of the great mysteries of the history of science. Some historians have suggested that he was afraid of the religious implications, others the political ones. Maybe he was just a perfectionist.

When Wallace’s letter arrived, Darwin was more surprised than we moderns might think he had any right to be. He wrote to Lyell:

I never saw a more striking coincidence; if Wallace had had my manuscript sketch, written out in 1842, he could not have made a better short abstract of it. Even his terms now stand as Heads of my Chapters.

There were other similarities. Both men took Charles Lyell’s Principles of Geology with them on their voyages, and surely were influenced by Lyell’s ‘uniformitarian’ (anti-catastrophist) view of world history: the view that the forces governing the modern earth are the same as those governing the ancient earth, that change is gradual, and that the earth is very old. The coincidence extended to both Darwin and Wallace being inspired by Malthus on population. In Wallace’s case, the recollection of an earlier reading of Malthus dropped into his overheated brain in the midst of a malarial fever, on the island of Ternate in the Moluccas archipelago:

I was suffering from a sharp attack of intermittent fever, and every day during the cold and succeeding hot fits had to lie down for several hours, during which time I had nothing to do but to think over any subjects then particularly interesting me … One day something brought to my recollection Malthus’s ‘Principles of Population’. I thought of his clear exposition of ‘the positive checks to increase’ – disease, accidents, war, and famine – which keep down the population of savage races to so much lower an average than that of more civilized peoples. It then occurred to me …

(from Wallace’s autobiography)

It is easy to imagine the impact on Wallace’s fevered brain, teeming with the diversity of the tropics, of Malthus’s demonstration that populations tend to outstrip resources, from which it followed that life must be a continued struggle. The principle of natural selection jumped out at him, and it is tempting to imagine it as one of those cool lucid respites in the malarial cycle, when the jungle’s clamour seems suddenly hushed.

Darwin, by his own account (although modern historians have disputed it), was immediately inspired by Malthus’s emphasis on overpopulation and competition, the moment he read it. He wrote in his autobiography:

In October, 1838, that is, fifteen months after I had begun my systematic inquiry, I happened to read for amusement Malthus on population, and being well prepared to appreciate the struggle for existence which everywhere goes on from long continuous observation of the habits of animals and plants, it at once struck me that under these circumstances favourable variations would tend to be preserved and unfavourable ones to be destroyed. The result of this would be the formation of new species. Here, then, I had at last got a theory by which to work; but I was so anxious to avoid prejudice, that I determined not for some time to write even the briefest sketch of it. In June 1842, I first allowed myself the satisfaction of writing a very brief abstract of my theory in pencil in 35 pages; and this was enlarged during the summer of 1844 into one of 230 pages, which I had fairly copied out and still possess.

Darwin’s determination not to write his hypothesis down, ‘to avoid prejudice’, seems odd until one remembers that, in his time, scientists were supposed to proceed by pure induction, letting facts mount up and speak for themselves to a mind unbiased by theory. In fact, as Michael Ghiselin showed in his excellent The Triumph of the Darwinian Method, Darwin, like any good scientist, worked by dreaming up hypotheses and then testing them against the facts, not only in the case of the theory of natural selection itself, but in all his major works (and, by the way, even if he had not given us the Origin, Darwin would still come down to us as a considerable figure in Victorian science).

There are other candidates for priority, apart from Darwin and Wallace. I’m not talking about the idea of evolution itself, of course: there are numerous precedents there, including Erasmus Darwin, his remarkable grandfather. But as discoverers of natural selection, other Victorians have been championed with something like the zeal of Baconians disputing the authorship of Shakespeare. These include Patrick Matthew, whose cause is vigorously argued by W. J. Dempster in Patrick Matthew and Natural Selection, and Edward Blyth who is similarly advocated by Loren Eiseley. Darwin himself mentions an earlier candidate, W. C. Wells. Matthew complained that Darwin had overlooked him, and Darwin subsequently did mention him in later editions of the Origin.

In 1831 Mr Patrick Matthew published his work on ‘Naval Timber and Arboriculture’, in which he gives precisely the same view of the origin of species as that … propounded by Mr Wallace and myself in the ‘Linnean Journal’, and as that enlarged in the present volume. Unfortunately the view was given by Mr Matthew very briefly in scattered passages in an Appendix to a work on a different subject, so that it remained unnoticed until Mr Matthew himself drew attention to it in the ‘Gardener’s Chronicle’ … (Quoted in Darwin’s ‘Historical Sketch’, first added in the third edition of the Origin.)

I think it is by no means clear that these authors understood the importance of natural selection. Matthew himself didn’t seem to regard it as a major discovery at all:

To me the conception of this law of Nature came intuitively as a self-evident fact, almost without an effort of concentrated thought … Mr Darwin here seems to have more merit in the discovery than I have had; to me it did not appear a discovery. He seems to have worked it out by inductive reason, slowly and with due caution to have made his way synthetically from fact to fact onwards; while with me it was by a general glance at the scheme of Nature that I estimated this select production of species as an a priori recognisable fact – an axiom requiring only to be pointed out to be admitted by unprejudiced minds of sufficient grasp.

The evidence is compatible with the view that these purported predecessors of Darwin and Wallace saw natural selection as a purely negative force, weeding out misfits rather than building up the whole evolution of life (this, indeed, is a misconception under which modern creationists can be found labouring).

What is the present status of Darwinism? Should we today read Darwin’s works for their historic interest only, or are they still regarded as scientifically true? We can now see that, to a remarkable extent, Darwin got it right. Above all, we still hold to his solution of the really big question, the question of how the laws of blind physics could generate ever increasing prodigies of statistically improbable, organized complexity (a feat that, as we shall see, has even – erroneously – been thought to fly in the face of one of the most important of those laws, the second law of thermodynamics). Quite apart from the correctness of his fundamental point, Darwin showed astonishing prescience when it came to detail. His passages on ecology, on the tangled webs of interaction between animals and plants, sound uncannily modern. It is his ideas on the detailed nature of heredity that we can now see to have been most seriously wrong. Indeed, reforms in ideas on heredity have led, in two successive episodes, to announcements of the births of ‘neo’-Darwinisms.

The first neo-Darwinism dates from the 1890s and was mainly associated with the name of the great German biologist August Weismann. Weismann’s most important contribution was the idea of the genetic material as an autonomous river flowing through time, with bodies – you and me – as temporary conduits for it. Weismannism is diametrically opposed to Lamarckism. Weismann’s genetic river flows on inviolate, and acquired characteristics are never inherited. The second neo-Darwinism, the one to which the name is applied today, is the population genetic version of Darwinism initiated by R. A. Fisher, J. B. S. Haldane and Sewall Wright. This is conventionally dated from about 1930, when Fisher published The Genetical Theory of Natural Selection, although his writings on the subject go back at least a decade earlier.

Darwin’s view of heredity was that of his time. There seemed no particular reason to doubt that environmentally induced changes in the body impressed themselves on the hereditary substance and so were passed on to future generations. Darwin did not doubt it, and when it suited him he freely made use of the idea. Indeed, in Variation under Domestication, he developed his own theory of acquired heredity – ‘Pangenesis’. Tiny particles called gemmules circulated in the blood, becoming imprinted with information from all parts of the body and conveying it to the sex cells and hence into the next generation. This is one of the very few of Darwin’s ideas that we can say with confidence is utterly wrong, not just in detail but in spirit.

Darwin also accepted the assumption of blending inheritance prevalent at that period. Children clearly resembled both their parents, but some seemed to take more after the father, others more after the mother. Presumably some substance from each parent was blended with that of the other, though not necessarily in equal proportions. The incompatibility of all forms of blending inheritance with natural selection was pointed out by Fleeming Jenkin, Professor of Engineering at Glasgow, in 1867 in the North British Review. Jenkin, who was hostile to Darwin’s ideas, produced an ingenious and apparently knock-down argument against the theory of natural selection. He used a human example to express his point, and couched it in the racialist terms that were almost universal then, so I’ll put it in a less offensive way. If children are intermediate between their parents – a blend like a mixture of two pots of paint – new variations will inevitably tend to disappear as the generations go by. No matter how strongly natural selection favours a characteristic, that characteristic is bound to become successively diluted as time passes. Nothing can save the beneficial characteristic from being swamped out of existence.

It is tempting to say – and frequently said – that it was Jenkin’s challenge that goaded Darwin into importing a large measure of Lamarckian heredity into the fifth and sixth editions of the Origin. After all, it is known that Darwin was worried by Jenkin’s argument, and the assumption of blending inheritance is indeed well-nigh fatal to natural selection. Although this feels right, it has been pointed out that in fact most of the fifth edition revisions had already been made before Darwin could have read Jenkin’s article. Whatever the stimulus for these revisions, they are among the most important reasons for preferring the first edition for this Everyman reprinting. The first edition was written without benefit of criticism from Darwin’s lesser contemporaries, and it was the better for it.

Incidentally, the Origin is not the only one of Darwin’s books of which this might be said. In the second edition of The Descent of Man, Darwin raised the question of the 1:1 sex ratio, only to drop it again:

I formerly thought that when a tendency to produce the two sexes in equal numbers was advantageous to the species, it would follow from natural selection, but I now see that the whole problem is so intricate that it is safer to leave its solution to the future.

(The Descent of Man, second edition)

It was the splendidly clear-thinking Ronald Fisher who came to the rescue in 1930.1 He introduced his discussion by quoting the above passage from Darwin, and then went on to his own elegant solution:

In organisms of all kinds the young are launched upon their careers endowed with a certain amount of biological capital derived from their parents … Let us consider the reproductive value of these offspring at the moment when this parental expenditure on their behalf has just ceased. If we consider the aggregate of an entire generation of such offspring it is clear that the total reproductive value of the males in this group is exactly equal to the total value of all the females, because each sex must supply half the ancestry of all future generations of the species. From this it follows that the sex ratio will so adjust itself, under the influence of Natural Selection, that the total parental expenditure incurred in respect of children of each sex, shall be equal; for if this were not so and the total expenditure incurred in producing males, for instance, were less than the total expenditure incurred in producing females, then since the total reproductive value of the males is equal to that of the females, it would follow that those parents, the innate tendencies of which caused them to produce males in excess, would, the for same expenditure, produce a greater amount of reproductive value; and in consequence would be the progenitors of a larger fraction of future generations than would parents having a congenital bias towards the production of females. Selection would thus raise the sex-ratio until the expenditure upon males became equal to that upon females.

But what Fisher and many others overlooked is that Darwin himself came much closer to the correct, Fisherian solution in the first edition of Descent than in the second edition which is the one Fisher quoted.

Let us now take the case of a species producing, from the unknown causes just alluded to, an excess of one sex – we will say of males – these being superfluous and useless, or nearly useless. Could the sexes be equalized through natural selection? We may feel sure, from all characters being variable, that certain pairs would produce a somewhat less excess of males over females than other pairs. The former, supposing the actual number of the offspring to remain constant, would necessarily produce more females, and would therefore be more productive. On the doctrine of chances a greater number of the offspring of the more productive pairs would survive; and these would inherit a tendency to procreate fewer males and more females. Thus a tendency toward equalization of the sexes would be brought about.

This really is a remarkably close approximation to Fisher’s own formulation. If only Darwin had had the courage of his first edition convictions! The whole question of Fisher’s predecessors in sex ratio theory is admirably discussed by one of Fisher’s most distinguished pupils, A. W. F. Edwards.2

Returning to the Origin, and Fleeming Jenkin’s riddle of the apparently disappearing variance, the solution eventually turned out to lie in the fact that heredity is not blending at all, as Jenkin and Darwin thought, but ‘Mendelian’ – not a matter of blending substances but of reshuffling indivisible particles. One of the famous ironies of the history of science is that Mendel’s experiments had already been published in 1865, two years before Jenkin’s troubling assault. Properly interpreted, Mendel would eventually turn out to be Darwin’s saviour from the erroneous criticism of Jenkin. But, far from being properly interpreted, Mendel was not even read, by Darwin or apparently anyone else, until 1900. And even after the rise of Mendelism its leading exponents, the ‘Mendelians’ William Bateson, Hugo De Vries and others, so misunderstood its significance as to think it positively opposed to Darwinism. This was largely because the most visible mutations were too large and dramatic to do the job that Darwinism would demand of them.

The matter was not definitively resolved until it was finally taken in hand, again by R. A. Fisher. Incidentally, there is a pleasing continuity in the fact that Fisher was backed and supported in his young days by one of Charles Darwin’s sons, the eugenicist Major Leonard Darwin. Fisher’s daughter, Joan Fisher Box was later to write, in her biography of her father:3

Major Darwin, by his faith and his personal generosity, stood godfather to Fisher’s scientific career, and in the 30 years of deepening friendship until Darwin’s death in 1942, Fisher honored him as a father.

W. Weinberg in Germany and the eccentric English mathematician G. H. Hardy had shown by elementary algebra that there would be no inherent tendency for genes to change in frequency. In the same way as Newton argued that bodies in motion would stay in motion unless positively resisted, Hardy and Weinberg showed, with almost embarrassingly simple algebra, that gene frequencies in populations would remain the same unless positively perturbed by some force such as selection. Starting from the so-called Hardy/Weinberg Law, Fisher, Haldane and Wright built up a new way of thinking about Darwinism which is pretty much the way we think about it today. Evolution became seen as changes in frequencies of rival (‘allelic’) particles in a pool of particles, the gene pool. As some genes become more frequent in the population and others less frequent, so the shapes and sizes of organisms change. As I would put it today, geological time is the stage for a continually renewed dance of immortal genes, changing partners and casting off an unending string of mortal bodies. So the spectre of Fleeming Jenkin was finally laid.

What might have been pointed out in Jenkin’s own time was that his argument was only incidentally anti-Darwinian. It was also an argument against manifest fact. If Jenkin had been right, variation should not be conserved and should decrease with dramatic rapidity. Any cohort of grandchildren should be visibly less variable than their grandparents were. Mix black paint and white, and the result is grey paint. Mix grey with grey and you’ll get more grey: all the king’s horses and all the king’s men will never reconstitute the original black and white. Yet with living things, as the generations go by, it is perfectly obvious that this is not happening. The descendants of variable ancestors do not merge into grey uniformity. They remain, on the whole, just as variable as earlier generations ever were. Jenkin thought his argument anti-Darwinian. It was actually anti-known-fact and therefore clearly wrong.

Fisher pointed out that Darwin, as early as 1857, had a dim perception of some sort of particulate inheritance. In a letter to Huxley, Darwin had written:

I have lately been inclined to speculate, very crudely and indistinctly, that propagation by true fertilization will turn out to be a sort of mixture, and not true fusion, of two distinct individuals, as each parent has its parents and ancestors. I can understand on no other view the way in which crossed forms go back to so large an extent to ancestral forms. But all this, of course, is infinitely crude.

Being wise after the event, one can say that the principle of particulate or Mendelian inheritance, and its significance in refuting Jenkin, is staring us in the face every time we contemplate sex itself. We all have a mother and a father but we are not intermediate hermaphrodites. If maleness and femaleness do not blend, Jenkin-style, why should we assume that anything else does? Some things are so obvious that it requires a Fisher to see beyond the obviousness.

But, yet again, what even Fisher did not realize is how tantalizingly close Darwin himself came. In an 1866 letter to Wallace,4 which Fisher would surely have quoted had he known of it, Darwin said:

My dear Wallace

 … I do not think you understand what I mean by the non-blending of certain varieties. It does not refer to fertility; an instance will explain. I crossed the Painted Lady and Purple sweetpeas, which are very differently coloured varieties, and got, even out of the same pod, both varieties perfect but none intermediate. Something of this kind I should think must occur at least with your butterflies & the three forms of Lythrum; tho’ these cases are in appearance so wonderful, I do not know that they are really more so than every female in the world producing distinct male and female offspring … 
Believe me, yours very sincerely
Ch. Darwin

Here Darwin comes closer to anticipating Mendel than in the passage quoted by Fisher, and he even mentions his own Mendel-like experiments on sweet peas.

Fleeming Jenkin was not the only physical scientist to give Darwin a hard time. Sir William Thomson, Lord Kelvin, incidentally a former collaborator of Fleeming Jenkin in laying the transatlantic cable, was seen by many as the leading physicist of his generation. He pronounced, with the lofty certainty of a physicist talking down to a mere biologist, that the earth was probably only a few tens of millions of years old, and certainly far too young to allow evolution to achieve what Darwin supposed. Darwin quailed a little before such massively authoritative pontification, but he remained true to his own, more deeply reasoned convictions.

In our century, of course, he was triumphantly vindicated. Radioactive dating methods show the earth’s age to be measured in thousands of millions of years, ample – indeed, almost too ample – for Darwin’s purposes. Even by the end of the nineteenth century Kelvin’s conclusions were already being questioned by physical scientists, among them Darwin’s son George. It is easy to forgive Kelvin his error; harder to forgive his assumption that, if the best physicist of the day says one thing and the best biologist the opposite, it is axiomatic that the physicist must be right. In our own time the eminent astrophysicist Sir Fred Hoyle ran an idiosyncratic anti-Darwinian campaign which led him, together with another astronomer, C. Wickramasinghe, even to question the authenticity of one of our best-known fossils, the primitive bird Archaeopteryx, and to claim that ‘Any physicist looking at it would have worries’ (quoted in New Scientist, 14 April 1985, p. 3, my emphasis). Hoyle and Wickramasinghe have also written:

At one stage we received a suggestion by telephone that a panel of four sedimentary geologists be appointed, two by the Museum, two by us, to pronounce on the authenticity of the fossil. Our reply was typical of all that is objectionable in our way of expressing things.

The remarks about sedimentary geologists that follow do indeed bear out this judgment, though why they are so proud of being objectionable is less clear. They conclude (emphasis mine):

Besides which, controversies are not settled in the quantitative sciences in such a ludicrous way.

The same assumption about the hierarchy of sciences, with physics at the top, can be detected in the following letter to The Times of 19 December 1981 by a professional physicist (and a Fellow of the Royal Society):

As a physicist, I cannot accept [natural selection] … It seems to me to be impossible that chance variation should have produced the remarkable machine that is the human body. Take only one example – the eye …

The objection to Darwinism that it is a theory of ‘chance’ is one of the most popular and most foolish of all. Mutation is indeed random, although only in the sense that it is not directed towards improvement. Natural selection is quintessentially the opposite of random. Any fool can see that random chance cannot put together living complexity. That is precisely why Darwinism is necessary. It is a preposterous irony that the statistical improbability of living organization is regularly advanced as though it counted against Darwinism, rather than in favour of it.

Other alleged objections were mostly disposed of by Darwin himself in his ‘Difficulties on Theory’ chapter of the Origin, and the three subsequent chapters on ‘Instinct’, ‘Hybridism’ and ‘On the Imperfection of the Geological Record’. Some more modern objections Darwin would have rumbled with ease. I’ll mention two, ‘thermodynamics’ and ‘tautology’, which are based upon half-understood smatterings of science and philosophy.

The second law of thermodynamics states that any closed system tends to become more disordered. This is fundamentally because there are more ways of being disordered than ways of being in a state that we would recognize as ordered. Evolution represents an increase in the ordering of matter. Therefore, the argument triumphantly concludes, evolution violates the second law and evolution cannot occur! The physicist’s simple reply to this argument is that we are not dealing with a closed system: external energy is fed in. But a more cutting retort than this is called for. It is the very existence of life – whether it comes about by evolution, divine creation or by any other means – that constitutes, if anything does, an increase in the ordering of matter. If the thermo-dynamic argument could be used to prove the non-existence of evolution, it could equally be used to prove the non-existence of life. The idea that evolution violates the second law is not merely mistaken – it turns out to be actively foolish.

Half-understood philosophy is no less pernicious than half-understood physics. Most of us nowadays have picked up the philosopher’s nostrum that a good scientific theory should be ‘falsifiable’. Any theory that turns out to be a necessary truth, a tautology, is of no value according to this philosophy. Darwinian natural selection is sometimes summed up in Herbert Spencer’s phrase ‘survival of the fittest’. The ‘fittest’ are defined as those that survive. So the phrase, and by triumphant implication the theory, is circular, tautological and empty. Once again, we can give a scholarly reply and also a more scathing one. The scholarly reply is that it is only recently that ‘fittest’ has come to be defined in such a way as to make ‘survival of the fittest’ circular. For Darwin the fittest were the strongest, the fastest, the sharpest-eyed. As part of the neo-Darwinian revolution, theorists needed a name for the quantity that natural selection tends to maximize, a mathematical quantity sometimes symbolized as W. They lit upon ‘fitness’. If fitness is defined in this way, it is obvious that the phrase ‘survival of the fittest’ has got to become a tautology.

To come to the more scathing reply, ‘survival of the fittest’ is a tautology in the same sense as it is tautological to say: ‘If a horse runs at twice the speed of a man, the horse will cover a given distance in half the time as a man’. This follows from the definition of ‘speed’. Only someone ‘educated far beyond his capacity to undertake analytical thought’5 would conclude that because the statement is tautological neither horse nor man will complete the course! Darwin himself would perhaps have appealed, as he so often did, to the facts of domestication. Nobody denies that selective breeding has been extremely effective in making racehorses run as fast as they do, or in improving the milk yield of cows. If we define the ‘fittest’ racehorse as the type most likely to be selected for breeding, then what is going on in a stud farm is a process of (artificial) ‘survival of the fittest’ which is every bit as tautological as survival of the fittest in wild nature. But nobody ever tried to persuade a horse breeder or a cattle breeder: ‘You’re wasting your time trying to improve the breed; your whole enterprise is a circular tautology and therefore doomed to failure.’

On the Origin of Species (the ‘On’ was dropped from the sixth edition) is not the only important book that Darwin wrote. I have already mentioned The Descent of Man. But the one that Everyman have chosen to reprint together with the Origin is Darwin’s first and most charming book, commonly known as The Voyage of the Beagle or A Naturalist’s Voyage, which was based upon his diaries of H.M.S. Beagle. I say ‘commonly known as’, because the Victorians had a more fluid view of book titles than we do; it is even possible to be unsure which title applies to which book. The full title of the first edition, published in 1839 by Henry Colburn, London, was Voyages of the Adventure and Beagle. Narrative of the Surveying Voyages of His Majesty’s Ships Adventure and Beagle between the years 1826 and 1836 describing their Examination of the Southern Shores of South America and the Beagle’s circumnavigation of the globe. In Three Volumes. Volumes I and II were by Captains King and Fitzroy. Darwin’s was Volume III, entitled Journal and Remarks, 1832–1836. Soon afterwards, Colburn reissued Darwin’s volume separately, under a new title. For his second edition, in 1845, Darwin went alone to a new publisher, John Murray, with whom he was to stay for the rest of his writing life. This second edition’s title, slightly modified from Colburn’s second title, was Journal of Researches into the Natural History and Geology of the Countries Visited during the Voyage of H.M.S. Beagle round the World. It is that second edition, originally published in 1845, which is reprinted here.

Several further editions have appeared, mostly versions of the second, 1845 edition. Many of these have an abbreviated title on the spine, and sometimes on the title page as well: A Naturalist’s Voyage or A Naturalist’s Voyage Around the World. Others, including my own copy published in 1891 by Ward Lock, has a different abbreviated title on the cover: Darwin’s Journal During the Voyage of H.M.S. Beagle round the World. To add one more layer to the complication, in 1933 Darwin’s granddaughter Nora Barlow edited Charles Darwin’s Diary of the Voyage of the Beagle for Cambridge University Press. This is a reprinting of the original diaries on which the earlier book was based.

By whatever name, it is a delightful and beautifully written travel book which always makes me think of my earlier hero, Hugh Lofting’s ‘Doctor Dolittle’ (now, alas, banned by righteous librarians for ‘racism’ – regrettable, no doubt, but surely a peccadillo in comparision to the rampant speciesism of our society which Dr Dolittle could do so much to remove from childish minds).

Darwin’s travel notes offer tantalizing glimpses of how his mind was working towards the great truth that he was later to unveil for us. On every page, the book gives us hints of the great sage that the young Darwin was to become. We are left with a picture of a clever, sensitive and humane observer, a restlessly curious intellect, and a tireless collector whose youthful energy makes a poignant contrast with his invalided maturity and with the brooding melancholy that stares across to us from the portraits of his old age. There is adventure here. And humour, as in the story of how Darwin tried to use the bolas, the South American hunting weapon consisting of a weight on the end of a rope, but succeeded only in capturing the legs of his own horse – to the huge amusement of the gauchos.

We also can appreciate the liberal decency of the young Darwin, his passionate opposition to slavery (which caused a falling-out with Fitzroy), and his bewildered disgust at, for example, the indiscriminate hunting of South American Indians by the Spanish:

This is a dark picture; but how much more shocking is the unquestionable fact, that all the women who appear above twenty years old are massacred in cold blood! When I exclaimed that this appeared rather inhuman, he answered, ‘Why, what can be done? They breed so!’

Everyone is convinced that this is the most just war, because it is against barbarians. Who would believe in this age that such atrocities could be committed in a Christian civilized country?

But most of his attention is focused upon his beloved natural history, and geology. The Voyage of the Beagle is a travel book by one of the most intelligently observant and thoughtful travellers of all time. What a privilege to see the world through such eyes. What a bonus to glimpse the mind of a developing genius in the flower of his robust and energetic youth.

Charles Darwin should be read because, give or take a few minor details, the evolutionary world view that he has given us, that world view which is so utterly different from anything that went before, is, according to all that we have learnt since his time, literally true and unlikely ever to be superseded. Evolution as a fact has the same status as the fact that the earth is round and not flat (though people can be found to call either ‘mere theories’). It is Darwin who conclusively showed to the world that evolution is true.

He also gave us by far the most plausible theory for how evolution has taken place, the theory of natural selection. I would go further. I have argued elsewhere that, at least as far as adaptation – the strong illusion of design that pervades all living things – is concerned, not only is natural selection the correct explanation for adaptive evolution on this planet. It is the only explanation ever suggested that in principle is capable of explaining adaptation. We therefore have grounds for believing that Darwinism has a universality that otherwise we expect to find only in the great theories of physics. If there is life – if there is any form of organized complexity – it will have evolved by some form of Darwinian natural selection. If that sounds like a rash or an arrogant thing to say – who, after all, would have thought that Newton would be superseded by Einstein and Planck? – reflect that there are truths that everybody would accept are simply true and will never be superseded.

It is sometimes suggested that Darwin is one of a trio of nineteenth-century giants, along with Marx and Freud. But are Marx and Freud really in his league? If we are ever contacted by alien beings from anywhere else in the universe sufficiently advanced technologically to reach us, will we have anything to say to them, when they step from their celestial Beagle? We shall surely share with them at least parts of mathematics and physics. They will have computed the same value of π; they will have the geometrical theorem that we attribute to Pythagoras; they will revere their equivalents of Einstein and of Planck. But there is no reason to suppose that they will have a Marx or a Freud. Why should these men’s discoveries have any applicability outside the narrow confines of one species of animal on one planet in one galaxy? It is only the anthropologists on the alien expedition who will have any time for Marx and Freud. But if I am right about the universal significance of Darwinian natural selection, our aliens will revere the immortal memory of their Charles Darwin.

Richard Dawkins
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3Joan Fisher Box, R. A. Fisher: the Life of a Scientist, Wiley, New York, 1978.

4Letter dated ‘Tuesday, February, 1866’. Published in James Marchant, Alfred Russel Wallace: Letters and Reminiscences, Vol. 1, Cassell, London, 1916. I am extremely grateful to Dr Seymour J. Garte of New York University, who found this letter by chance in a volume of correspondence between Darwin and Wallace in the British Library in London, immediately recognized its significance and sent a copy to me. I have previously published this letter in A Devil’s Chaplain, Weidenfeld and Nicolson, London, 2003.

5P. B. Medawar, The Art of the Soluble, Oxford University Press, 1982 (p. 249).




NOTE ON THE TEXT
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This edition reprints the text of the second edition of The Voyage of the Beagle and the first edition of The Origin of Species. The Historical Sketch and the Glossary, however, did not appear with the first edition but were added by Darwin later.
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	DATE
	AUTHOR’S LIFE
	LITERARY CONTEXT



	1789
	
	Erasmus Darwin: Botanic Garden.



	1793
	
	



	1794
	
	Erasmus Darwin: Zoonomia



	
	
	(to 1796).



	1798
	
	Malthus: An Essay on the



	
	
	Principle of Population.



	1799–1804
	
	



	1802
	
	Paley: Natural Theology.



	1807
	
	Humboldt: Voyages aux régions



	
	
	equinoxiales du nouveau continent.



	1809
	Born 9 February in Shrewsbury, son of Dr Robert Darwin and Susannah Wedgwood, grandson of Erasmus Darwin the scientist, doctor, poet and polymath, and Josiah Wedgwood the potter.
	Lamarck: Philosophie zoologique.
Goethe: Elective Affinities.



	1811
	
	Jane Austen: Sense and Sensibility.



	
	
	Shelley: The Necessity of Atheism.



	1812
	
	Byron: Childe Harold Cantos 1 & 2.



	
	
	Hegel: Logic (to 1816).



	1814
	
	Lamarck: Histoire des animaux



	
	
	sans vertèbres (to 1822).



	
	
	Wordsworth: The Excuisian.



	1815
	
	



	1816
	
	Jane Austen: Emma.



	
	
	Scott: Old Mortality.



	1817
	Mother died.
	Georges Cuvier: Le Règne animal distribué d’après son organisation.



	
	
	Keats: Poems.



	
	
	Coleridge: Biographia Literaria.



	1818
	Sent to Shrewsbury School.
	Scott: Heart of Midlothian.



	
	
	Etienne Geoffroy Saint-Hilaire: Philosophie anatomique (to 1820).



	
	
	Mary Shelley: Frankenstein.



	
	
	Jane Austen: Northanger Abbey, Persuasion.
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HISTORICAL EVENTS

French Revolution.

Britain declares war on France.

Naturalist Baron von Humboldt travels in South America.

Sir John Moore dies at Corunna; allied victories in the Peninsula; Napoleon captures Vienna.

Prince of Wales made Regent (George III recognized as insane). Bread riots in Nottingham; Luddite uprisings begin.

Napoleon invades Russia. Tory government under Lord Liverpool in Britain (to 1827).

Napoleon abdicates. Congress of Vienna (to 1815).

Napoleon’s Hundred Days. Battle of Waterloo. Second Bourbon restoration.

Corn Laws in Britain.

Spa Field riot. Economic depression. Holy Alliance between Russia, Prussia and Austria to preserve European status quo.

Congress of Aix-la-Chapelle.





	DATE
	AUTHOR’S LIFE
	LITERARY CONTEXT



	1819
	
	Scott: Ivanhoe; The Bride of



	
	
	Lammermoor.



	1820
	
	Hegel: Philosophy of Right.



	1824
	
	



	1825
	Enrolled at Edinburgh University to read medicine. Didn’t like it, and spent much of his time studying natural history instead, especially seashore invertebrates.
	Saint-Simon: Nouveau Christianisme.



	1828
	Having given up all hope of being a doctor, entered Christ’s College, Cambridge, to train for the clergy. Read Paley’s Evidences which made a great impression on him. Came under the influence of the botanist Henslow, and the geologist Sedgwick.
	



	1829
	
	Balzac: La Comédie humaine (17 vols, to 1848).



	1830
	
	Stendhal: Le Rouge et le Noir.



	
	
	Charles Lyell: Principles of Geology (to 1833).



	
	
	Cuvier and Saint-Hilaire: Philosophie zoologique.



	1831
	Overcoming father’s initial opposition with aid of uncle Wedgwood, sailed on the surveying ship H.M.S. Beagle, having been recommended by Henslow for the post of gentleman companion to Captain Robert Fitzroy.
	Hugo: Notre-Dame de Paris.



	1832
	
	Death of Goethe and Sir Walter Scott.



	1832–5
	Various overland expeditions in South America, each time returning to the Beagle, which was charting South American waters.
	



	1833
	
	George Sand: Lélia.



	
	
	Carlyle: Sartor Resartus.



	1834
	
	



	1835
	Visit to the Galapagos Islands, 16 September–20 October.
	Humboldt: Géographie du nouveau continent (to 1838).
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HISTORICAL EVENTS

Peterloo massacre; Six Acts. Birth of Queen Victoria. Factory Act restricts child labour.

Death of George III; accession of George IV. Trial of Queen Caroline. Repeal of Combination Acts. Westminster Review founded.

Catholic Emancipation. Stephenson’s ‘Rocket’.

Death of George IV; accession of William IV. The ‘Bourgeois Revolution’ in France: flight of Charles X and accession of Louis-Philippe.

The first great railway, between Liverpool and Manchester, opened.

First Parliamentary Reform Act.

New Factory Act introduces further reforms. Start of Oxford Movement;

Newman launches ‘Tracts for the Times’. Abolition of slavery in the British Empire.

New Poor Law abolishes outdoor relief. Tolpuddle Martyrs.

Peel’s Tamworth Manifesto. Fox Talbot: first photographic negative.





	DATE
	AUTHOR’S LIFE
	LITERARY CONTEXT



	1836
	Return of the Beagle to England, via Australia and South Africa (2 October).
	



	
	
	



	
	
	



	1837
	
	Dickens: Pickwick Papers.



	
	
	Carlyle: History of the French



	
	
	Revolution.



	1838
	Darwin read Malthus’s essay on population, which he later said gave him the inspiration for natural selection (28 September).
	Charles Hennell: An Inquiry into the Origins of Christianity.



	
	
	



	
	
	



	
	
	



	1839
	Married his cousin Emma Wedgwood (29 January).
	Carlyle: Chartism.



	
	
	



	
	Publication of Journal of Researches
	



	
	(The Voyage of the Beagle).
	



	1840
	
	



	1841
	
	Dickens: The Old Curiosity Shop.



	
	
	Isidore Geoffroy Saint-Hilaire:



	
	
	Essais de zoologie générale.



	1842
	First written sketch of evolution theory, unpublished. Coral Reefs. Moved to Down House, Kent, where he was to live for the rest of his life.
	



	
	
	



	
	
	



	
	
	



	
	
	



	
	
	



	1843
	Volcanic Islands.
	Ruskin: Modern Painters (to 1860).



	1844
	Wrote longer essay on evolution by natural selection, again unpublished but with instructions to Emma to publish it in the event of his death.
	Robert Chambers: Vestiges of Creation (published anonymously).



	1845
	
	Humboldt: Cosmos (to 1862).



	
	
	Disraeli: Sybil, or The Two Nations.



	1846
	Began long study of the taxonomy of barnacles.
	Strauss: Das Leben Jesu (1835) trans. George Eliot as The Life of Jesus.



	1847
	
	J. L. R. Agassiz: Système glaciarre.



	
	
	C. Brontë: Jane Eyre.



	
	
	E. Brontë: Wuthering Heights.



	
	
	Thackeray: Vanity Fair (to 1848).



	1848
	Death of father, Dr Robert Darwin.
	Dickens: Dombey and Son.



	
	
	Marx and Engels: The Communist



	
	
	Manifesto.



	
	
	Elizabeth Gaskell: Mary Barton.



	
	
	J. S. Mill: Political Economy.



	
	
	Macaulay: History of England



	
	
	(to 1859).
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HISTORICAL EVENTS

Queen Victoria comes to the throne. Electric telegraph.

Chartists demand reform, including universal suffrage. Brunel’s ‘Great Western’.

Daguerrotype photograph. Faraday’s theory of electromagnetism.

Marriage of the Queen to Prince Albert.

Newman’s Tract XC. Income tax introduced. ‘Young England’ Movement.

Joule’s theory of thermodynamics.

Irish potato famine.

Repeal of the Corn Laws under Sir Robert Peel. Railway expansion.

Revolutions in Europe; Chartist unrest in England. Pre-Raphaelite Brotherhood founded.





	DATE
	AUTHOR’S LIFE
	LITERARY CONTEXT



	1849
	
	Richard Wagner: Die Kunst



	
	
	und die Revolution.



	1850
	
	First publication of



	
	
	Wordsworth’s Prelude.



	
	
	Tennyson: In Memoriam.



	
	
	Death of Wordsworth and



	
	
	Balzac.



	
	
	Herbert Spencer: Social Statics.



	
	
	Dickens: David Copperfield.



	1851
	Death of beloved daughter Annie, which some see as a formative moment in his loss of religious faith.
	



	
	
	



	
	
	



	
	
	



	1852
	
	Thackeray: Henry Esmond.



	1853
	
	Comte: Cours de philosophie



	
	
	positive (1830–42) trans. Harriet



	
	
	Martineau as Positive Philosophy.



	1854
	Barnacle work completed.
	Dickens: Hard Times.



	
	
	Feuerbach: Das Wesen des



	
	
	Christenthums (1841) trans.



	
	
	George Eliot as The Essence of



	
	
	Christianity.



	1855
	Publication of Wallace’s first paper on evolution (but not natural selection) in Annals and Magazine of Natural History.
	Herbert Spencer: Principles of Psychology.



	
	
	



	
	
	Lewes: Life of Goethe.



	
	
	Elizabeth Gaskell: North and South.



	1857
	
	Flaubert: Madame Bovary.



	
	
	Dickens: Little Dorrit.



	
	
	Trollope: Barchester Towers.



	
	
	Lewes: Sea-side Studies.



	1858
	Darwin receives Wallace’s unpublished paper clearly setting out the theory of evolution by natural selection (18 June).
	



	
	Darwin’s and Wallace’s unpublished papers read, in the absence of both authors, at the Linnean Society, London (1 July).
	



	1859
	The Origin of Species
	J. S. Mill: On Liberty.



	
	(22 November).
	



	1860
	
	Collins: The Woman in White.



	
	
	George Eliot: The Mill on the



	
	
	Floss.



	
	
	Ruskin: Unto this Last.
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HISTORICAL EVENTS

Mazzini’s short-lived Roman republic falls to French army. Other European revolutions suppressed and period of reaction follows. Don Pacifico incident. Public Libraries Act.

Great Exhibition at the Crystal Palace. Second census records a population of 17,927,609 in England and Wales as compared with 8,872,980 in 1801. Foundation of Royal School of Mines – first state institution for scientific research and teaching.

Louis Napoleon proclaimed Emperor of France.

Crimean War (to 1856). British Medical Association founded. Dissenters allowed to matriculate at Oxford.

Palmerston becomes Prime Minister (to 1858).

Indian Mutiny. Matrimonial Causes Act.

First transatlantic cable laid between Ireland and Newfoundland. Jews admitted to Parliament.

Palmerston’s second ministry (to 1865).





	DATE
	AUTHOR’S LIFE
	LITERARY CONTEXT



	1861
	
	Dickens: Great Expectations.



	
	
	J. S. Mill: Utilitarianism.



	1862
	Fertilization of Orchids.
	Spencer: First Principles.



	
	
	Turgenev: Fathers and Children.



	
	
	Hugo: Les Miserables.



	1863
	
	Charles Lyell: The Geological



	
	
	Evidences of the Antiquity of



	
	
	Man.



	
	
	T. H. Huxley: Man’s Place in



	
	
	Nature.



	1864
	
	Spencer: Principles of Biology.



	1865
	
	Gregor Mendel: ‘Experiments



	
	
	on Plant Hybridization’.



	
	
	Tolstoy: War and Peace



	
	
	(to 1869).



	1867
	
	Marx: Das Kapital (vol. 1).



	1868
	Variation of Animals and Plants.
	Collins: The Moonstone.



	1869
	
	Francis Galton (Darwin’s



	
	
	cousin): Hereditary Genius.



	
	
	Trollope: Phineas Finn.



	
	
	J. S. Mill: The Subjection of



	
	
	Women.



	
	
	Arnold: Culture and Anarchy.



	1870
	
	Alfred Russel Wallace:



	
	
	Contributions to the Theory of



	
	
	Natural Selection.



	
	
	Death of Dickens.



	1871
	Descent of Man.
	George Eliot: Middlemarch



	
	
	(to 1872).



	1872
	Expression of the Emotions.
	



	1874
	
	Hardy: Far from the Madding



	
	
	Crowd.



	1875
	Insectivorous Plants.
	Tolstoy: Anna Karenina



	
	
	(to 1878).



	
	
	Trollope: The Way We Live



	
	
	Now.



	1876
	Effects of Cross- and Self- fertilization.
	Alfred Russel Wallace:



	
	
	Geographical Distribution of



	
	
	Animals.



	
	
	George Eliot: Daniel Deronda.
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HISTORICAL EVENTS

Garibaldi and ‘The Thousand’ conquer Sicily. Death of Prince Albert. Victor Emmanuel becomes first king of a united Italy. Emancipation of the serfs in Russia. American Civil War (to 1865). Maxwell’s theory of electromagnetism.

Pasteur publishes theory of germs causing disease. First Women’s Suffrage Committee formed in Manchester.

Second Reform Bill brought in by Disraeli. First antiseptic operation performed by Joseph Lister.

First annual Trades Union Congress held in Manchester. Gladstone becomes Prime Minister (December).

Suez Canal opened. Emily Davies founds a women’s college at Hitchin, which moves to Girton, Cambridge in 1872.

Married Women’s Property Act. Education Act. Civil service in England thrown open to competitive examination. Franco-Prussian War (to 1871).

Bismarck becomes Chancellor of German Empire. Abolition of religious Tests in the Universities.

Vote by secret ballot at Parliamentary elections imposed by law. Disraeli becomes Prime Minister. Remington typewriter.

Queen assumes title of Empress of India. Bell patents telephone.





	DATE
	AUTHOR’S LIFE
	LITERARY CONTEXT



	1877
	Forms of Flowers.
	Mallock: The New Republic.



	
	Honorary degree from Cambridge.
	



	1878
	
	Hardy: The Return of the Native.



	
	
	James: Daisy Miller.



	1879
	
	Ernst Haeckel: Evolution of



	
	
	Man.



	
	
	Spencer: Principles of Ethics



	
	
	(to 1893).



	
	
	Meredith: The Egoist.



	1880
	Power of Movement in Plants.
	



	1881
	Formation of Vegetable Mould
	James: The Portrait of a Lady.



	
	(Worm book).
	



	1882
	Death of Darwin at Down House. Buried in Westminster Abbey following campaign led by Huxley (19 April).
	



	1889
	
	Alfred Russel Wallace:



	
	
	Darwinism.



	
	
	Francis Galton: Natural



	
	
	Inheritance.
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HISTORICAL EVENTS

Russo-Turkish War (to 1878).

Congress of Berlin settles Eastern Question.

Zulu War. First women students at Oxford (Lady Margaret Hall, Somerville College).

Gladstone again Prime Minister. Parnell demands Home Rule for Ireland.
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