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PART ONE | EVOLUTION





INTRODUCTION 

When on board H.M.S. Beagle, as naturalist, I was much 
struck with certain facts in the distribution of the organic 
beings inhabiting South America, and in the geological 
relations of the present to the past inhabitants of that 
continent. These facts, as will be seen in the latter 
chapters of this volume, seemed to throw some light on 
the origin of species—that mystery of mysteries, as it has 
been called by one of our greatest philosophers. On my 
return home, it occurred to me, in 1837, that something 
might perhaps be made out on this question by patiently 
accumulating and reflecting on all sorts of facts which 
could possibly have any bearing on it. After five years' 
work I allowed myself to speculate on the subject, and 
drew up some short notes; these I enlarged in 1844 into a 
sketch of the conclusions, which then seemed to me 
probable: from that period to the present day I have 
steadily pursued the same object. I hope that I may be 
excused for entering on these personal details, as I give 
them to show that I have not been hasty in coming to a 
decision. 

My work is now (1859) nearly finished; but as it will take 
me many more years to complete it, and as my health is 
far from strong, I have been urged to publish this 
abstract. I have more especially been induced to do this, 
as Mr. Wallace, who is now studying the natural history of 
the Malay Archipelago, has arrived at almost exactly the 
same general conclusions that I have on the origin of 
species. In 1858 he sent me a memoir on this subject, with 
a request that I would forward it to Sir Charles Lyell, who 
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sent it to the Linnean Society, and it is published in the 
third volume of the Journal of that Society. Sir C. Lyell 
and Dr. Hooker, who both knew of my work—the latter 
having read my sketch of 1844—honoured me by 
thinking it advisable to publish, with Mr. Wallace's 
excellent memoir, some brief extracts from my 
manuscripts. 

This abstract, which I now publish, must necessarily be 
imperfect. I cannot here give references and authorities 
for my several statements; and I must trust to the reader 
reposing some confidence in my accuracy. No doubt 
errors may have crept in, though I hope I have always 
been cautious in trusting to good authorities alone. I can 
here give only the general conclusions at which I have 
arrived, with a few facts in illustration, but which, I hope, 
in most cases will suffice. No one can feel more sensible 
than I do of the necessity of hereafter publishing in detail 
all the facts, with references, on which my conclusions 
have been grounded; and I hope in a future work to do 
this. For I am well aware that scarcely a single point is 
discussed in this volume on which facts cannot be 
adduced, often apparently leading to conclusions directly 
opposite to those at which I have arrived. A fair result can 
be obtained only by fully stating and balancing the facts 
and arguments on both sides of each question; and this is 
here impossible. 

I much regret that want of space prevents my having the 
satisfaction of acknowledging the generous assistance 
which I have received from very many naturalists, some 
of them personally unknown to me. I cannot, however, let 
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this opportunity pass without expressing my deep 
obligations to Dr. Hooker, who, for the last fifteen years, 
has aided me in every possible way by his large stores of 
knowledge and his excellent judgment. 

In considering the origin of species, it is quite conceivable 
that a naturalist, reflecting on the mutual affinities of 
organic beings, on their embryological relations, their 
geographical distribution, geological succession, and other 
such facts, might come to the conclusion that species had 
not been independently created, but had descended, like 
varieties, from other species. Nevertheless, such a 
conclusion, even if well founded, would be unsatisfactory, 
until it could be shown how the innumerable species, 
inhabiting this world have been modified, so as to acquire 
that perfection of structure and coadaptation which justly 
excites our admiration. Naturalists continually refer to 
external conditions, such as climate, food, etc., as the only 
possible cause of variation. In one limited sense, as we 
shall hereafter see, this may be true; but it is preposterous 
to attribute to mere external conditions, the structure, for 
instance, of the woodpecker, with its feet, tail, beak, and 
tongue, so admirably adapted to catch insects under the 
bark of trees. In the case of the mistletoe, which draws its 
nourishment from certain trees, which has seeds that must 
be transported by certain birds, and which has flowers 
with separate sexes absolutely requiring the agency of 
certain insects to bring pollen from one flower to the 
other, it is equally preposterous to account for the 
structure of this parasite, with its relations to several 
distinct organic beings, by the effects of external 
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conditions, or of habit, or of the volition of the plant 
itself. 

It is, therefore, of the highest importance to gain a clear 
insight into the means of modification and coadaptation. 
At the commencement of my observations it seemed to 
me probable that a careful study of domesticated animals 
and of cultivated plants would offer the best chance of 
making out this obscure problem. Nor have I been 
disappointed; in this and in all other perplexing cases I 
have invariably found that our knowledge, imperfect 
though it be, of variation under domestication, afforded 
the best and safest clue. I may venture to express my 
conviction of the high value of such studies, although they 
have been very commonly neglected by naturalists. 

From these considerations, I shall devote the first chapter 
of this abstract to variation under domestication. We shall 
thus see that a large amount of hereditary modification is 
at least possible; and, what is equally or more important, 
we shall see how great is the power of man in 
accumulating by his selection successive slight variations. I 
will then pass on to the variability of species in a state of 
nature; but I shall, unfortunately, be compelled to treat 
this subject far too briefly, as it can be treated properly 
only by giving long catalogues of facts. We shall, however, 
be enabled to discuss what circumstances are most 
favourable to variation. In the next chapter the struggle 
for existence among all organic beings throughout the 
world, which inevitably follows from the high geometrical 
ratio of their increase, will be considered. This is the 
doctrine of Malthus, applied to the whole animal and 
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vegetable kingdoms. As many more individuals of each 
species are born than can possibly survive; and as, 
consequently, there is a frequently recurring struggle for 
existence, it follows that any being, if it vary however 
slightly in any manner profitable to itself, under the 
complex and sometimes varying conditions of life, will 
have a better chance of surviving, and thus be 
NATURALLY SELECTED. From the strong principle 
of inheritance, any selected variety will tend to propagate 
its new and modified form. 

This fundamental subject of natural selection will be 
treated at some length in the fourth chapter; and we shall 
then see how natural selection almost inevitably causes 
much extinction of the less improved forms of life, and 
leads to what I have called divergence of character. In the 
next chapter I shall discuss the complex and little known 
laws of variation. In the five succeeding chapters, the 
most apparent and gravest difficulties in accepting the 
theory will be given: namely, first, the difficulties of 
transitions, or how a simple being or a simple organ can 
be changed and perfected into a highly developed being 
or into an elaborately constructed organ; secondly the 
subject of instinct, or the mental powers of animals; 
thirdly, hybridism, or the infertility of species and the 
fertility of varieties when intercrossed; and fourthly, the 
imperfection of the geological record. In the next chapter 
I shall consider the geological succession of organic 
beings throughout time; in the twelfth and thirteenth, 
their geographical distribution throughout space; in the 
fourteenth, their classification or mutual affinities, both 
when mature and in an embryonic condition. In the last 
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chapter I shall give a brief recapitulation of the whole 
work, and a few concluding remarks. 

No one ought to feel surprise at much remaining as yet 
unexplained in regard to the origin of species and 
varieties, if he make due allowance for our profound 
ignorance in regard to the mutual relations of the many 
beings which live around us. Who can explain why one 
species ranges widely and is very numerous, and why 
another allied species has a narrow range and is rare? Yet 
these relations are of the highest importance, for they 
determine the present welfare and, as I believe, the future 
success and modification of every inhabitant of this 
world. Still less do we know of the mutual relations of the 
innumerable inhabitants of the world during the many 
past geological epochs in its history. Although much 
remains obscure, and will long remain obscure, I can 
entertain no doubt, after the most deliberate study and 
dispassionate judgment of which I am capable, that the 
view which most naturalists until recently entertained, and 
which I formerly entertained—namely, that each species 
has been independently created—is erroneous. I am fully 
convinced that species are not immutable; but that those 
belonging to what are called the same genera are lineal 
descendants of some other and generally extinct species, 
in the same manner as the acknowledged varieties of any 
one species are the descendants of that species. 
Furthermore, I am convinced that natural selection has 
been the most important, but not the exclusive, means of 
modification. 
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THE STRUGGLE FOR EXISTENCE 

Before entering on the subject of this chapter I must 
make a few preliminary remarks to show how the struggle 
for existence bears on natural selection. It has been seen 
in the last chapter that among organic beings in a state of 
nature there is some individual variability: indeed I am not 
aware that this has ever been disputed. It is immaterial for 
us whether a multitude of doubtful forms be called 
species or sub-species or varieties; what rank, for instance, 
the two or three hundred doubtful forms of British plants 
are entitled to hold, if the existence of any well-marked 
varieties be admitted. But the mere existence of individual 
variability and of some few well-marked varieties, though 
necessary as the foundation for the work, helps us but 
little in understanding how species arise in nature. How 
have all those exquisite adaptations of one part of the 
organisation to another part, and to the conditions of life 
and of one organic being to another being, been 
perfected? We see these beautiful co-adaptations most 
plainly in the woodpecker and the mistletoe; and only a 
little less plainly in the humblest parasite which clings to 
the hairs of a quadruped or feathers of a bird; in the 
structure of the beetle which dives through the water; in 
the plumed seed which is wafted by the gentlest breeze; in 
short, we see beautiful adaptations everywhere and in 
every part of the organic world. 

Again, it may be asked, how is it that varieties, which I 
have called incipient species, become ultimately converted 
into good and distinct species, which in most cases 
obviously differ from each other far more than do the 
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varieties of the same species? How do those groups of 
species, which constitute what are called distinct genera 
and which differ from each other more than do the 
species of the same genus, arise? All these results, as we 
shall more fully see in the next chapter, follow from the 
struggle for life. Owing to this struggle, variations, 
however slight and from whatever cause proceeding, if 
they be in any degree profitable to the individuals of a 
species, in their infinitely complex relations to other 
organic beings and to their physical conditions of life, will 
tend to the preservation of such individuals, and will 
generally be inherited by the offspring. The offspring, 
also, will thus have a better chance of surviving, for, of 
the many individuals of any species which are periodically 
born, but a small number can survive. I have called this 
principle, by which each slight variation, if useful, is 
preserved, by the term natural selection, in order to mark 
its relation to man's power of selection. But the 
expression often used by Mr. Herbert Spencer, of the 
Survival of the Fittest, is more accurate, and is sometimes 
equally convenient. We have seen that man by selection 
can certainly produce great results, and can adapt organic 
beings to his own uses, through the accumulation of slight 
but useful variations, given to him by the hand of Nature. 
But Natural Selection, we shall hereafter see, is a power 
incessantly ready for action, and is as immeasurably 
superior to man's feeble efforts, as the works of Nature 
are to those of Art. 

We will now discuss in a little more detail the struggle for 
existence. In my future work this subject will be treated, 
as it well deserves, at greater length. The elder De 
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Candolle and Lyell have largely and philosophically shown 
that all organic beings are exposed to severe competition. 
In regard to plants, no one has treated this subject with 
more spirit and ability than W. Herbert, Dean of 
Manchester, evidently the result of his great horticultural 
knowledge. Nothing is easier than to admit in words the 
truth of the universal struggle for life, or more difficult—
at least I found it so—than constantly to bear this 
conclusion in mind. Yet unless it be thoroughly engrained 
in the mind, the whole economy of nature, with every fact 
on distribution, rarity, abundance, extinction, and 
variation, will be dimly seen or quite misunderstood. We 
behold the face of nature bright with gladness, we often 
see superabundance of food; we do not see or we forget 
that the birds which are idly singing round us mostly live 
on insects or seeds, and are thus constantly destroying life; 
or we forget how largely these songsters, or their eggs, or 
their nestlings, are destroyed by birds and beasts of prey; 
we do not always bear in mind, that, though food may be 
now superabundant, it is not so at all seasons of each 
recurring year. 

THE TERM, STRUGGLE FOR EXISTENCE, USED IN A 

LARGE SENSE. 

I should premise that I use this term 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 
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struggle for life against the drought, though more properly 
it should be said to be dependent on the moisture. A plant 
which annually produces a thousand seeds, of which only 
one of an average comes to maturity, may be more truly 
said to struggle with the plants of the same and other 
kinds which already clothe the ground. The mistletoe is 
dependent on the apple and a few other trees, but can 
only in a far-fetched sense be said to struggle with these 
trees, for, if too many of these parasites grow on the same 
tree, it languishes and dies. But several seedling mistletoes, 
growing close together on the same branch, may more 
truly be said to struggle with each other. As the mistletoe 
is disseminated by birds, its existence depends on them; 
and it may metaphorically be said to struggle with other 
fruit-bearing plants, in tempting the birds to devour and 
thus disseminate its seeds. In these several senses, which 
pass into each other, I use for convenience sake the 
general term of Struggle for Existence. 

GEOMETRICAL RATIO OF INCREASE. 

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

There is no exception to the rule that every organic being 
naturally increases at so high a rate, that, if not destroyed, 
the earth would soon be covered by the progeny of a 
single pair. Even slow-breeding man has doubled in 
twenty-five years, and at this rate, in less than a thousand 
years, there would literally not be standing room for his 
progeny. Linnaeus has calculated that if an annual plant 
produced only two seeds—and there is no plant so 
unproductive as this—and their seedlings next year 
produced two, and so on, then in twenty years there 
would be a million plants. The elephant is reckoned the 
slowest breeder of all known animals, and I have taken 
some pains to estimate its probable minimum rate of 
natural increase; it will be safest to assume that it begins 
breeding when thirty years old, and goes on breeding till 
ninety years old, bringing forth six young in the interval, 
and surviving till one hundred years old; if this be so, after 
a period of from 740 to 750 years there would be nearly 
nineteen million elephants alive descended from the first 
pair. 

But we have better evidence on this subject than mere 
theoretical calculations, namely, the numerous recorded 
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cases of the astonishingly rapid increase of various 
animals in a state of nature, when circumstances have 
been favourable to them during two or three following 
seasons. Still more striking is the evidence from our 
domestic animals of many kinds which have run wild in 
several parts of the world; if the statements of the rate of 
increase of slow-breeding cattle and horses in South 
America, and latterly in Australia, had not been well 
authenticated, they would have been incredible. So it is 
with plants; cases could be given of introduced plants 
which have become common throughout whole islands in 
a period of less than ten years. Several of the plants, such 
as the cardoon and a tall thistle, which are now the 
commonest over the wide plains of La Plata, clothing 
square leagues of surface almost to the exclusion of every 
other plant, have been introduced from Europe; and there 
are plants which now range in India, as I hear from Dr. 
Falconer, from Cape Comorin to the Himalaya, which 
have been imported from America since its discovery. In 
such cases, and endless others could be given, no one 
supposes that the fertility of the animals or plants has 
been suddenly and temporarily increased in any sensible 
degree. The obvious explanation is that the conditions of 
life have been highly favourable, and that there has 
consequently been less destruction of the old and young 
and that nearly all the young have been enabled to breed. 
Their geometrical ratio of increase, the result of which 
never fails to be surprising, simply explains their 
extraordinarily rapid increase and wide diffusion in their 
new homes. 



DARWIN 101 
	

 

	
13 

In a state of nature almost every full-grown plant annually 
produces seed, and among animals there are very few 
which do not annually pair. Hence we may confidently 
assert that all plants and animals are tending to increase at 
a geometrical ratio—that all would rapidly stock every 
station in which they could any how exist, and that this 
geometrical tendency to increase must be checked by 
destruction at some period of life. Our familiarity with the 
larger domestic animals tends, I think, to mislead us; we 
see no great destruction falling on them, and we do not 
keep in mind that thousands are annually slaughtered for 
food, and that in a state of nature an equal number would 
have somehow to be disposed of. 

The only difference between organisms which annually 
produce eggs or seeds by the thousand, and those which 
produce extremely few, is, that the slow breeders would 
require a few more years to people, under favourable 
conditions, a whole district, let it be ever so large. The 
condor lays a couple of eggs and the ostrich a score, and 
yet in the same country the condor may be the more 
numerous of the two. The Fulmar petrel lays but one egg, 
yet it is believed to be the most numerous bird in the 
world. One fly deposits hundreds of eggs, and another, 
like the hippobosca, a single one. But this difference does 
not determine how many individuals of the two species 
can be supported in a district. A large number of eggs is 
of some importance to those species which depend on a 
fluctuating amount of food, for it allows them rapidly to 
increase in number. But the real importance of a large 
number of eggs or seeds is to make up for much 
destruction at some period of life; and this period in the 
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great majority of cases is an early one. If an animal can in 
any way protect its own eggs or young, a small number 
may be produced, and yet the average stock be fully kept 
up; but if many eggs or young are destroyed, many must 
be produced or the species will become extinct. It would 
suffice to keep up the full number of a tree, which lived 
on an average for a thousand years, if a single seed were 
produced once in a thousand years, supposing that this 
seed were never destroyed and could be ensured to 
germinate in a fitting place; so that, in all cases, the 
average number of any animal or plant depends only 
indirectly on the number of its eggs or seeds. 

In looking at Nature, it is most necessary to keep the 
foregoing considerations always in mind—never to forget 
that every single organic being may be said to be striving 
to the utmost to increase in numbers; that each lives by a 
struggle at some period of its life; that heavy destruction 
inevitably falls either on the young or old during each 
generation or at recurrent intervals. Lighten any check, 
mitigate the destruction ever so little, and the number of 
the species will almost instantaneously increase to any 
amount. 

NATURE OF THE CHECKS TO INCREASE. 

The causes which check the natural tendency of each 
species to increase are most obscure. Look at the most 
vigorous species; by as much as it swarms in numbers, by 
so much will it tend to increase still further. We know not 
exactly what the checks are even in a single instance. Nor 
will this surprise any one who reflects how ignorant we 
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are on this head, even in regard to mankind, although so 
incomparably better known than any other animal. This 
subject of the checks to increase has been ably treated by 
several authors, and I hope in a future work to discuss it 
at considerable length, more especially in regard to the 
feral animals of South America. Here I will make only a 
few remarks, just to recall to the reader's mind some of 
the chief points. Eggs or very young animals seem 
generally to suffer most, but this is not invariably the case. 
With plants there is a vast destruction of seeds, but from 
some observations which I have made it appears that the 
seedlings suffer most from germinating in ground already 
thickly stocked with other plants. Seedlings, also, are 
destroyed in vast numbers by various enemies; for 
instance, on a piece of ground three feet long and two 
wide, dug and cleared, and where there could be no 
choking from other plants, I marked all the seedlings of 
our native weeds as they came up, and out of 357 no less 
than 295 were destroyed, chiefly by slugs and insects. If 
turf which has long been mown, and the case would be 
the same with turf closely browsed by quadrupeds, be let 
to grow, the more vigorous plants gradually kill the less 
vigorous, though fully grown plants; thus out of twenty 
species grown on a little plot of mown turf (three feet by 
four) nine species perished, from the other species being 
allowed to grow up freely. 

The amount of food for each species, of course, gives the 
extreme limit to which each can increase; but very 
frequently it is not the obtaining food, but the serving as 
prey to other animals, which determines the average 
number of a species. Thus, there seems to be little doubt 
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that the stock of partridges, grouse, and hares on any large 
estate depends chiefly on the destruction of vermin. If not 
one head of game were shot during the next twenty years 
in England, and, at the same time, if no vermin were 
destroyed, there would, in all probability, be less game 
than at present, although hundreds of thousands of game 
animals are now annually shot. On the other hand, in 
some cases, as with the elephant, none are destroyed by 
beasts of prey; for even the tiger in India most rarely dares 
to attack a young elephant protected by its dam. 

Climate plays an important part in determining the 
average numbers of a species, and periodical seasons of 
extreme cold or drought seem to be the most effective of 
all checks. I estimated (chiefly from the greatly reduced 
numbers of nests in the spring) that the winter of 1854-5 
destroyed four-fifths of the birds in my own grounds; and 
this is a tremendous destruction, when we remember that 
ten per cent. is an extraordinarily severe mortality from 
epidemics with man. The action of climate seems at first 
sight to be quite independent of the struggle for existence; 
but in so far as climate chiefly acts in reducing food, it 
brings on the most severe struggle between the 
individuals, whether of the same or of distinct species, 
which subsist on the same kind of food. Even when 
climate, for instance, extreme cold, acts directly, it will be 
the least vigorous individuals, or those which have got 
least food through the advancing winter, which will suffer 
the most. When we travel from south to north, or from a 
damp region to a dry, we invariably see some species 
gradually getting rarer and rarer, and finally disappearing; 
and the change of climate being conspicuous, we are 
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tempted to attribute the whole effect to its direct action. 
But this is a false view; we forget that each species, even 
where it most abounds, is constantly suffering enormous 
destruction at some period of its life, from enemies or 
from competitors for the same place and food; and if 
these enemies or competitors be in the least degree 
favoured by any slight change of climate, they will 
increase in numbers; and as each area is already fully 
stocked with inhabitants, the other species must decrease. 
When we travel southward and see a species decreasing in 
numbers, we may feel sure that the cause lies quite as 
much in other species being favoured, as in this one being 
hurt. So it is when we travel northward, but in a 
somewhat lesser degree, for the number of species of all 
kinds, and therefore of competitors, decreases northward; 
hence in going northward, or in ascending a mountain, we 
far oftener meet with stunted forms, due to the 
DIRECTLY injurious action of climate, than we do in 
proceeding southward or in descending a mountain. 
When we reach the Arctic regions, or snow-capped 
summits, or absolute deserts, the struggle for life is almost 
exclusively with the elements. 

That climate acts in main part indirectly by favouring 
other species we clearly see in the prodigious number of 
plants which in our gardens can perfectly well endure our 
climate, but which never become naturalised, for they 
cannot compete with our native plants nor resist 
destruction by our native animals. 

When a species, owing to highly favourable 
circumstances, increases inordinately in numbers in a 
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small tract, epidemics—at least, this seems generally to 
occur with our game animals—often ensue; and here we 
have a limiting check independent of the struggle for life. 
But even some of these so-called epidemics appear to be 
due to parasitic worms, which have from some cause, 
possibly in part through facility of diffusion among the 
crowded animals, been disproportionally favoured: and 
here comes in a sort of struggle between the parasite and 
its prey. 

On the other hand, in many cases, a large stock of 
individuals of the same species, relatively to the numbers 
of its enemies, is absolutely necessary for its preservation. 
Thus we can easily raise plenty of corn and rape-seed, etc., 
in our fields, because the seeds are in great excess 
compared with the number of birds which feed on them; 
nor can the birds, though having a superabundance of 
food at this one season, increase in number proportionally 
to the supply of seed, as their numbers are checked during 
the winter; but any one who has tried knows how 
troublesome it is to get seed from a few wheat or other 
such plants in a garden; I have in this case lost every single 
seed. This view of the necessity of a large stock of the 
same species for its preservation, explains, I believe, some 
singular facts in nature such as that of very rare plants 
being sometimes extremely abundant, in the few spots 
where they do exist; and that of some social plants being 
social, that is abounding in individuals, even on the 
extreme verge of their range. For in such cases, we may 
believe, that a plant could exist only where the conditions 
of its life were so favourable that many could exist 
together, and thus save the species from utter destruction. 
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I should add that the good effects of intercrossing, and 
the ill effects of close interbreeding, no doubt come into 
play in many of these cases; but I will not here enlarge on 
this subject. 

COMPLEX RELATIONS OF ALL ANIMALS AND PLANTS TO 

EACH OTHER IN THE STRUGGLE FOR EXISTENCE. 

Many cases are on record showing how complex and 
unexpected are the checks and relations between organic 
beings, which have to struggle together in the same 
country. I will give only a single instance, which, though a 
simple one, interested me. In Staffordshire, on the estate 
of a relation, where I had ample means of investigation, 
there was a large and extremely barren heath, which had 
never been touched by the hand of man; but several 
hundred acres of exactly the same nature had been 
enclosed twenty-five years previously and planted with 
Scotch fir. The change in the native vegetation of the 
planted part of the heath was most remarkable, more than 
is generally seen in passing from one quite different soil to 
another: not only the proportional numbers of the heath-
plants were wholly changed, but twelve species of plants 
(not counting grasses and carices) flourished in the 
plantations, which could not be found on the heath. The 
effect on the insects must have been still greater, for six 
insectivorous birds were very common in the plantations, 
which were not to be seen on the heath; and the heath 
was frequented by two or three distinct insectivorous 
birds. Here we see how potent has been the effect of the 
introduction of a single tree, nothing whatever else having 
been done, with the exception of the land having been 
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enclosed, so that cattle could not enter. But how 
important an element enclosure is, I plainly saw near 
Farnham, in Surrey. Here there are extensive heaths, with 
a few clumps of old Scotch firs on the distant hill-tops: 
within the last ten years large spaces have been enclosed, 
and self-sown firs are now springing up in multitudes, so 
close together that all cannot live. When I ascertained that 
these young trees had not been sown or planted I was so 
much surprised at their numbers that I went to several 
points of view, whence I could examine hundreds of acres 
of the unenclosed heath, and literally I could not see a 
single Scotch fir, except the old planted clumps. But on 
looking closely between the stems of the heath, I found a 
multitude of seedlings and little trees, which had been 
perpetually browsed down by the cattle. In one square 
yard, at a point some hundred yards distant from one of 
the old clumps, I counted thirty-two little trees; and one 
of them, with twenty-six rings of growth, had, during 
many years tried to raise its head above the stems of the 
heath, and had failed. No wonder that, as soon as the land 
was enclosed, it became thickly clothed with vigorously 
growing young firs. Yet the heath was so extremely barren 
and so extensive that no one would ever have imagined 
that cattle would have so closely and effectually searched 
it for food. 

Here we see that cattle absolutely determine the existence 
of the Scotch fir; but in several parts of the world insects 
determine the existence of cattle. Perhaps Paraguay offers 
the most curious instance of this; for here neither cattle 
nor horses nor dogs have ever run wild, though they 
swarm southward and northward in a feral state; and 
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Azara and Rengger have shown that this is caused by the 
greater number in Paraguay of a certain fly, which lays its 
eggs in the navels of these animals when first born. The 
increase of these flies, numerous as they are, must be 
habitually checked by some means, probably by other 
parasitic insects. Hence, if certain insectivorous birds were 
to decrease in Paraguay, the parasitic insects would 
probably increase; and this would lessen the number of 
the navel-frequenting flies—then cattle and horses would 
become feral, and this would certainly greatly alter (as 
indeed I have observed in parts of South America) the 
vegetation: this again would largely affect the insects; and 
this, as we have just seen in Staffordshire, the 
insectivorous birds, and so onwards in ever-increasing 
circles of complexity. Not that under nature the relations 
will ever be as simple as this. Battle within battle must be 
continually recurring with varying success; and yet in the 
long-run the forces are so nicely balanced that the face of 
nature remains for long periods of time uniform, though 
assuredly the merest trifle would give the victory to one 
organic being over another. Nevertheless, so profound is 
our ignorance, and so high our presumption, that we 
marvel when we hear of the extinction of an organic 
being; and as we do not see the cause, we invoke 
cataclysms to desolate the world, or invent laws on the 
duration of the forms of life! 

I am tempted to give one more instance showing how 
plants and animals, remote in the scale of nature, are 
bound together by a web of complex relations. I shall 
hereafter have occasion to show that the exotic Lobelia 
fulgens is never visited in my garden by insects, and 
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consequently, from its peculiar structure, never sets a 
seed. Nearly all our orchidaceous plants absolutely require 
the visits of insects to remove their pollen-masses and 
thus to fertilise them. I find from experiments that 
humble-bees are almost indispensable to the fertilisation 
of the heartsease (Viola tricolor), for other bees do not 
visit this flower. I have also found that the visits of bees 
are necessary for the fertilisation of some kinds of clover; 
for instance twenty heads of Dutch clover (Trifolium 
repens) yielded 2,290 seeds, but twenty other heads, 
protected from bees, produced not one. Again, 100 heads 
of red clover (T. pratense) produced 2,700 seeds, but the 
same number of protected heads produced not a single 
seed. Humble bees alone visit red clover, as other bees 
cannot reach the nectar. It has been suggested that moths 
may fertilise the clovers; but I doubt whether they could 
do so in the case of the red clover, from their weight not 
being sufficient to depress the wing petals. Hence we may 
infer as highly probable that, if the whole genus of 
humble-bees became extinct or very rare in England, the 
heartsease and red clover would become very rare, or 
wholly disappear. The number of humble-bees in any 
district depends in a great measure upon the number of 
field-mice, which destroy their combs and nests; and 
Colonel Newman, who has long attended to the habits of 
humble-bees, believes that "more than two-thirds of them 
are thus destroyed all over England." Now the number of 
mice is largely dependent, as every one knows, on the 
number of cats; and Colonel Newman says, "Near villages 
and small towns I have found the nests of humble-bees 
more numerous than elsewhere, which I attribute to the 
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number of cats that destroy the mice." Hence it is quite 
credible that the presence of a feline animal in large 
numbers in a district might determine, through the 
intervention first of mice and then of bees, the frequency 
of certain flowers in that district! 

In the case of every species, many different checks, acting 
at different periods of life, and during different seasons or 
years, probably come into play; some one check or some 
few being generally the most potent, but all will concur in 
determining the average number, or even the existence of 
the species. In some cases it can be shown that widely-
different checks act on the same species in different 
districts. 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 
ancient Indian ruins in the Southern United States, which 
must formerly have been cleared of trees, now display the 
same beautiful diversity and proportion of kinds as in the 
surrounding virgin forests. What a struggle must have 
gone on during long centuries between the several kinds 
of trees, 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, all feeding on each other, or 
on the trees, 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 fall to the ground according to definite laws; but 
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how simple is the problem where each shall fall compared 
to that of 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! 

The dependency of one organic being on another, as of a 
parasite on its prey, lies generally between beings remote 
in the scale of nature. This is likewise sometimes the case 
with those which may strictly be said to struggle with each 
other for existence, as in the case of locusts and grass-
feeding quadrupeds. But the struggle will almost invariably 
be most severe between the individuals of the same 
species, for they frequent the same districts, require the 
same food, and are exposed to the same dangers. In the 
case of varieties of the same species, the struggle will 
generally be almost equally severe, and we sometimes see 
the contest soon decided: for instance, if several varieties 
of wheat be sown together, and the mixed seed be 
resown, some of the varieties which best suit the soil or 
climate, or are naturally the most fertile, will beat the 
others and so yield more seed, and will consequently in a 
few years supplant the other varieties. To keep up a mixed 
stock of even such extremely close varieties as the 
variously coloured sweet-peas, they must be each year 
harvested separately, and the seed then mixed in due 
proportion, otherwise the weaker kinds will steadily 
decrease in number and disappear. So again with the 
varieties of sheep: it has been asserted that certain 
mountain-varieties will starve out other mountain-
varieties, so that they cannot be kept together. The same 
result has followed from keeping together different 



DARWIN 101 

25 

varieties of the medicinal leech. It may even be doubted 
whether the varieties of any of our domestic plants or 
animals have so exactly the same strength, habits, and 
constitution, that the original proportions of a mixed 
stock (crossing being prevented) could be kept up for 
half-a-dozen generations, if they were allowed to struggle 
together, in the same manner as beings in a state of 
nature, and if the seed or young were not annually 
preserved in due proportion. 

STRUGGLE FOR LIFE MOST SEVERE BETWEEN 

INDIVIDUALS AND VARIETIES OF THE SAME SPECIES. 

As the species of the same genus usually have, though by 
no means invariably, much similarity in habits and 
constitution, and always in structure, the struggle will 
generally be more severe between them, if they come into 
competition with each other, than between the species of 
distinct genera. We see this in the recent extension over 
parts of the United States of one species of swallow 
having caused the decrease of another species. The recent 
increase of the missel-thrush in parts of Scotland has 
caused the decrease of the song-thrush. How frequently 
we hear of one species of rat taking the place of another 
species under the most different climates! In Russia the 
small Asiatic cockroach has everywhere driven before it 
its great congener. In Australia the imported hive-bee is 
rapidly exterminating the small, stingless native bee. One 
species of charlock has been known to supplant another 
species; and so in other cases. We can dimly see why the 
competition should be most severe between allied forms, 
which fill nearly the same place in the economy of nature; 
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but probably in no one case could we precisely say why 
one species has been victorious over another in the great 
battle of life. 

A corollary of the highest importance may be deduced 
from the foregoing remarks, namely, that the structure of 
every organic being is related, in the most essential yet 
often hidden manner, to that of all other organic beings, 
with which it comes into competition for food or 
residence, or from which it has to escape, or on which it 
preys. This is obvious in the structure of the teeth and 
talons of the tiger; and in that of the legs and claws of the 
parasite which clings to the hair on the tiger's body. But in 
the beautifully plumed seed of the dandelion, and in the 
flattened and fringed legs of the water-beetle, the relation 
seems at first confined to the elements of air and water. 
Yet the advantage of the plumed seeds no doubt stands in 
the closest relation to the land being already thickly 
clothed with other plants; so that the seeds may be widely 
distributed and fall on unoccupied ground. In the water-
beetle, the structure of its legs, so well adapted for diving, 
allows it to compete with other aquatic insects, to hunt 
for its own prey, and to escape serving as prey to other 
animals. 

The store of nutriment laid up within the seeds of many 
plants seems at first sight to have no sort of relation to 
other plants. But from the strong growth of young plants 
produced from such seeds, as peas and beans, when sown 
in the midst of long grass, it may be suspected that the 
chief use of the nutriment in the seed is to favour the 
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growth of the seedlings, whilst struggling with other 
plants growing vigorously all around. 

Look at a plant in the midst of its range! Why does it not 
double or quadruple its numbers? We know that it can 
perfectly well withstand a little more heat or cold, 
dampness or dryness, for elsewhere it ranges into slightly 
hotter or colder, damper or drier districts. In this case we 
can clearly see that if we wish in imagination to give the 
plant the power of increasing in numbers, we should have 
to give it some advantage over its competitors, or over the 
animals which prey on it. On the confines of its 
geographical range, a change of constitution with respect 
to climate would clearly be an advantage to our plant; but 
we have reason to believe that only a few plants or 
animals range so far, that they are destroyed exclusively by 
the rigour of the climate. Not until we reach the extreme 
confines of life, in the Arctic regions or on the borders of 
an utter desert, will competition cease. The land may be 
extremely cold or dry, yet there will be competition 
between some few species, or between the individuals of 
the same species, for the warmest or dampest spots. 

Hence we can see that when a plant or animal is placed in 
a new country, among new competitors, the conditions of 
its life will generally be changed in an essential manner, 
although the climate may be exactly the same as in its 
former home. If its average numbers are to increase in its 
new home, we should have to modify it in a different way 
to what we should have had to do in its native country; 
for we should have to give it some advantage over a 
different set of competitors or enemies. 
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It is good thus to try in imagination to give any one 
species an advantage over another. Probably in no single 
instance should we know what to do. This ought to 
convince us of our ignorance on the mutual relations of 
all organic beings; a conviction as necessary, as it is 
difficult to acquire. All that we can do is to keep steadily 
in mind that each organic being is striving to increase in a 
geometrical ratio; that each, at some period of its life, 
during some season of the year, during each generation, 
or at intervals, has to struggle for life and to suffer great 
destruction. When we reflect on this struggle we may 
console ourselves with the full belief that the war of 
nature is not incessant, that no fear is felt, that death is 
generally prompt, and that the vigorous, the healthy, and 
the happy survive and multiply. 
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NATURAL SELECTION 

How will the struggle for existence, briefly discussed in 
the last chapter, act in regard to variation? Can the 
principle of selection, which we have seen is so potent in 
the hands of man, apply under nature? I think we shall see 
that it can act most efficiently. Let the endless number of 
slight variations and individual differences occurring in 
our domestic productions, and, in a lesser degree, in those 
under nature, be borne in mind; as well as the strength of 
the hereditary tendency. Under domestication, it may truly 
be said that the whole organisation becomes in some 
degree plastic. But the variability, which we almost 
universally meet with in our domestic productions is not 
directly produced, as Hooker and Asa Gray have well 
remarked, by man; he can neither originate varieties nor 
prevent their occurrence; he can only preserve and 
accumulate such as do occur. Unintentionally he exposes 
organic beings to new and changing conditions of life, and 
variability ensues; but similar changes of conditions might 
and do occur under nature. Let it also be borne in mind 
how infinitely complex and close-fitting are the mutual 
relations of all organic beings to each other and to their 
physical conditions of life; and consequently what 
infinitely varied diversities of structure might be of use to 
each being under changing conditions of life. Can it then 
be thought improbable, seeing that variations useful to 
man have undoubtedly occurred, that other variations 
useful in some way to each being in the great and complex 
battle of life, should occur in the course of many 
successive generations? If such do occur, can we doubt 
(remembering that many more individuals are born than 
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can possibly survive) that individuals having any 
advantage, however slight, over others, would have the 
best chance of surviving and procreating their kind? On 
the other hand, we may feel sure that any variation in the 
least degree injurious would be rigidly destroyed. This 
preservation of favourable individual differences and 
variations, and the destruction of those which are 
injurious, I have called Natural Selection, or the Survival 
of the Fittest. Variations neither useful nor injurious 
would not be affected by natural selection, and would be 
left either a fluctuating element, as perhaps we see in 
certain polymorphic species, or would ultimately become 
fixed, owing to the nature of the organism and the nature 
of the conditions. 

Several writers have misapprehended or objected to the 
term Natural Selection. Some have even imagined that 
natural selection induces variability, whereas it implies 
only the preservation of such variations as arise and are 
beneficial to the being under its conditions of life. No one 
objects to agriculturists speaking of the potent effects of 
man's selection; and in this case the individual differences 
given by nature, which man for some object selects, must 
of necessity first occur. Others have objected that the 
term selection implies conscious choice in the animals 
which become modified; and it has even been urged that, 
as plants have no volition, natural selection is not 
applicable to them! In the literal sense of the word, no 
doubt, natural selection is a false term; but who ever 
objected to chemists speaking of the elective affinities of 
the various elements?—and yet an acid cannot strictly be 
said to elect the base with which it in preference 
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combines. It has been said that I speak of natural 
selection as an active power or Deity; but who objects to 
an author speaking of the attraction of gravity as ruling 
the movements of the planets? Every one knows what is 
meant and is implied by such metaphorical expressions; 
and they are almost necessary for brevity. So again it is 
difficult to avoid personifying the word Nature; but I 
mean by nature, only the aggregate action and product of 
many natural laws, and by laws the sequence of events as 
ascertained by us. With a little familiarity such superficial 
objections will be forgotten. 

We shall best understand the probable course of natural 
selection by taking the case of a country undergoing some 
slight physical change, for instance, of climate. The 
proportional numbers of its inhabitants will almost 
immediately undergo a change, and some species will 
probably become extinct. We may conclude, from what 
we have seen of the intimate and complex manner in 
which the inhabitants of each country are bound together, 
that any change in the numerical proportions of the 
inhabitants, independently of the change of climate itself, 
would seriously affect the others. If the country were 
open on its borders, new forms would certainly 
immigrate, and this would likewise seriously disturb the 
relations of some of the former inhabitants. Let it be 
remembered how powerful the influence of a single 
introduced tree or mammal has been shown to be. But in 
the case of an island, or of a country partly surrounded by 
barriers, into which new and better adapted forms could 
not freely enter, we should then have places in the 
economy of nature which would assuredly be better filled 
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up if some of the original inhabitants were in some 
manner modified; for, had the area been open to 
immigration, these same places would have been seized 
on by intruders. In such cases, slight modifications, which 
in any way favoured the individuals of any species, by 
better adapting them to their altered conditions, would 
tend to be preserved; and natural selection would have 
free scope for the work of improvement. 

We have good reason to believe, as shown in the first 
chapter, that changes in the conditions of life give a 
tendency to increased variability; and in the foregoing 
cases the conditions the changed, and this would 
manifestly be favourable to natural selection, by affording 
a better chance of the occurrence of profitable variations. 
Unless such occur, natural selection can do nothing. 
Under the term of "variations," it must never be forgotten 
that mere individual differences are included. As man can 
produce a great result with his domestic animals and 
plants by adding up in any given direction individual 
differences, so could natural selection, but far more easily 
from having incomparably longer time for action. Nor do 
I believe that any great physical change, as of climate, or 
any unusual degree of isolation, to check immigration, is 
necessary in order that new and unoccupied places should 
be left for natural selection to fill up by improving some 
of the varying inhabitants. For as all the inhabitants of 
each country are struggling together with nicely balanced 
forces, extremely slight modifications in the structure or 
habits of one species would often give it an advantage 
over others; and still further modifications of the same 
kind would often still further increase the advantage, as 
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long as the species continued under the same conditions 
of life and profited by similar means of subsistence and 
defence. No country can be named in which all the native 
inhabitants are now so perfectly adapted to each other 
and to the physical conditions under which they live, that 
none of them could be still better adapted or improved; 
for in all countries, the natives have been so far 
conquered by naturalised productions that they have 
allowed some foreigners to take firm possession of the 
land. And as foreigners have thus in every country beaten 
some of the natives, we may safely conclude that the 
natives might have been modified with advantage, so as to 
have better resisted the intruders. 

As man can produce, and certainly has produced, a great 
result by his methodical and unconscious means of 
selection, what may not natural selection effect? Man can 
act only on external and visible characters: Nature, if I 
may be allowed to personify the natural preservation or 
survival of the fittest, cares nothing for appearances, 
except in so far as they are useful to any being. She can 
act on every internal organ, on every shade of 
constitutional difference, on the whole machinery of life. 
Man selects only for his own good; Nature only for that 
of the being which she tends. Every selected character is 
fully exercised by her, as is implied by the fact of their 
selection. Man keeps the natives of many climates in the 
same country. He seldom exercises each selected character 
in some peculiar and fitting manner; he feeds a long and a 
short-beaked pigeon on the same food; he does not 
exercise a long-backed or long-legged quadruped in any 
peculiar manner; he exposes sheep with long and short 
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wool to the same climate; does not allow the most 
vigorous males to struggle for the females; he does not 
rigidly destroy all inferior animals, but protects during 
each varying season, as far as lies in his power, all his 
productions. He often begins his selection by some half-
monstrous form, or at least by some modification 
prominent enough to catch the eye or to be plainly useful 
to him. Under nature, the slightest differences of structure 
or constitution may well turn the nicely-balanced scale in 
the struggle for life, and so be preserved. How fleeting are 
the wishes and efforts of man! How short his time, and 
consequently how poor will be his results, compared with 
those accumulated by Nature during whole geological 
periods! Can we wonder, then, that Nature's productions 
should be far "truer" in character than man's productions; 
that they should be infinitely better adapted to the most 
complex conditions of life, and should plainly bear the 
stamp of far higher workmanship? 

It may metaphorically be said that natural selection is daily 
and hourly scrutinising, throughout the world, the 
slightest variations; rejecting those that are bad, preserving 
and adding up all that are good; silently and insensibly 
working, whenever and wherever opportunity offers, at the 
improvement of each organic being in relation to its 
organic and inorganic conditions of life. We see nothing 
of these slow changes in progress, until the hand of time 
has marked the long lapse of ages, and then so imperfect 
is our view into long-past geological ages that we see only 
that the forms of life are now different from what they 
formerly were. 
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In order that any great amount of modification should be 
effected in a species, a variety, when once formed must 
again, perhaps after a long interval of time, vary or present 
individual differences of the same favourable nature as 
before; and these must again be preserved, and so 
onward, step by step. Seeing that individual differences of 
the same kind perpetually recur, this can hardly be 
considered as an unwarrantable assumption. But whether 
it is true, we can judge only by seeing how far the 
hypothesis accords with and explains the general 
phenomena of nature. On the other hand, the ordinary 
belief that the amount of possible variation is a strictly 
limited quantity, is likewise a simple assumption. 

Although natural selection can act only through and for 
the good of each being, yet characters and structures, 
which we are apt to consider as of very trifling 
importance, may thus be acted on. When we see leaf-
eating insects green, and bark-feeders mottled-grey; the 
alpine ptarmigan white in winter, the red-grouse the 
colour of heather, we must believe that these tints are of 
service to these birds and insects in preserving them from 
danger. Grouse, if not destroyed at some period of their 
lives, would increase in countless numbers; they are 
known to suffer largely from birds of prey; and hawks are 
guided by eyesight to their prey,—so much so that on 
parts of the continent persons are warned not to keep 
white pigeons, as being the most liable to destruction. 
Hence natural selection might be effective in giving the 
proper colour to each kind of grouse, and in keeping that 
colour, when once acquired, true and constant. Nor ought 
we to think that the occasional destruction of an animal of 
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any particular colour would produce little effect; we 
should remember how essential it is in a flock of white 
sheep to destroy a lamb with the faintest trace of black. 
We have seen how the colour of hogs, which feed on the 
"paint-root" in Virginia, determines whether they shall live 
or die. In plants, the down on the fruit and the colour of 
the flesh are considered by botanists as characters of the 
most trifling importance; yet we hear from an excellent 
horticulturist, Downing, that in the United States smooth-
skinned fruits suffer far more from a beetle, a Curculio, 
than those with down; that purple plums suffer far more 
from a certain disease than yellow plums; whereas another 
disease attacks yellow-fleshed peaches far more than those 
with other coloured flesh. If, with all the aids of art, these 
slight differences make a great difference in cultivating the 
several varieties, assuredly, in a state of nature, where the 
trees would have to struggle with other trees and with a 
host of enemies, such differences would effectually settle 
which variety, whether a smooth or downy, a yellow or a 
purple-fleshed fruit, should succeed. 

In looking at many small points of difference between 
species, which, as far as our ignorance permits us to judge, 
seem quite unimportant, we must not forget that climate, 
food, etc., have no doubt produced some direct effect. It 
is also necessary to bear in mind that, owing to the law of 
correlation, when one part varies and the variations are 
accumulated through natural selection, other 
modifications, often of the most unexpected nature, will 
ensue. 
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As we see that those variations which, under 
domestication, appear at any particular period of life, tend 
to reappear in the offspring at the same period; for 
instance, in the shape, size and flavour of the seeds of the 
many varieties of our culinary and agricultural plants; in 
the caterpillar and cocoon stages of the varieties of the 
silkworm; in the eggs of poultry, and in the colour of the 
down of their chickens; in the horns of our sheep and 
cattle when nearly adult; so in a state of nature natural 
selection will be enabled to act on and modify organic 
beings at any age, by the accumulation of variations 
profitable at that age, and by their inheritance at a 
corresponding age. If it profit a plant to have its seeds 
more and more widely disseminated by the wind, I can see 
no greater difficulty in this being effected through natural 
selection, than in the cotton-planter increasing and 
improving by selection the down in the pods on his 
cotton-trees. Natural selection may modify and adapt the 
larva of an insect to a score of contingencies, wholly 
different from those which concern the mature insect; and 
these modifications may affect, through correlation, the 
structure of the adult. So, conversely, modifications in the 
adult may affect the structure of the larva; but in all cases 
natural selection will ensure that they shall not be 
injurious: for if they were so, the species would become 
extinct. 

Natural selection will modify the structure of the young in 
relation to the parent and of the parent in relation to the 
young. In social animals it will adapt the structure of each 
individual for the benefit of the whole community; if the 
community profits by the selected change. What natural 
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selection cannot do, is to modify the structure of one 
species, without giving it any advantage, for the good of 
another species; and though statements to this effect may 
be found in works of natural history, I cannot find one 
case which will bear investigation. A structure used only 
once in an animal's life, if of high importance to it, might 
be modified to any extent by natural selection; for 
instance, the great jaws possessed by certain insects, used 
exclusively for opening the cocoon—or the hard tip to 
the beak of unhatched birds, used for breaking the eggs. It 
has been asserted, that of the best short-beaked tumbler-
pigeons a greater number perish in the egg than are able 
to get out of it; so that fanciers assist in the act of 
hatching. Now, if nature had to make the beak of a full-
grown pigeon very short for the bird's own advantage, the 
process of modification would be very slow, and there 
would be simultaneously the most rigorous selection of all 
the young birds within the egg, which had the most 
powerful and hardest beaks, for all with weak beaks would 
inevitably perish: or, more delicate and more easily broken 
shells might be selected, the thickness of the shell being 
known to vary like every other structure. 

It may be well here to remark that with all beings there 
must be much fortuitous destruction, which can have little 
or no influence on the course of natural selection. For 
instance, a vast number of eggs or seeds are annually 
devoured, and these could be modified through natural 
selection only if they varied in some manner which 
protected them from their enemies. Yet many of these 
eggs or seeds would perhaps, if not destroyed, have 
yielded individuals better adapted to their conditions of 
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life than any of those which happened to survive. So again 
a vast number of mature animals and plants, whether or 
not they be the best adapted to their conditions, must be 
annually destroyed by accidental causes, which would not 
be in the least degree mitigated by certain changes of 
structure or constitution which would in other ways be 
beneficial to the species. But let the destruction of the 
adults be ever so heavy, if the number which can exist in 
any district be not wholly kept down by such causes—or 
again let the destruction of eggs or seeds be so great that 
only a hundredth or a thousandth part are developed—yet 
of those which do survive, the best adapted individuals, 
supposing that there is any variability in a favourable 
direction, will tend to propagate their kind in larger 
numbers than the less well adapted. If the numbers be 
wholly kept down by the causes just indicated, as will 
often have been the case, natural selection will be 
powerless in certain beneficial directions; but this is no 
valid objection to its efficiency at other times and in other 
ways; for we are far from having any reason to suppose 
that many species ever undergo modification and 
improvement at the same time in the same area. 

SEXUAL SELECTION. 

Inasmuch as peculiarities often appear under 
domestication in one sex and become hereditarily attached 
to that sex, so no doubt it will be under nature. Thus it is 
rendered possible for the two sexes to be modified 
through natural selection in relation to different habits of 
life, as is sometimes the case; or for one sex to be 
modified in relation to the other sex, as commonly occurs. 
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This leads me to say a few words on what I have called 
sexual selection. This form of selection depends, not on a 
struggle for existence in relation to other organic beings 
or to external conditions, but on a struggle between the 
individuals of one sex, generally the males, for the 
possession of the other sex. The result is not death to the 
unsuccessful competitor, but few or no offspring. Sexual 
selection is, therefore, less rigorous than natural selection. 
Generally, the most vigorous males, those which are best 
fitted for their places in nature, will leave most progeny. 
But in many cases victory depends not so much on 
general vigour, but on having special weapons, confined 
to the male sex. A hornless stag or spurless cock would 
have a poor chance of leaving numerous offspring. Sexual 
selection, by always allowing the victor to breed, might 
surely give indomitable courage, length of spur, and 
strength to the wing to strike in the spurred leg, in nearly 
the same manner as does the brutal cockfighter by the 
careful selection of his best cocks. How low in the scale 
of nature the law of battle descends I know not; male 
alligators have been described as fighting, bellowing, and 
whirling round, like Indians in a war-dance, for the 
possession of the females; male salmons have been 
observed fighting all day long; male stag-beetles 
sometimes bear wounds from the huge mandibles of 
other males; the males of certain hymenopterous insects 
have been frequently seen by that inimitable observer M. 
Fabre, fighting for a particular female who sits by, an 
apparently unconcerned beholder of the struggle, and 
then retires with the conqueror. The war is, perhaps, 
severest between the males of polygamous animals, and 
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these seem oftenest provided with special weapons. The 
males of carnivorous animals are already well armed; 
though to them and to others, special means of defence 
may be given through means of sexual selection, as the 
mane of the lion, and the hooked jaw to the male salmon; 
for the shield may be as important for victory as the 
sword or spear. 

Among birds, the contest is often of a more peaceful 
character. All those who have attended to the subject, 
believe that there is the severest rivalry between the males 
of many species to attract, by singing, the females. The 
rock-thrush of Guiana, birds of paradise, and some 
others, congregate, and successive males display with the 
most elaborate care, and show off in the best manner, 
their gorgeous plumage; they likewise perform strange 
antics before the females, which, standing by as 
spectators, at last choose the most attractive partner. 
Those who have closely attended to birds in confinement 
well know that they often take individual preferences and 
dislikes: thus Sir R. Heron has described how a pied 
peacock was eminently attractive to all his hen birds. I 
cannot here enter on the necessary details; but if man can 
in a short time give beauty and an elegant carriage to his 
bantams, according to his standard of beauty, I can see no 
good reason to doubt that female birds, by selecting, 
during thousands of generations, the most melodious or 
beautiful males, according to their standard of beauty, 
might produce a marked effect. Some well-known laws, 
with respect to the plumage of male and female birds, in 
comparison with the plumage of the young, can partly be 
explained through the action of sexual selection on 
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variations occurring at different ages, and transmitted to 
the males alone or to both sexes at corresponding ages; 
but I have not space here to enter on this subject. 

Thus it is, as I believe, that when the males and females of 
any animal have the same general habits of life, but differ 
in structure, colour, or ornament, such differences have 
been mainly caused by sexual selection: that is, by 
individual males having had, in successive generations, 
some slight advantage over other males, in their weapons, 
means of defence, or charms; which they have transmitted 
to their male offspring alone. Yet, I would not wish to 
attribute all sexual differences to this agency: for we see in 
our domestic animals peculiarities arising and becoming 
attached to the male sex, which apparently have not been 
augmented through selection by man. The tuft of hair on 
the breast of the wild turkey-cock cannot be of any use, 
and it is doubtful whether it can be ornamental in the eyes 
of the female bird; indeed, had the tuft appeared under 
domestication it would have been called a monstrosity. 

ILLUSTRATIONS OF THE ACTION OF NATURAL 

SELECTION, OR THE SURVIVAL OF THE FITTEST. 

In order to make it clear how, as I believe, natural 
selection acts, I must beg permission to give one or two 
imaginary illustrations. Let us take the case of a wolf, 
which preys on various animals, securing some by craft, 
some by strength, and some by fleetness; and let us 
suppose that the fleetest prey, a deer for instance, had 
from any change in the country increased in numbers, or 
that other prey had decreased in numbers, during that 
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season of the year when the wolf was hardest pressed for 
food. Under such circumstances the swiftest and slimmest 
wolves have the best chance of surviving, and so be 
preserved or selected, provided always that they retained 
strength to master their prey at this or some other period 
of the year, when they were compelled to prey on other 
animals. I can see no more reason to doubt that this 
would be the result, than that man should be able to 
improve the fleetness of his greyhounds by careful and 
methodical selection, or by that kind of unconscious 
selection which follows from each man trying to keep the 
best dogs without any thought of modifying the breed. I 
may add that, according to Mr. Pierce, there are two 
varieties of the wolf inhabiting the Catskill Mountains, in 
the United States, one with a light greyhound-like form, 
which pursues deer, and the other more bulky, with 
shorter legs, which more frequently attacks the shepherd's 
flocks. 

Even without any change in the proportional numbers of 
the animals on which our wolf preyed, a cub might be 
born with an innate tendency to pursue certain kinds of 
prey. Nor can this be thought very improbable; for we 
often observe great differences in the natural tendencies 
of our domestic animals; one cat, for instance, taking to 
catch rats, another mice; one cat, according to Mr. St. 
John, bringing home winged game, another hares or 
rabbits, and another hunting on marshy ground and 
almost nightly catching woodcocks or snipes. The 
tendency to catch rats rather than mice is known to be 
inherited. Now, if any slight innate change of habit or of 
structure benefited an individual wolf, it would have the 
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best chance of surviving and of leaving offspring. Some of 
its young would probably inherit the same habits or 
structure, and by the repetition of this process, a new 
variety might be formed which would either supplant or 
coexist with the parent-form of wolf. Or, again, the 
wolves inhabiting a mountainous district, and those 
frequenting the lowlands, would naturally be forced to 
hunt different prey; and from the continued preservation 
of the individuals best fitted for the two sites, two 
varieties might slowly be formed. These varieties would 
cross and blend where they met; but to this subject of 
intercrossing we shall soon have to return. I may add, 
that, according to Mr. Pierce, there are two varieties of the 
wolf inhabiting the Catskill Mountains in the United 
States, one with a light greyhound-like form, which 
pursues deer, and the other more bulky, with shorter legs, 
which more frequently attacks the shepherd's flocks. 

It should be observed that in the above illustration, I 
speak of the slimmest individual wolves, and not of any 
single strongly marked variation having been preserved. In 
former editions of this work I sometimes spoke as if this 
latter alternative had frequently occurred. I saw the great 
importance of individual differences, and this led me fully 
to discuss the results of unconscious selection by man, 
which depends on the preservation of all the more or less 
valuable individuals, and on the destruction of the worst. I 
saw, also, that the preservation in a state of nature of any 
occasional deviation of structure, such as a monstrosity, 
would be a rare event; and that, if at first preserved, it 
would generally be lost by subsequent intercrossing with 
ordinary individuals. Nevertheless, until reading an able 
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and valuable article in the "North British Review" (1867), 
I did not appreciate how rarely single variations, whether 
slight or strongly marked, could be perpetuated. The 
author takes the case of a pair of animals, producing 
during their lifetime two hundred offspring, of which, 
from various causes of destruction, only two on an 
average survive to pro-create their kind. This is rather an 
extreme estimate for most of the higher animals, but by 
no means so for many of the lower organisms. He then 
shows that if a single individual were born, which varied 
in some manner, giving it twice as good a chance of life as 
that of the other individuals, yet the chances would be 
strongly against its survival. Supposing it to survive and to 
breed, and that half its young inherited the favourable 
variation; still, as the Reviewer goes onto show, the young 
would have only a slightly better chance of surviving and 
breeding; and this chance would go on decreasing in the 
succeeding generations. The justice of these remarks 
cannot, I think, be disputed. If, for instance, a bird of 
some kind could procure its food more easily by having 
its beak curved, and if one were born with its beak 
strongly curved, and which consequently flourished, 
nevertheless there would be a very poor chance of this 
one individual perpetuating its kind to the exclusion of the 
common form; but there can hardly be a doubt, judging 
by what we see taking place under domestication, that this 
result would follow from the preservation during many 
generations of a large number of individuals with more or 
less strongly curved beaks, and from the destruction of a 
still larger number with the straightest beaks. 



EVOLUTION, CONSCIOUSNESS, AND REFLECTIONS 

46 

It should not, however, be overlooked that certain rather 
strongly marked variations, which no one would rank as 
mere individual differences, frequently recur owing to a 
similar organisation being similarly acted on—of which 
fact numerous instances could be given with our domestic 
productions. In such cases, if the varying individual did 
not actually transmit to its offspring its newly-acquired 
character, it would undoubtedly transmit to them, as long 
as the existing conditions remained the same, a still 
stronger tendency to vary in the same manner. There can 
also be little doubt that the tendency to vary in the same 
manner has often been so strong that all the individuals of 
the same species have been similarly modified without the 
aid of any form of selection. Or only a third, fifth, or 
tenth part of the individuals may have been thus affected, 
of which fact several instances could be given. Thus 
Graba estimates that about one-fifth of the guillemots in 
the Faroe Islands consist of a variety so well marked, that 
it was formerly ranked as a distinct species under the 
name of Uria lacrymans. In cases of this kind, if the 
variation were of a beneficial nature, the original form 
would soon be supplanted by the modified form, through 
the survival of the fittest. 

To the effects of intercrossing in eliminating variations of 
all kinds, I shall have to recur; but it may be here 
remarked that most animals and plants keep to their 
proper homes, and do not needlessly wander about; we 
see this even with migratory birds, which almost always 
return to the same spot. Consequently each newly-formed 
variety would generally be at first local, as seems to be the 
common rule with varieties in a state of nature; so that 
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similarly modified individuals would soon exist in a small 
body together, and would often breed together. If the new 
variety were successful in its battle for life, it would slowly 
spread from a central district, competing with and 
conquering the unchanged individuals on the margins of 
an ever-increasing circle. 

It may be worth while to give another and more complex 
illustration of the action of natural selection. Certain 
plants excrete sweet juice, apparently for the sake of 
eliminating something injurious from the sap: this is 
effected, for instance, by glands at the base of the stipules 
in some Leguminosae, and at the backs of the leaves of 
the common laurel. This juice, though small in quantity, is 
greedily sought by insects; but their visits do not in any 
way benefit the plant. Now, let us suppose that the juice 
or nectar was excreted from the inside of the flowers of a 
certain number of plants of any species. Insects in seeking 
the nectar would get dusted with pollen, and would often 
transport it from one flower to another. The flowers of 
two distinct individuals of the same species would thus 
get crossed; and the act of crossing, as can be fully 
proved, gives rise to vigorous seedlings, which 
consequently would have the best chance of flourishing 
and surviving. The plants which produced flowers with 
the largest glands or nectaries, excreting most nectar, 
would oftenest be visited by insects, and would oftenest 
be crossed; and so in the long-run would gain the upper 
hand and form a local variety. The flowers, also, which 
had their stamens and pistils placed, in relation to the size 
and habits of the particular insect which visited them, so 
as to favour in any degree the transportal of the pollen, 
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would likewise be favoured. We might have taken the case 
of insects visiting flowers for the sake of collecting pollen 
instead of nectar; and as pollen is formed for the sole 
purpose of fertilisation, its destruction appears to be a 
simple loss to the plant; yet if a little pollen were carried, 
at first occasionally and then habitually, by the pollen-
devouring insects from flower to flower, and a cross thus 
effected, although nine-tenths of the pollen were 
destroyed it might still be a great gain to the plant to be 
thus robbed; and the individuals which produced more 
and more pollen, and had larger anthers, would be 
selected. 

When our plant, by the above process long continued, 
had been rendered highly attractive to insects, they would, 
unintentionally on their part, regularly carry pollen from 
flower to flower; and that they do this effectually I could 
easily show by many striking facts. I will give only one, as 
likewise illustrating one step in the separation of the sexes 
of plants. Some holly-trees bear only male flowers, which 
have four stamens producing a rather small quantity of 
pollen, and a rudimentary pistil; other holly-trees bear 
only female flowers; these have a full-sized pistil, and four 
stamens with shrivelled anthers, in which not a grain of 
pollen can be detected. Having found a female tree exactly 
sixty yards from a male tree, I put the stigmas of twenty 
flowers, taken from different branches, under the 
microscope, and on all, without exception, there were a 
few pollen-grains, and on some a profusion. As the wind 
had set for several days from the female to the male tree, 
the pollen could not thus have been carried. The weather 
had been cold and boisterous and therefore not 
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favourable to bees, nevertheless every female flower 
which I examined had been effectually fertilised by the 
bees, which had flown from tree to tree in search of 
nectar. But to return to our imaginary case; as soon as the 
plant had been rendered so highly attractive to insects that 
pollen was regularly carried from flower to flower, 
another process might commence. No naturalist doubts 
the advantage of what has been called the "physiological 
division of labour;" hence we may believe that it would be 
advantageous to a plant to produce stamens alone in one 
flower or on one whole plant, and pistils alone in another 
flower or on another plant. In plants under culture and 
placed under new conditions of life, sometimes the male 
organs and sometimes the female organs become more or 
less impotent; now if we suppose this to occur in ever so 
slight a degree under nature, then, as pollen is already 
carried regularly from flower to flower, and as a more 
complete separation of the sexes of our plant would be 
advantageous on the principle of the division of labour, 
individuals with this tendency more and more increased, 
would be continually favoured or selected, until at last a 
complete separation of the sexes might be effected. It 
would take up too much space to show the various steps, 
through dimorphism and other means, by which the 
separation of the sexes in plants of various kinds is 
apparently now in progress; but I may add that some of 
the species of holly in North America are, according to 
Asa Gray, in an exactly intermediate condition, or, as he 
expresses it, are more or less dioeciously polygamous. 

Let us now turn to the nectar-feeding insects; we may 
suppose the plant of which we have been slowly 
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increasing the nectar by continued selection, to be a 
common plant; and that certain insects depended in main 
part on its nectar for food. I could give many facts 
showing how anxious bees are to save time: for instance, 
their habit of cutting holes and sucking the nectar at the 
bases of certain flowers, which with a very little more 
trouble they can enter by the mouth. Bearing such facts in 
mind, it may be believed that under certain circumstances 
individual differences in the curvature or length of the 
proboscis, etc., too slight to be appreciated by us, might 
profit a bee or other insect, so that certain individuals 
would be able to obtain their food more quickly than 
others; and thus the communities to which they belonged 
would flourish and throw off many swarms inheriting the 
same peculiarities. The tubes of the corolla of the 
common red or incarnate clovers (Trifolium pratense and 
incarnatum) do not on a hasty glance appear to differ in 
length; yet the hive-bee can easily suck the nectar out of 
the incarnate clover, but not out of the common red 
clover, which is visited by humble-bees alone; so that 
whole fields of the red clover offer in vain an abundant 
supply of precious nectar to the hive-bee. That this nectar 
is much liked by the hive-bee is certain; for I have 
repeatedly seen, but only in the autumn, many hive-bees 
sucking the flowers through holes bitten in the base of the 
tube by humble bees. The difference in the length of the 
corolla in the two kinds of clover, which determines the 
visits of the hive-bee, must be very trifling; for I have 
been assured that when red clover has been mown, the 
flowers of the second crop are somewhat smaller, and that 
these are visited by many hive-bees. I do not know 
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whether this statement is accurate; nor whether another 
published statement can be trusted, namely, that the 
Ligurian bee, which is generally considered a mere variety 
of the common hive-bee, and which freely crosses with it, 
is able to reach and suck the nectar of the red clover. 
Thus, in a country where this kind of clover abounded, it 
might be a great advantage to the hive-bee to have a 
slightly longer or differently constructed proboscis. On 
the other hand, as the fertility of this clover absolutely 
depends on bees visiting the flowers, if humble-bees were 
to become rare in any country, it might be a great 
advantage to the plant to have a shorter or more deeply 
divided corolla, so that the hive-bees should be enabled to 
suck its flowers. Thus I can understand how a flower and 
a bee might slowly become, either simultaneously or one 
after the other, modified and adapted to each other in the 
most perfect manner, by the continued preservation of all 
the individuals which presented slight deviations of 
structure mutually favourable to each other. 

I am well aware that this doctrine of natural selection, 
exemplified in the above imaginary instances, is open to 
the same objections which were first urged against Sir 
Charles Lyell's noble views on "the modern changes of 
the earth, as illustrative of geology;" but we now seldom 
hear the agencies which we see still at work, spoken of as 
trifling and insignificant, when used in explaining the 
excavation of the deepest valleys or the formation of long 
lines of inland cliffs. Natural selection acts only by the 
preservation and accumulation of small inherited 
modifications, each profitable to the preserved being; and 
as modern geology has almost banished such views as the 
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excavation of a great valley by a single diluvial wave, so 
will natural selection banish the belief of the continued 
creation of new organic beings, or of any great and 
sudden modification in their structure. 

ON THE INTERCROSSING OF INDIVIDUALS. 

I must here introduce a short digression. In the case of 
animals and plants with separated sexes, it is of course 
obvious that two individuals must always (with the 
exception of the curious and not well understood cases of 
parthenogenesis) unite for each birth; but in the case of 
hermaphrodites this is far from obvious. Nevertheless 
there is reason to believe that with all hermaphrodites two 
individuals, either occasionally or habitually, concur for 
the reproduction of their kind. This view was long ago 
doubtfully suggested by Sprengel, Knight and Kolreuter. 
We shall presently see its importance; but I must here 
treat the subject with extreme brevity, though I have the 
materials prepared for an ample discussion. All vertebrate 
animals, all insects and some other large groups of 
animals, pair for each birth. Modern research has much 
diminished the number of supposed hermaphrodites and 
of real hermaphrodites a large number pair; that is, two 
individuals regularly unite for reproduction, which is all 
that concerns us. But still there are many hermaphrodite 
animals which certainly do not habitually pair, and a vast 
majority of plants are hermaphrodites. What reason, it 
may be asked, is there for supposing in these cases that 
two individuals ever concur in reproduction? As it is 
impossible here to enter on details, I must trust to some 
general considerations alone. 
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In the first place, I have collected so large a body of facts, 
and made so many experiments, showing, in accordance 
with the almost universal belief of breeders, that with 
animals and plants a cross between different varieties, or 
between individuals of the same variety but of another 
strain, gives vigour and fertility to the offspring; and on 
the other hand, that CLOSE interbreeding diminishes 
vigour and fertility; that these facts alone incline me to 
believe that it is a general law of nature that no organic 
being fertilises itself for a perpetuity of generations; but 
that a cross with another individual is occasionally—
perhaps at long intervals of time—indispensable. 

On the belief that this is a law of nature, we can, I think, 
understand several large classes of facts, such as the 
following, which on any other view are inexplicable. 
Every hybridizer knows how unfavourable exposure to 
wet is to the fertilisation of a flower, yet what a multitude 
of flowers have their anthers and stigmas fully exposed to 
the weather! If an occasional cross be indispensable, 
notwithstanding that the plant's own anthers and pistil 
stand so near each other as almost to ensure self-
fertilisation, the fullest freedom for the entrance of pollen 
from another individual will explain the above state of 
exposure of the organs. Many flowers, on the other hand, 
have their organs of fructification closely enclosed, as in 
the great papilionaceous or pea-family; but these almost 
invariably present beautiful and curious adaptations in 
relation to the visits of insects. So necessary are the visits 
of bees to many papilionaceous flowers, that their fertility 
is greatly diminished if these visits be prevented. Now, it 
is scarcely possible for insects to fly from flower to 
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flower, and not to carry pollen from one to the other, to 
the great good of the plant. Insects act like a camel-hair 
pencil, and it is sufficient, to ensure fertilisation, just to 
touch with the same brush the anthers of one flower and 
then the stigma of another; but it must not be supposed 
that bees would thus produce a multitude of hybrids 
between distinct species; for if a plant's own pollen and 
that from another species are placed on the same stigma, 
the former is so prepotent that it invariably and 
completely destroys, as has been shown by Gartner, the 
influence of the foreign pollen. 

When the stamens of a flower suddenly spring towards 
the pistil, or slowly move one after the other towards it, 
the contrivance seems adapted solely to ensure self-
fertilisation; and no doubt it is useful for this end: but the 
agency of insects is often required to cause the stamens to 
spring forward, as Kolreuter has shown to be the case 
with the barberry; and in this very genus, which seems to 
have a special contrivance for self-fertilisation, it is well 
known that, if closely-allied forms or varieties are planted 
near each other, it is hardly possible to raise pure 
seedlings, so largely do they naturally cross. In numerous 
other cases, far from self-fertilisation being favoured, 
there are special contrivances which effectually prevent 
the stigma receiving pollen from its own flower, as I could 
show from the works of Sprengel and others, as well as 
from my own observations: for instance, in Lobelia 
fulgens, there is a really beautiful and elaborate 
contrivance by which all the infinitely numerous pollen-
granules are swept out of the conjoined anthers of each 
flower, before the stigma of that individual flower is ready 
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to receive them; and as this flower is never visited, at least 
in my garden, by insects, it never sets a seed, though by 
placing pollen from one flower on the stigma of another, 
I raise plenty of seedlings. Another species of Lobelia, 
which is visited by bees, seeds freely in my garden. In very 
many other cases, though there is no special mechanical 
contrivance to prevent the stigma receiving pollen from 
the same flower, yet, as Sprengel, and more recently 
Hildebrand and others have shown, and as I can confirm, 
either the anthers burst before the stigma is ready for 
fertilisation, or the stigma is ready before the pollen of 
that flower is ready, so that these so-named dichogamous 
plants have in fact separated sexes, and must habitually be 
crossed. So it is with the reciprocally dimorphic and 
trimorphic plants previously alluded to. How strange are 
these facts! How strange that the pollen and stigmatic 
surface of the same flower, though placed so close 
together, as if for the very purpose of self-fertilisation, 
should be in so many cases mutually useless to each other! 
How simply are these facts explained on the view of an 
occasional cross with a distinct individual being 
advantageous or indispensable! 

If several varieties of the cabbage, radish, onion, and of 
some other plants, be allowed to seed near each other, a 
large majority of the seedlings thus raised turn out, as I 
found, mongrels: for instance, I raised 233 seedling 
cabbages from some plants of different varieties growing 
near each other, and of these only 78 were true to their 
kind, and some even of these were not perfectly true. Yet 
the pistil of each cabbage-flower is surrounded not only 
by its own six stamens but by those of the many other 
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flowers on the same plant; and the pollen of each flower 
readily gets on its stigma without insect agency; for I have 
found that plants carefully protected from insects produce 
the full number of pods. How, then, comes it that such a 
vast number of the seedlings are mongrelized? It must 
arise from the pollen of a distinct VARIETY having a 
prepotent effect over the flower's own pollen; and that 
this is part of the general law of good being derived from 
the intercrossing of distinct individuals of the same 
species. When distinct SPECIES are crossed the case is 
reversed, for a plant's own pollen is always prepotent over 
foreign pollen; but to this subject we shall return in a 
future chapter. 

In the case of a large tree covered with innumerable 
flowers, it may be objected that pollen could seldom be 
carried from tree to tree, and at most only from flower to 
flower on the same tree; and flowers on the same tree can 
be considered as distinct individuals only in a limited 
sense. I believe this objection to be valid, but that nature 
has largely provided against it by giving to trees a strong 
tendency to bear flowers with separated sexes. When the 
sexes are separated, although the male and female flowers 
may be produced on the same tree, pollen must be 
regularly carried from flower to flower; and this will give a 
better chance of pollen being occasionally carried from 
tree to tree. That trees belonging to all orders have their 
sexes more often separated than other plants, I find to be 
the case in this country; and at my request Dr. Hooker 
tabulated the trees of New Zealand, and Dr. Asa Gray 
those of the United States, and the result was as I 
anticipated. On the other hand, Dr. Hooker informs me 
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that the rule does not hold good in Australia: but if most 
of the Australian trees are dichogamous, the same result 
would follow as if they bore flowers with separated sexes. 
I have made these few remarks on trees simply to call 
attention to the subject. 

Turning for a brief space to animals: various terrestrial 
species are hermaphrodites, such as the land-mollusca and 
earth-worms; but these all pair. As yet I have not found a 
single terrestrial animal which can fertilise itself. This 
remarkable fact, which offers so strong a contrast with 
terrestrial plants, is intelligible on the view of an 
occasional cross being indispensable; for owing to the 
nature of the fertilising element there are no means, 
analogous to the action of insects and of the wind with 
plants, by which an occasional cross could be effected 
with terrestrial animals without the concurrence of two 
individuals. Of aquatic animals, there are many self-
fertilising hermaphrodites; but here the currents of water 
offer an obvious means for an occasional cross. As in the 
case of flowers, I have as yet failed, after consultation with 
one of the highest authorities, namely, Professor Huxley, 
to discover a single hermaphrodite animal with the organs 
of reproduction so perfectly enclosed that access from 
without, and the occasional influence of a distinct 
individual, can be shown to be physically impossible. 
Cirripedes long appeared to me to present, under this 
point of view, a case of great difficulty; but I have been 
enabled, by a fortunate chance, to prove that two 
individuals, though both are self-fertilising 
hermaphrodites, do sometimes cross. 
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It must have struck most naturalists as a strange anomaly 
that, both with animals and plants, some species of the 
same family and even of the same genus, though agreeing 
closely with each other in their whole organisation, are 
hermaphrodites, and some unisexual. But if, in fact, all 
hermaphrodites do occasionally intercross, the difference 
between them and unisexual species is, as far as function 
is concerned, very small. 

From these several considerations and from the many 
special facts which I have collected, but which I am 
unable here to give, it appears that with animals and 
plants an occasional intercross between distinct 
individuals is a very general, if not universal, law of nature. 

CIRCUMSTANCES FAVOURABLE FOR THE PRODUCTION 

OF NEW FORMS THROUGH NATURAL SELECTION. 

This is an extremely intricate subject. A great amount of 
variability, under which term individual differences are 
always included, will evidently be favourable. A large 
number of individuals, by giving a better chance within 
any given period for the appearance of profitable 
variations, will compensate for a lesser amount of 
variability in each individual, and is, I believe, a highly 
important element of success. Though nature grants long 
periods of time for the work of natural selection, she does 
not grant an indefinite period; for as all organic beings are 
striving to seize on each place in the economy of nature, if 
any one species does not become modified and improved 
in a corresponding degree with its competitors it will be 
exterminated. Unless favourable variations be inherited by 
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some at least of the offspring, nothing can be effected by 
natural selection. The tendency to reversion may often 
check or prevent the work; but as this tendency has not 
prevented man from forming by selection numerous 
domestic races, why should it prevail against natural 
selection? 

In the case of methodical selection, a breeder selects for 
some definite object, and if the individuals be allowed 
freely to intercross, his work will completely fail. But 
when many men, without intending to alter the breed, 
have a nearly common standard of perfection, and all try 
to procure and breed from the best animals, improvement 
surely but slowly follows from this unconscious process 
of selection, notwithstanding that there is no separation of 
selected individuals. Thus it will be under nature; for 
within a confined area, with some place in the natural 
polity not perfectly occupied, all the individuals varying in 
the right direction, though in different degrees, will tend 
to be preserved. But if the area be large, its several 
districts will almost certainly present different conditions 
of life; and then, if the same species undergoes 
modification in different districts, the newly formed 
varieties will intercross on the confines of each. But we 
shall see in the sixth chapter that intermediate varieties, 
inhabiting intermediate districts, will in the long run 
generally be supplanted by one of the adjoining varieties. 
Intercrossing will chiefly affect those animals which unite 
for each birth and wander much, and which do not breed 
at a very quick rate. Hence with animals of this nature, for 
instance birds, varieties will generally be confined to 
separated countries; and this I find to be the case. With 
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hermaphrodite organisms which cross only occasionally, 
and likewise with animals which unite for each birth, but 
which wander little and can increase at a rapid rate, a new 
and improved variety might be quickly formed on any one 
spot, and might there maintain itself in a body and 
afterward spread, so that the individuals of the new 
variety would chiefly cross together. On this principle 
nurserymen always prefer saving seed from a large body 
of plants, as the chance of intercrossing is thus lessened. 

Even with animals which unite for each birth, and which 
do not propagate rapidly, we must not assume that free 
intercrossing would always eliminate the effects of natural 
selection; for I can bring forward a considerable body of 
facts showing that within the same area two varieties of 
the same animal may long remain distinct, from haunting 
different stations, from breeding at slightly different 
seasons, or from the individuals of each variety preferring 
to pair together. 

Intercrossing plays a very important part in nature by 
keeping the individuals of the same species, or of the 
same variety, true and uniform in character. It will 
obviously thus act far more efficiently with those animals 
which unite for each birth; but, as already stated, we have 
reason to believe that occasional intercrosses take place 
with all animals and plants. Even if these take place only 
at long intervals of time, the young thus produced will 
gain so much in vigour and fertility over the offspring 
from long-continued self-fertilisation, that they will have a 
better chance of surviving and propagating their kind; and 
thus in the long run the influence of crosses, even at rare 
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intervals, will be great. With respect to organic beings 
extremely low in the scale, which do not propagate 
sexually, nor conjugate, and which cannot possibly 
intercross, uniformity of character can be retained by 
them under the same conditions of life, only through the 
principle of inheritance, and through natural selection 
which will destroy any individuals departing from the 
proper type. If the conditions of life change and the form 
undergoes modification, uniformity of character can be 
given to the modified offspring, solely by natural selection 
preserving similar favourable variations. 

Isolation also is an important element in the modification 
of species through natural selection. In a confined or 
isolated area, if not very large, the organic and inorganic 
conditions of life will generally be almost uniform; so that 
natural selection will tend to modify all the varying 
individuals of the same species in the same manner. 
Intercrossing with the inhabitants of the surrounding 
districts, will also be thus prevented. Moritz Wagner has 
lately published an interesting essay on this subject, and 
has shown that the service rendered by isolation in 
preventing crosses between newly-formed varieties is 
probably greater even than I supposed. But from reasons 
already assigned I can by no means agree with this 
naturalist, that migration and isolation are necessary 
elements for the formation of new species. The 
importance of isolation is likewise great in preventing, 
after any physical change in the conditions, such as of 
climate, elevation of the land, etc., the immigration of 
better adapted organisms; and thus new places in the 
natural economy of the district will be left open to be 
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filled up by the modification of the old inhabitants. Lastly, 
isolation will give time for a new variety to be improved at 
a slow rate; and this may sometimes be of much 
importance. If, however, an isolated area be very small, 
either from being surrounded by barriers, or from having 
very peculiar physical conditions, the total number of the 
inhabitants will be small; and this will retard the 
production of new species through natural selection, by 
decreasing the chances of favourable variations arising. 

The mere lapse of time by itself does nothing, either for 
or against natural selection. I state this because it has been 
erroneously asserted that the element of time has been 
assumed by me to play an all-important part in modifying 
species, as if all the forms of life were necessarily 
undergoing change through some innate law. Lapse of 
time is only so far important, and its importance in this 
respect is great, that it gives a better chance of beneficial 
variations arising and of their being selected, accumulated, 
and fixed. It likewise tends to increase the direct action of 
the physical conditions of life, in relation to the 
constitution of each organism. 

If we turn to nature to test the truth of these remarks, and 
look at any small isolated area, such as an oceanic island, 
although the number of the species inhabiting it is small, 
as we shall see in our chapter on Geographical 
Distribution; yet of these species a very large proportion 
are endemic,—that is, have been produced there and 
nowhere else in the world. Hence an oceanic island at first 
sight seems to have been highly favourable for the 
production of new species. But we may thus deceive 
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ourselves, for to ascertain whether a small isolated area, or 
a large open area like a continent, has been most 
favourable for the production of new organic forms, we 
ought to make the comparison within equal times; and 
this we are incapable of doing. 

Although isolation is of great importance in the 
production of new species, on the whole I am inclined to 
believe that largeness of area is still more important, 
especially for the production of species which shall prove 
capable of enduring for a long period, and of spreading 
widely. Throughout a great and open area, not only will 
there be a better chance of favourable variations, arising 
from the large number of individuals of the same species 
there supported, but the conditions of life are much more 
complex from the large number of already existing 
species; and if some of these many species become 
modified and improved, others will have to be improved 
in a corresponding degree, or they will be exterminated. 
Each new form, also, as soon as it has been much 
improved, will be able to spread over the open and 
continuous area, and will thus come into competition with 
many other forms. Moreover, great areas, though now 
continuous, will often, owing to former oscillations of 
level, have existed in a broken condition, so that the good 
effects of isolation will generally, to a certain extent, have 
concurred. Finally, I conclude that, although small isolated 
areas have been in some respects highly favourable for the 
production of new species, yet that the course of 
modification will generally have been more rapid on large 
areas; and what is more important, that the new forms 
produced on large areas, which already have been 
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victorious over many competitors, will be those that will 
spread most widely, and will give rise to the greatest 
number of new varieties and species. They will thus play a 
more important part in the changing history of the 
organic world. 

In accordance with this view, we can, perhaps, understand 
some facts which will be again alluded to in our chapter 
on Geographical Distribution; for instance, the fact of the 
productions of the smaller continent of Australia now 
yielding before those of the larger Europaeo-Asiatic area. 
Thus, also, it is that continental productions have 
everywhere become so largely naturalised on islands. On a 
small island, the race for life will have been less severe, 
and there will have been less modification and less 
extermination. Hence, we can understand how it is that 
the flora of Madeira, according to Oswald Heer, 
resembles to a certain extent the extinct tertiary flora of 
Europe. All fresh water basins, taken together, make a 
small area compared with that of the sea or of the land. 
Consequently, the competition between fresh water 
productions will have been less severe than elsewhere; 
new forms will have been more slowly produced, and old 
forms more slowly exterminated. And it is in fresh water 
basins that we find seven genera of Ganoid fishes, 
remnants of a once preponderant order: and in fresh 
water we find some of the most anomalous forms now 
known in the world, as the Ornithorhynchus and 
Lepidosiren, which, like fossils, connect to a certain extent 
orders at present widely separated in the natural scale. 
These anomalous forms may be called living fossils; they 
have endured to the present day, from having inhabited a 
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confined area, and from having been exposed to less 
varied, and therefore less severe, competition. 

To sum up, as far as the extreme intricacy of the subject 
permits, the circumstances favourable and unfavourable 
for the production of new species through natural 
selection. I conclude that for terrestrial productions a 
large continental area, which has undergone many 
oscillations of level, will have been the most favourable 
for the production of many new forms of life, fitted to 
endure for a long time and to spread widely. While the 
area existed as a continent the inhabitants will have been 
numerous in individuals and kinds, and will have been 
subjected to severe competition. When converted by 
subsidence into large separate islands there will still have 
existed many individuals of the same species on each 
island: intercrossing on the confines of the range of each 
new species will have been checked: after physical changes 
of any kind immigration will have been prevented, so that 
new places in the polity of each island will have had to be 
filled up by the modification of the old inhabitants; and 
time will have been allowed for the varieties in each to 
become well modified and perfected. When, by renewed 
elevation, the islands were reconverted into a continental 
area, there will again have been very severe competition; 
the most favoured or improved varieties will have been 
enabled to spread; there will have been much extinction 
of the less improved forms, and the relative proportional 
numbers of the various inhabitants of the reunited 
continent will again have been changed; and again there 
will have been a fair field for natural selection to improve 
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still further the inhabitants, and thus to produce new 
species. 

That natural selection generally act with extreme slowness 
I fully admit. It can act only when there are places in the 
natural polity of a district which can be better occupied by 
the modification of some of its existing inhabitants. The 
occurrence of such places will often depend on physical 
changes, which generally take place very slowly, and on 
the immigration of better adapted forms being prevented. 
As some few of the old inhabitants become modified the 
mutual relations of others will often be disturbed; and this 
will create new places, ready to be filled up by better 
adapted forms; but all this will take place very slowly. 
Although all the individuals of the same species differ in 
some slight degree from each other, it would often be 
long before differences of the right nature in various parts 
of the organisation might occur. The result would often 
be greatly retarded by free intercrossing. Many will 
exclaim that these several causes are amply sufficient to 
neutralise the power of natural selection. I do not believe 
so. But I do believe that natural selection will generally act 
very slowly, only at long intervals of time, and only on a 
few of the inhabitants of the same region. I further 
believe that these slow, intermittent results accord well 
with what geology tells us of the rate and manner at which 
the inhabitants of the world have changed. 

Slow though the process of selection may be, if feeble 
man can do much by artificial selection, I can see no limit 
to the amount of change, to the beauty and complexity of 
the coadaptations between all organic beings, one with 
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another and with their physical conditions of life, which 
may have been effected in the long course of time 
through nature's power of selection, that is by the survival 
of the fittest. 

EXTINCTION CAUSED BY NATURAL SELECTION. 

This subject will be more fully discussed in our chapter on 
Geology; but it must here be alluded to from being 
intimately connected with natural selection. Natural 
selection acts solely through the preservation of variations 
in some way advantageous, which consequently endure. 
Owing to the high geometrical rate of increase of all 
organic beings, each area is already fully stocked with 
inhabitants, and it follows from this, that as the favoured 
forms increase in number, so, generally, will the less 
favoured decrease and become rare. Rarity, as geology 
tells us, is the precursor to extinction. We can see that any 
form which is represented by few individuals will run a 
good chance of utter extinction, during great fluctuations 
in the nature or the seasons, or from a temporary increase 
in the number of its enemies. But we may go further than 
this; for as new forms are produced, unless we admit that 
specific forms can go on indefinitely increasing in 
number, many old forms must become extinct. That the 
number of specific forms has not indefinitely increased, 
geology plainly tells us; and we shall presently attempt to 
show why it is that the number of species throughout the 
world has not become immeasurably great. 

We have seen that the species which are most numerous 
in individuals have the best chance of producing 
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favourable variations within any given period. We have 
evidence of this, in the facts stated in the second chapter, 
showing that it is the common and diffused or dominant 
species which offer the greatest number of recorded 
varieties. Hence, rare species will be less quickly modified 
or improved within any given period; they will 
consequently be beaten in the race for life by the modified 
and improved descendants of the commoner species. 

From these several considerations I think it inevitably 
follows, that as new species in the course of time are 
formed through natural selection, others will become rarer 
and rarer, and finally extinct. The forms which stand in 
closest competition with those undergoing modification 
and improvement, will naturally suffer most. And we have 
seen in the chapter on the Struggle for Existence that it is 
the most closely-allied forms,—varieties of the same 
species, and species of the same genus or related 
genera,—which, from having nearly the same structure, 
constitution and habits, generally come into the severest 
competition with each other. Consequently, each new 
variety or species, during the progress of its formation, 
will generally press hardest on its nearest kindred, and 
tend to exterminate them. We see the same process of 
extermination among our domesticated productions, 
through the selection of improved forms by man. Many 
curious instances could be given showing how quickly 
new breeds of cattle, sheep and other animals, and 
varieties of flowers, take the place of older and inferior 
kinds. In Yorkshire, it is historically known that the 
ancient black cattle were displaced by the long-horns, and 
that these "were swept away by the short-horns" (I quote 
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the words of an agricultural writer) "as if by some 
murderous pestilence." 

DIVERGENCE OF CHARACTER. 

The principle, which I have designated by this term, is of 
high importance, and explains, as I believe, several 
important facts. In the first place, varieties, even strongly-
marked ones, though having somewhat of the character of 
species—as is shown by the hopeless doubts in many 
cases how to rank them—yet certainly differ far less from 
each other than do good and distinct species. 
Nevertheless according to my view, varieties are species in 
the process of formation, or are, as I have called them, 
incipient species. How, then, does the lesser difference 
between varieties become augmented into the greater 
difference between species? That this does habitually 
happen, we must infer from most of the innumerable 
species throughout nature presenting well-marked 
differences; whereas varieties, the supposed prototypes 
and parents of future well-marked species, present slight 
and ill-defined differences. Mere chance, as we may call it, 
might cause one variety to differ in some character from 
its parents, and the offspring of this variety again to differ 
from its parent in the very same character and in a greater 
degree; but this alone would never account for so habitual 
and large a degree of difference as that between the 
species of the same genus. 

As has always been my practice, I have sought light on 
this head from our domestic productions. We shall here 
find something analogous. It will be admitted that the 
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production of races so different as short-horn and 
Hereford cattle, race and cart horses, the several breeds of 
pigeons, etc., could never have been effected by the mere 
chance accumulation of similar variations during many 
successive generations. In practice, a fancier is, for 
instance, struck by a pigeon having a slightly shorter beak; 
another fancier is struck by a pigeon having a rather 
longer beak; and on the acknowledged principle that 
"fanciers do not and will not admire a medium standard, 
but like extremes," they both go on (as has actually 
occurred with the sub-breeds of the tumbler-pigeon) 
choosing and breeding from birds with longer and longer 
beaks, or with shorter and shorter beaks. Again, we may 
suppose that at an early period of history, the men of one 
nation or district required swifter horses, while those of 
another required stronger and bulkier horses. The early 
differences would be very slight; but, in the course of 
time, from the continued selection of swifter horses in the 
one case, and of stronger ones in the other, the 
differences would become greater, and would be noted as 
forming two sub-breeds. Ultimately after the lapse of 
centuries, these sub-breeds would become converted into 
two well-established and distinct breeds. As the 
differences became greater, the inferior animals with 
intermediate characters, being neither very swift nor very 
strong, would not have been used for breeding, and will 
thus have tended to disappear. Here, then, we see in 
man's productions the action of what may be called the 
principle of divergence, causing differences, at first barely 
appreciable, steadily to increase, and the breeds to diverge 
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in character, both from each other and from their 
common parent. 

But how, it may be asked, can any analogous principle 
apply in nature? I believe it can and does apply most 
efficiently (though it was a long time before I saw how), 
from the simple circumstance that the more diversified 
the descendants from any one species become in 
structure, constitution, and habits, by so much will they be 
better enabled to seize on many and widely diversified 
places in the polity of nature, and so be enabled to 
increase in numbers. 

We can clearly discern this in the case of animals with 
simple habits. Take the case of a carnivorous quadruped, 
of which the number that can be supported in any 
country has long ago arrived at its full average. If its 
natural power of increase be allowed to act, it can succeed 
in increasing (the country not undergoing any change in 
conditions) only by its varying descendants seizing on 
places at present occupied by other animals: some of 
them, for instance, being enabled to feed on new kinds of 
prey, either dead or alive; some inhabiting new stations, 
climbing trees, frequenting water, and some perhaps 
becoming less carnivorous. The more diversified in habits 
and structure the descendants of our carnivorous animals 
become, the more places they will be enabled to occupy. 
What applies to one animal will apply throughout all time 
to all animals—that is, if they vary—for otherwise natural 
selection can effect nothing. So it will be with plants. It 
has been experimentally proved, that if a plot of ground 
be sown with one species of grass, and a similar plot be 
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sown with several distinct genera of grasses, a greater 
number of plants and a greater weight of dry herbage can 
be raised in the latter than in the former case. The same 
has been found to hold good when one variety and 
several mixed varieties of wheat have been sown on equal 
spaces of ground. Hence, if any one species of grass were 
to go on varying, and the varieties were continually 
selected which differed from each other in the same 
manner, though in a very slight degree, as do the distinct 
species and genera of grasses, a greater number of 
individual plants of this species, including its modified 
descendants, would succeed in living on the same piece of 
ground. And we know that each species and each variety 
of grass is annually sowing almost countless seeds; and is 
thus striving, as it may be said, to the utmost to increase 
in number. Consequently, in the course of many thousand 
generations, the most distinct varieties of any one species 
of grass would have the best chance of succeeding and of 
increasing in numbers, and thus of supplanting the less 
distinct varieties; and varieties, when rendered very 
distinct from each other, take the rank of species. 

The truth of the principle that the greatest amount of life 
can be supported by great diversification of structure, is 
seen under many natural circumstances. In an extremely 
small area, especially if freely open to immigration, and 
where the contest between individual and individual must 
be very severe, we always find great diversity in its 
inhabitants. For instance, I found that a piece of turf, 
three feet by four in size, which had been exposed for 
many years to exactly the same conditions, supported 
twenty species of plants, and these belonged to eighteen 
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genera and to eight orders, which shows how much these 
plants differed from each other. So it is with the plants 
and insects on small and uniform islets: also in small 
ponds of fresh water. Farmers find that they can raise 
more food by a rotation of plants belonging to the most 
different orders: nature follows what may be called a 
simultaneous rotation. Most of the animals and plants 
which live close round any small piece of ground, could 
live on it (supposing its nature not to be in any way 
peculiar), and may be said to be striving to the utmost to 
live there; but, it is seen, that where they come into the 
closest competition, the advantages of diversification of 
structure, with the accompanying differences of habit and 
constitution, determine that the inhabitants, which thus 
jostle each other most closely, shall, as a general rule, 
belong to what we call different genera and orders. 

The same principle is seen in the naturalisation of plants 
through man's agency in foreign lands. It might have been 
expected that the plants which would succeed in 
becoming naturalised in any land would generally have 
been closely allied to the indigenes; for these are 
commonly looked at as specially created and adapted for 
their own country. It might also, perhaps, have been 
expected that naturalised plants would have belonged to a 
few groups more especially adapted to certain stations in 
their new homes. But the case is very different; and Alph. 
de Candolle has well remarked, in his great and admirable 
work, that floras gain by naturalisation, proportionally 
with the number of the native genera and species, far 
more in new genera than in new species. To give a single 
instance: in the last edition of Dr. Asa Gray's "Manual of 
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the Flora of the Northern United States," 260 naturalised 
plants are enumerated, and these belong to 162 genera. 
We thus see that these naturalised plants are of a highly 
diversified nature. They differ, moreover, to a large extent, 
from the indigenes, for out of the 162 naturalised genera, 
no less than 100 genera are not there indigenous, and thus 
a large proportional addition is made to the genera now 
living in the United States. 

By considering the nature of the plants or animals which 
have in any country struggled successfully with the 
indigenes, and have there become naturalised, we may 
gain some crude idea in what manner some of the natives 
would have had to be modified in order to gain an 
advantage over their compatriots; and we may at least 
infer that diversification of structure, amounting to new 
generic differences, would be profitable to them. 

The advantage of diversification of structure in the 
inhabitants of the same region is, in fact, the same as that 
of the physiological division of labour in the organs of the 
same individual body—a subject so well elucidated by 
Milne Edwards. No physiologist doubts that a stomach by 
being adapted to digest vegetable matter alone, or flesh 
alone, draws most nutriment from these substances. So in 
the general economy of any land, the more widely and 
perfectly the animals and plants are diversified for 
different habits of life, so will a greater number of 
individuals be capable of there supporting themselves. A 
set of animals, with their organisation but little diversified, 
could hardly compete with a set more perfectly diversified 
in structure. It may be doubted, for instance, whether the 
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Australian marsupials, which are divided into groups 
differing but little from each other, and feebly 
representing, as Mr. Waterhouse and others have 
remarked, our carnivorous, ruminant, and rodent 
mammals, could successfully compete with these well-
developed orders. In the Australian mammals, we see the 
process of diversification in an early and incomplete stage 
of development. 

THE PROBABLE EFFECTS OF THE ACTION OF NATURAL 

SELECTION THROUGH DIVERGENCE OF CHARACTER 

AND EXTINCTION, ON THE DESCENDANTS OF A 

COMMON ANCESTOR. 

After the foregoing discussion, which has been much 
compressed, we may assume that the modified 
descendants of any one species will succeed so much the 
better as they become more diversified in structure, and 
are thus enabled to encroach on places occupied by other 
beings. Now let us see how this principle of benefit being 
derived from divergence of character, combined with the 
principles of natural selection and of extinction, tends to 
act. 

The accompanying diagram will aid us in understanding 
this rather perplexing subject. Let A to L represent the 
species of a genus large in its own country; these species 
are supposed to resemble each other in unequal degrees, 
as is so generally the case in nature, and as is represented 
in the diagram by the letters standing at unequal distances. 
I have said a large genus, because as we saw in the second 
chapter, on an average more species vary in large genera 
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than in small genera; and the varying species of the large 
genera present a greater number of varieties. We have, 
also, seen that the species, which are the commonest and 
most widely-diffused, vary more than do the rare and 
restricted species. Let (A) be a common, widely-diffused, 
and varying species, belonging to a genus large in its own 
country. The branching and diverging dotted lines of 
unequal lengths proceeding from (A), may represent its 
varying offspring. The variations are supposed to be 
extremely slight, but of the most diversified nature; they 
are not supposed all to appear simultaneously, but often 
after long intervals of time; nor are they all supposed to 
endure for equal periods. Only those variations which are 
in some way profitable will be preserved or naturally 
selected. And here the importance of the principle of 
benefit derived from divergence of character comes in; for 
this will generally lead to the most different or divergent 
variations (represented by the outer dotted lines) being 
preserved and accumulated by natural selection. When a 
dotted line reaches one of the horizontal lines, and is 
there marked by a small numbered letter, a sufficient 
amount of variation is supposed to have been 
accumulated to form it into a fairly well-marked variety, 
such as would be thought worthy of record in a systematic 
work. 

The intervals between the horizontal lines in the diagram, 
may represent each a thousand or more generations. After 
a thousand generations, species (A) is supposed to have 
produced two fairly well-marked varieties, namely a1 and 
m1. These two varieties will generally still be exposed to 
the same conditions which made their parents variable, 
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and the tendency to variability is in itself hereditary; 
consequently they will likewise tend to vary, and 
commonly in nearly the same manner as did their parents. 
Moreover, these two varieties, being only slightly modified 
forms, will tend to inherit those advantages which made 
their parent (A) more numerous than most of the other 
inhabitants of the same country; they will also partake of 
those more general advantages which made the genus to 
which the parent-species belonged, a large genus in its 
own country. And all these circumstances are favourable 
to the production of new varieties. 

If, then, these two varieties be variable, the most 
divergent of their variations will generally be preserved 
during the next thousand generations. And after this 
interval, variety a1 is supposed in the diagram to have 
produced variety a2, which will, owing to the principle of 
divergence, differ more from (A) than did variety a1. 
Variety m1 is supposed to have produced two varieties, 
namely m2 and s2, differing from each other, and more 
considerably from their common parent (A). We may 
continue the process by similar steps for any length of 
time; some of the varieties, after each thousand 
generations, producing only a single variety, but in a more 
and more modified condition, some producing two or 
three varieties, and some failing to produce any. Thus the 
varieties or modified descendants of the common parent 
(A), will generally go on increasing in number and 
diverging in character. In the diagram the process is 
represented up to the ten-thousandth generation, and 
under a condensed and simplified form up to the 
fourteen-thousandth generation. 
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But I must here remark that I do not suppose that the 
process ever goes on so regularly as is represented in the 
diagram, though in itself made somewhat irregular, nor 
that it goes on continuously; it is far more probable that 
each form remains for long periods unaltered, and then 
again undergoes modification. Nor do I suppose that the 
most divergent varieties are invariably preserved: a 
medium form may often long endure, and may or may not 
produce more than one modified descendant; for natural 
selection will always act according to the nature of the 
places which are either unoccupied or not perfectly 
occupied by other beings; and this will depend on 
infinitely complex relations. But as a general rule, the 
more diversified in structure the descendants from any 
one species can be rendered, the more places they will be 
enabled to seize on, and the more their modified progeny 
will increase. In our diagram the line of succession is 
broken at regular intervals by small numbered letters 
marking the successive forms which have become 
sufficiently distinct to be recorded as varieties. But these 
breaks are imaginary, and might have been inserted 
anywhere, after intervals long enough to allow the 
accumulation of a considerable amount of divergent 
variation. 

As all the modified descendants from a common and 
widely-diffused species, belonging to a large genus, will 
tend to partake of the same advantages which made their 
parent successful in life, they will generally go on 
multiplying in number as well as diverging in character: 
this is represented in the diagram by the several divergent 
branches proceeding from (A). The modified offspring 
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from the later and more highly improved branches in the 
lines of descent, will, it is probable, often take the place 
of, and so destroy, the earlier and less improved branches: 
this is represented in the diagram by some of the lower 
branches not reaching to the upper horizontal lines. In 
some cases no doubt the process of modification will be 
confined to a single line of descent, and the number of 
modified descendants will not be increased; although the 
amount of divergent modification may have been 
augmented. This case would be represented in the 
diagram, if all the lines proceeding from (A) were 
removed, excepting that from a1 to a10. In the same way 
the English racehorse and English pointer have apparently 
both gone on slowly diverging in character from their 
original stocks, without either having given off any fresh 
branches or races. 

After ten thousand generations, species (A) is supposed to 
have produced three forms, a10, f10, and m10, which, 
from having diverged in character during the successive 
generations, will have come to differ largely, but perhaps 
unequally, from each other and from their common 
parent. If we suppose the amount of change between each 
horizontal line in our diagram to be excessively small, 
these three forms may still be only well-marked varieties; 
but we have only to suppose the steps in the process of 
modification to be more numerous or greater in amount, 
to convert these three forms into doubtful or at least into 
well-defined species: thus the diagram illustrates the steps 
by which the small differences distinguishing varieties are 
increased into the larger differences distinguishing species. 
By continuing the same process for a greater number of 
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generations (as shown in the diagram in a condensed and 
simplified manner), we get eight species, marked by the 
letters between a14 and m14, all descended from (A). 
Thus, as I believe, species are multiplied and genera are 
formed. 

In a large genus it is probable that more than one species 
would vary. In the diagram I have assumed that a second 
species (I) has produced, by analogous steps, after ten 
thousand generations, either two well-marked varieties 
(w10 and z10) or two species, according to the amount of 
change supposed to be represented between the 
horizontal lines. After fourteen thousand generations, six 
new species, marked by the letters n14 to z14, are 
supposed to have been produced. In any genus, the 
species which are already very different in character from 
each other, will generally tend to produce the greatest 
number of modified descendants; for these will have the 
best chance of seizing on new and widely different places 
in the polity of nature: hence in the diagram I have chosen 
the extreme species (A), and the nearly extreme species 
(I), as those which have largely varied, and have given rise 
to new varieties and species. The other nine species 
(marked by capital letters) of our original genus, may for 
long but unequal periods continue to transmit unaltered 
descendants; and this is shown in the diagram by the 
dotted lines unequally prolonged upwards. 

But during the process of modification, represented in the 
diagram, another of our principles, namely that of 
extinction, will have played an important part. As in each 
fully stocked country natural selection necessarily acts by 
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the selected form having some advantage in the struggle 
for life over other forms, there will be a constant tendency 
in the improved descendants of any one species to 
supplant and exterminate in each stage of descent their 
predecessors and their original progenitor. For it should 
be remembered that the competition will generally be 
most severe between those forms which are most nearly 
related to each other in habits, constitution and structure. 
Hence all the intermediate forms between the earlier and 
later states, that is between the less and more improved 
states of a the same species, as well as the original parent-
species itself, will generally tend to become extinct. So it 
probably will be with many whole collateral lines of 
descent, which will be conquered by later and improved 
lines. If, however, the modified offspring of a species get 
into some distinct country, or become quickly adapted to 
some quite new station, in which offspring and progenitor 
do not come into competition, both may continue to 
exist. 

If, then, our diagram be assumed to represent a 
considerable amount of modification, species (A) and all 
the earlier varieties will have become extinct, being 
replaced by eight new species (a14 to m14); and species (I) 
will be replaced by six (n14 to z14) new species. 

But we may go further than this. The original species of 
our genus were supposed to resemble each other in 
unequal degrees, as is so generally the case in nature; 
species (A) being more nearly related to B, C, and D than 
to the other species; and species (I) more to G, H, K, L, 
than to the others. These two species (A and I), were also 
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supposed to be very common and widely diffused species, 
so that they must originally have had some advantage over 
most of the other species of the genus. Their modified 
descendants, fourteen in number at the fourteen-
thousandth generation, will probably have inherited some 
of the same advantages: they have also been modified and 
improved in a diversified manner at each stage of descent, 
so as to have become adapted to many related places in 
the natural economy of their country. It seems, therefore, 
extremely probable that they will have taken the places of, 
and thus exterminated, not only their parents (A) and (I), 
but likewise some of the original species which were most 
nearly related to their parents. Hence very few of the 
original species will have transmitted offspring to the 
fourteen-thousandth generation. We may suppose that 
only one (F) of the two species (E and F) which were least 
closely related to the other nine original species, has 
transmitted descendants to this late stage of descent. 

The new species in our diagram, descended from the 
original eleven species, will now be fifteen in number. 
Owing to the divergent tendency of natural selection, the 
extreme amount of difference in character between 
species a14 and z14 will be much greater than that 
between the most distinct of the original eleven species. 
The new species, moreover, will be allied to each other in 
a widely different manner. Of the eight descendants from 
(A) the three marked a14, q14, p14, will be nearly related
from having recently branched off from a10; b14 and f14, 
from having diverged at an earlier period from a5, will be 
in some degree distinct from the three first-named 
species; and lastly, o14, e14, and m14, will be nearly 
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related one to the other, but, from having diverged at the 
first commencement of the process of modification, will 
be widely different from the other five species, and may 
constitute a sub-genus or a distinct genus. 

The six descendants from (I) will form two sub-genera or 
genera. But as the original species (I) differed largely from 
(A), standing nearly at the extreme end of the original 
genus, the six descendants from (I) will, owing to 
inheritance alone, differ considerably from the eight 
descendants from (A); the two groups, moreover, are 
supposed to have gone on diverging in different 
directions. The intermediate species, also (and this is a 
very important consideration), which connected the 
original species (A) and (I), have all become, except (F), 
extinct, and have left no descendants. Hence the six new 
species descended from (I), and the eight descendants 
from (A), will have to be ranked as very distinct genera, or 
even as distinct sub-families. 

Thus it is, as I believe, that two or more genera are 
produced by descent with modification, from two or 
more species of the same genus. And the two or more 
parent-species are supposed to be descended from some 
one species of an earlier genus. In our diagram this is 
indicated by the broken lines beneath the capital letters, 
converging in sub-branches downwards towards a single 
point; this point represents a species, the supposed 
progenitor of our several new sub-genera and genera. 

It is worth while to reflect for a moment on the character 
of the new species F14, which is supposed not to have 
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diverged much in character, but to have retained the form 
of (F), either unaltered or altered only in a slight degree. 
In this case its affinities to the other fourteen new species 
will be of a curious and circuitous nature. Being 
descended from a form that stood between the parent-
species (A) and (I), now supposed to be extinct and 
unknown, it will be in some degree intermediate in 
character between the two groups descended from these 
two species. But as these two groups have gone on 
diverging in character from the type of their parents, the 
new species (F14) will not be directly intermediate 
between them, but rather between types of the two 
groups; and every naturalist will be able to call such cases 
before his mind. 

In the diagram each horizontal line has hitherto been 
supposed to represent a thousand generations, but each 
may represent a million or more generations; it may also 
represent a section of the successive strata of the earth's 
crust including extinct remains. We shall, when we come 
to our chapter on geology, have to refer again to this 
subject, and I think we shall then see that the diagram 
throws light on the affinities of extinct beings, which, 
though generally belonging to the same orders, families, 
or genera, with those now living, yet are often, in some 
degree, intermediate in character between existing groups; 
and we can understand this fact, for the extinct species 
lived at various remote epochs when the branching lines 
of descent had diverged less. 

I see no reason to limit the process of modification, as 
now explained, to the formation of genera alone. If, in the 
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diagram, we suppose the amount of change represented 
by each successive group of diverging dotted lines to be 
great, the forms marked a14 to p14, those marked b14 
and f14, and those marked o14 to m14, will form three 
very distinct genera. We shall also have two very distinct 
genera descended from (I), differing widely from the 
descendants of (A). These two groups of genera will thus 
form two distinct families, or orders, according to the 
amount of divergent modification supposed to be 
represented in the diagram. And the two new families, or 
orders, are descended from two species of the original 
genus; and these are supposed to be descended from 
some still more ancient and unknown form. 

We have seen that in each country it is the species 
belonging to the larger genera which oftenest present 
varieties or incipient species. This, indeed, might have 
been expected; for as natural selection acts through one 
form having some advantage over other forms in the 
struggle for existence, it will chiefly act on those which 
already have some advantage; and the largeness of any 
group shows that its species have inherited from a 
common ancestor some advantage in common. Hence, 
the struggle for the production of new and modified 
descendants will mainly lie between the larger groups, 
which are all trying to increase in number. One large 
group will slowly conquer another large group, reduce its 
number, and thus lessen its chance of further variation 
and improvement. Within the same large group, the later 
and more highly perfected sub-groups, from branching 
out and seizing on many new places in the polity of 
nature, will constantly tend to supplant and destroy the 
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earlier and less improved sub-groups. Small and broken 
groups and sub-groups will finally disappear. Looking to 
the future, we can predict that the groups of organic 
beings which are now large and triumphant, and which are 
least broken up, that is, which have as yet suffered least 
extinction, will, for a long period, continue to increase. 
But which groups will ultimately prevail, no man can 
predict; for we know that many groups, formerly most 
extensively developed, have now become extinct. Looking 
still more remotely to the future, we may predict that, 
owing to the continued and steady increase of the larger 
groups, a multitude of smaller groups will become utterly 
extinct, and leave no modified descendants; and 
consequently that, of the species living at any one period, 
extremely few will transmit descendants to a remote 
futurity. I shall have to return to this subject in the 
chapter on classification, but I may add that as, according 
to this view, extremely few of the more ancient species 
have transmitted descendants to the present day, and, as 
all the descendants of the same species form a class, we 
can understand how it is that there exist so few classes in 
each main division of the animal and vegetable kingdoms. 
Although few of the most ancient species have left 
modified descendants, yet, at remote geological periods, 
the earth may have been almost as well peopled with 
species of many genera, families, orders and classes, as at 
the present day. 
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ON THE DEGREE TO WHICH ORGANISATION TENDS TO 

ADVANCE. 

Natural selection acts exclusively by the preservation and 
accumulation of variations, which are beneficial under the 
organic and inorganic conditions to which each creature is 
exposed at all periods of life. The ultimate result is that 
each creature tends to become more and more improved 
in relation to its conditions. This improvement inevitably 
leads to the gradual advancement of the organisation of 
the greater number of living beings throughout the world. 
But here we enter on a very intricate subject, for 
naturalists have not defined to each other's satisfaction 
what is meant by an advance in organisation. Among the 
vertebrata the degree of intellect and an approach in 
structure to man clearly come into play. It might be 
thought that the amount of change which the various 
parts and organs pass through in their development from 
embryo to maturity would suffice as a standard of 
comparison; but there are cases, as with certain parasitic 
crustaceans, in which several parts of the structure 
become less perfect, so that the mature animal cannot be 
called higher than its larva. Von Baer's standard seems the 
most widely applicable and the best, namely, the amount 
of differentiation of the parts of the same organic being, 
in the adult state, as I should be inclined to add, and their 
specialisation for different functions; or, as Milne 
Edwards would express it, the completeness of the 
division of physiological labour. But we shall see how 
obscure this subject is if we look, for instance, to fishes, 
among which some naturalists rank those as highest 
which, like the sharks, approach nearest to amphibians; 
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while other naturalists rank the common bony or 
teleostean fishes as the highest, inasmuch as they are most 
strictly fish-like, and differ most from the other vertebrate 
classes. We see still more plainly the obscurity of the 
subject by turning to plants, among which the standard of 
intellect is of course quite excluded; and here some 
botanists rank those plants as highest which have every 
organ, as sepals, petals, stamens and pistils, fully 
developed in each flower; whereas other botanists, 
probably with more truth, look at the plants which have 
their several organs much modified and reduced in 
number as the highest. 

If we take as the standard of high organisation, the 
amount of differentiation and specialisation of the several 
organs in each being when adult (and this will include the 
advancement of the brain for intellectual purposes), 
natural selection clearly leads towards this standard: for all 
physiologists admit that the specialisation of organs, 
inasmuch as in this state they perform their functions 
better, is an advantage to each being; and hence the 
accumulation of variations tending towards specialisation 
is within the scope of natural selection. On the other 
hand, we can see, bearing in mind that all organic beings 
are striving to increase at a high ratio and to seize on 
every unoccupied or less well occupied place in the 
economy of nature, that it is quite possible for natural 
selection gradually to fit a being to a situation in which 
several organs would be superfluous or useless: in such 
cases there would be retrogression in the scale of 
organisation. Whether organisation on the whole has 
actually advanced from the remotest geological periods to 
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the present day will be more conveniently discussed in our 
chapter on Geological Succession. 

But it may be objected that if all organic beings thus tend 
to rise in the scale, how is it that throughout the world a 
multitude of the lowest forms still exist; and how is it that 
in each great class some forms are far more highly 
developed than others? Why have not the more highly 
developed forms everywhere supplanted and exterminated 
the lower? Lamarck, who believed in an innate and 
inevitable tendency towards perfection in all organic 
beings, seems to have felt this difficulty so strongly that 
he was led to suppose that new and simple forms are 
continually being produced by spontaneous generation. 
Science has not as yet proved the truth of this belief, 
whatever the future may reveal. On our theory the 
continued existence of lowly organisms offers no 
difficulty; for natural selection, or the survival of the 
fittest, does not necessarily include progressive 
development—it only takes advantage of such variations 
as arise and are beneficial to each creature under its 
complex relations of life. And it may be asked what 
advantage, as far as we can see, would it be to an 
infusorian animalcule—to an intestinal worm—or even to 
an earth-worm, to be highly organised. If it were no 
advantage, these forms would be left, by natural selection, 
unimproved or but little improved, and might remain for 
indefinite ages in their present lowly condition. And 
geology tells us that some of the lowest forms, as the 
infusoria and rhizopods, have remained for an enormous 
period in nearly their present state. But to suppose that 
most of the many now existing low forms have not in the 
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least advanced since the first dawn of life would be 
extremely rash; for every naturalist who has dissected 
some of the beings now ranked as very low in the scale, 
must have been struck with their really wondrous and 
beautiful organisation. 

Nearly the same remarks are applicable, if we look to the 
different grades of organisation within the same great 
group; for instance, in the vertebrata, to the co-existence 
of mammals and fish—among mammalia, to the co-
existence of man and the ornithorhynchus—among 
fishes, to the co-existence of the shark and the lancelet 
(Amphioxus), which latter fish in the extreme simplicity 
of its structure approaches the invertebrate classes. But 
mammals and fish hardly come into competition with 
each other; the advancement of the whole class of 
mammals, or of certain members in this class, to the 
highest grade would not lead to their taking the place of 
fishes. Physiologists believe that the brain must be bathed 
by warm blood to be highly active, and this requires aerial 
respiration; so that warm-blooded mammals when 
inhabiting the water lie under a disadvantage in having to 
come continually to the surface to breathe. With fishes, 
members of the shark family would not tend to supplant 
the lancelet; for the lancelet, as I hear from Fritz Muller, 
has as sole companion and competitor on the barren 
sandy shore of South Brazil, an anomalous annelid. The 
three lowest orders of mammals, namely, marsupials, 
edentata, and rodents, co-exist in South America in the 
same region with numerous monkeys, and probably 
interfere little with each other. Although organisation, on 
the whole, may have advanced and be still advancing 
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throughout the world, yet the scale will always present 
many degrees of perfection; for the high advancement of 
certain whole classes, or of certain members of each class, 
does not at all necessarily lead to the extinction of those 
groups with which they do not enter into close 
competition. In some cases, as we shall hereafter see, 
lowly organised forms appear to have been preserved to 
the present day, from inhabiting confined or peculiar 
stations, where they have been subjected to less severe 
competition, and where their scanty numbers have 
retarded the chance of favourable variations arising. 

Finally, I believe that many lowly organised forms now 
exist throughout the world, from various causes. In some 
cases variations or individual differences of a favourable 
nature may never have arisen for natural selection to act 
on and accumulate. In no case, probably, has time 
sufficed for the utmost possible amount of development. 
In some few cases there has been what we must call 
retrogression or organisation. But the main cause lies in 
the fact that under very simple conditions of life a high 
organisation would be of no service—possibly would be 
of actual disservice, as being of a more delicate nature, 
and more liable to be put out of order and injured. 

Looking to the first dawn of life, when all organic beings, 
as we may believe, presented the simplest structure, how, 
it has been asked, could the first step in the advancement 
or differentiation of parts have arisen? Mr. Herbert 
Spencer would probably answer that, as soon as simple 
unicellular organisms came by growth or division to be 
compounded of several cells, or became attached to any 
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supporting surface, his law "that homologous units of any 
order become differentiated in proportion as their 
relations to incident forces become different" would come 
into action. But as we have no facts to guide us, 
speculation on the subject is almost useless. It is, however, 
an error to suppose that there would be no struggle for 
existence, and, consequently, no natural selection, until 
many forms had been produced: variations in a single 
species inhabiting an isolated station might be beneficial, 
and thus the whole mass of individuals might be 
modified, or two distinct forms might arise. But, as I 
remarked towards the close of the introduction, no one 
ought to feel surprise at much remaining as yet 
unexplained on the origin of species, if we make due 
allowance for our profound ignorance on the mutual 
relations of the inhabitants of the world at the present 
time, and still more so during past ages. 

CONVERGENCE OF CHARACTER. 

Mr. H.C. Watson thinks that I have overrated the 
importance of divergence of character (in which, however, 
he apparently believes), and that convergence, as it may be 
called, has likewise played a part. If two species belonging 
to two distinct though allied genera, had both produced a 
large number of new and divergent forms, it is 
conceivable that these might approach each other so 
closely that they would have all to be classed under the 
same genus; and thus the descendants of two distinct 
genera would converge into one. But it would in most 
cases be extremely rash to attribute to convergence a close 
and general similarity of structure in the modified 
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descendants of widely distinct forms. The shape of a 
crystal is determined solely by the molecular forces, and it 
is not surprising that dissimilar substances should 
sometimes assume the same form; but with organic beings 
we should bear in mind that the form of each depends on 
an infinitude of complex relations, namely on the 
variations which have arisen, these being due to causes far 
too intricate to be followed out—on the nature of the 
variations which have been preserved or selected, and this 
depends on the surrounding physical conditions, and in a 
still higher degree on the surrounding organisms with 
which each being has come into competition—and lastly, 
on inheritance (in itself a fluctuating element) from 
innumerable progenitors, all of which have had their 
forms determined through equally complex relations. It is 
incredible that the descendants of two organisms, which 
had originally differed in a marked manner, should ever 
afterwards converge so closely as to lead to a near 
approach to identity throughout their whole organisation. 
If this had occurred, we should meet with the same form, 
independently of genetic connection, recurring in widely 
separated geological formations; and the balance of 
evidence is opposed to any such an admission. 

Mr. Watson has also objected that the continued action of 
natural selection, together with divergence of character, 
would tend to make an indefinite number of specific 
forms. As far as mere inorganic conditions are concerned, 
it seems probable that a sufficient number of species 
would soon become adapted to all considerable diversities 
of heat, moisture, etc.; but I fully admit that the mutual 
relations of organic beings are more important; and as the 
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number of species in any country goes on increasing, the 
organic conditions of life must become more and more 
complex. Consequently there seems at first no limit to the 
amount of profitable diversification of structure, and 
therefore no limit to the number of species which might 
be produced. We do not know that even the most prolific 
area is fully stocked with specific forms: at the Cape of 
Good Hope and in Australia, which support such an 
astonishing number of species, many European plants 
have become naturalised. But geology shows us, that from 
an early part of the tertiary period the number of species 
of shells, and that from the middle part of this same 
period, the number of mammals has not greatly or at all 
increased. What then checks an indefinite increase in the 
number of species? The amount of life (I do not mean the 
number of specific forms) supported on an area must 
have a limit, depending so largely as it does on physical 
conditions; therefore, if an area be inhabited by very many 
species, each or nearly each species will be represented by 
few individuals; and such species will be liable to 
extermination from accidental fluctuations in the nature 
of the seasons or in the number of their enemies. The 
process of extermination in such cases would be rapid, 
whereas the production of new species must always be 
slow. Imagine the extreme case of as many species as 
individuals in England, and the first severe winter or very 
dry summer would exterminate thousands on thousands 
of species. Rare species, and each species will become rare 
if the number of species in any country becomes 
indefinitely increased, will, on the principal often 
explained, present within a given period few favourable 
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variations; consequently, the process of giving birth to 
new specific forms would thus be retarded. When any 
species becomes very rare, close interbreeding will help to 
exterminate it; authors have thought that this comes into 
play in accounting for the deterioration of the aurochs in 
Lithuania, of red deer in Scotland and of bears in Norway, 
etc. Lastly, and this I am inclined to think is the most 
important element, a dominant species, which has already 
beaten many competitors in its own home, will tend to 
spread and supplant many others. Alph. de Candolle has 
shown that those species which spread widely tend 
generally to spread VERY widely, consequently they will 
tend to supplant and exterminate several species in several 
areas, and thus check the inordinate increase of specific 
forms throughout the world. Dr. Hooker has recently 
shown that in the southeast corner of Australia, where, 
apparently, there are many invaders from different 
quarters of the globe, the endemic Australian species have 
been greatly reduced in number. How much weight to 
attribute to these several considerations I will not pretend 
to say; but conjointly they must limit in each country the 
tendency to an indefinite augmentation of specific forms. 

SUMMARY OF CHAPTER. 

If under changing conditions of life organic beings 
present individual differences in almost every part of their 
structure, and this cannot be disputed; if there be, owing 
to their geometrical rate of increase, a severe struggle for 
life at some age, season or year, and this certainly cannot 
be disputed; then, considering the infinite complexity of 
the relations of all organic beings to each other and to 



EVOLUTION, CONSCIOUSNESS, AND REFLECTIONS 

96 

their conditions of life, causing an infinite diversity in 
structure, constitution, and habits, to be advantageous to 
them, it would be a most extraordinary fact if no 
variations had ever occurred useful to each being's own 
welfare, in the same manner as so many variations have 
occurred useful to man. But if variations useful to any 
organic being ever do occur, assuredly individuals thus 
characterised will have the best chance of being preserved 
in the struggle for life; and from the strong principle of 
inheritance, these will tend to produce offspring similarly 
characterised. This principle of preservation, or the 
survival of the fittest, I have called natural selection. It 
leads to the improvement of each creature in relation to 
its organic and inorganic conditions of life; and 
consequently, in most cases, to what must be regarded as 
an advance in organisation. Nevertheless, low and simple 
forms will long endure if well fitted for their simple 
conditions of life. 

Natural selection, on the principle of qualities being 
inherited at corresponding ages, can modify the egg, seed, 
or young as easily as the adult. Among many animals 
sexual selection will have given its aid to ordinary 
selection by assuring to the most vigorous and best 
adapted males the greatest number of offspring. Sexual 
selection will also give characters useful to the males alone 
in their struggles or rivalry with other males; and these 
characters will be transmitted to one sex or to both sexes, 
according to the form of inheritance which prevails. 

Whether natural selection has really thus acted in adapting 
the various forms of life to their several conditions and 
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stations, must be judged by the general tenour and 
balance of evidence given in the following chapters. But 
we have already seen how it entails extinction; and how 
largely extinction has acted in the world's history, geology 
plainly declares. Natural selection, also, leads to 
divergence of character; for the more organic beings 
diverge in structure, habits and constitution, by so much 
the more can a large number be supported on the area, of 
which we see proof by looking to the inhabitants of any 
small spot, and to the productions naturalised in foreign 
lands. Therefore, during the modification of the 
descendants of any one species, and during the incessant 
struggle of all species to increase in numbers, the more 
diversified the descendants become, the better will be 
their chance of success in the battle for life. Thus the 
small differences distinguishing varieties of the same 
species, steadily tend to increase, till they equal the greater 
differences between species of the same genus, or even of 
distinct genera. 

We have seen that it is the common, the widely diffused, 
and widely ranging species, belonging to the larger genera 
within each class, which vary most; and these tend to 
transmit to their modified offspring that superiority which 
now makes them dominant in their own countries. 
Natural selection, as has just been remarked, leads to 
divergence of character and to much extinction of the less 
improved and intermediate forms of life. On these 
principles, the nature of the affinities, and the generally 
well defined distinctions between the innumerable organic 
beings in each class throughout the world, may be 
explained. It is a truly wonderful fact—the wonder of 
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which we are apt to overlook from familiarity—that all 
animals and all plants throughout all time and space 
should be related to each other in groups, subordinate to 
groups, in the manner which we everywhere behold—
namely, varieties of the same species most closely related, 
species of the same genus less closely and unequally 
related, forming sections and sub-genera, species of 
distinct genera much less closely related, and genera 
related in different degrees, forming sub-families, families, 
orders, sub-classes, and classes. The several subordinate 
groups in any class cannot be ranked in a single file, but 
seem clustered round points, and these round other 
points, and so on in almost endless cycles. If species had 
been independently created, no explanation would have 
been possible of this kind of classification; but it is 
explained through inheritance and the complex action of 
natural selection, entailing extinction and divergence of 
character, as we have seen illustrated in the diagram. 

The affinities of all the beings of the same class have 
sometimes been represented by a great tree. I believe this 
simile largely speaks the truth. The green and budding 
twigs may represent existing species; and those produced 
during former years may represent the long succession of 
extinct species. At each period of growth all the growing 
twigs have tried to branch out on all sides, and to overtop 
and kill the surrounding twigs and branches, in the same 
manner as species and groups of species have at all times 
overmastered other species in the great battle for life. The 
limbs divided into great branches, and these into lesser 
and lesser branches, were themselves once, when the tree 
was young, budding twigs; and this connexion of the 
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former and present buds by ramifying branches may well 
represent the classification of all extinct and living species 
in groups subordinate to groups. Of the many twigs 
which flourished when the tree was a mere bush, only two 
or three, now grown into great branches, yet survive and 
bear the other branches; so with the species which lived 
during long-past geological periods, very few have left 
living and modified descendants. From the first growth of 
the tree, many a limb and branch has decayed and 
dropped off; and these fallen branches of various sizes 
may represent those whole orders, families, and genera 
which have now no living representatives, and which are 
known to us only in a fossil state. As we here and there 
see a thin, straggling branch springing from a fork low 
down in a tree, and which by some chance has been 
favoured and is still alive on its summit, so we 
occasionally see an animal like the Ornithorhynchus or 
Lepidosiren, which in some small degree connects by its 
affinities two large branches of life, and which has 
apparently been saved from fatal competition by having 
inhabited a protected station. As buds give rise by growth 
to fresh buds, and these, if vigorous, branch out and 
overtop on all sides many a feebler branch, so by 
generation I believe it has been with the great Tree of 
Life, which fills with its dead and broken branches the 
crust of the earth, and covers the surface with its ever-
branching and beautiful ramifications. 
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CONCLUSION 

As this whole volume is one long argument, it may be 
convenient to the reader to have the leading facts and 
inferences briefly recapitulated. 

That many and serious objections may be advanced 
against the theory of descent with modification through 
variation and natural selection, I do not deny. I have 
endeavoured to give to them their full force. Nothing at 
first can appear more difficult to believe than that the 
more complex organs and instincts have been perfected, 
not by means superior to, though analogous with, human 
reason, but by the accumulation of innumerable slight 
variations, each good for the individual possessor. 
Nevertheless, this difficulty, though appearing to our 
imagination insuperably great, cannot be considered real if 
we admit the following propositions, namely, that all parts 
of the organisation and instincts offer, at least individual 
differences—that there is a struggle for existence leading 
to the preservation of profitable deviations of structure or 
instinct—and, lastly, that gradations in the state of 
perfection of each organ may have existed, each good of 
its kind. The truth of these propositions cannot, I think, 
be disputed. 

It is, no doubt, extremely difficult even to conjecture by 
what gradations many structures have been perfected, 
more especially among broken and failing groups of 
organic beings, which have suffered much extinction; but 
we see so many strange gradations in nature, that we 
ought to be extremely cautious in saying that any organ or 
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instinct, or any whole structure, could not have arrived at 
its present state by many graduated steps. There are, it 
must be admitted, cases of special difficulty opposed to 
the theory of natural selection; and one of the most 
curious of these is the existence in the same community 
of two or three defined castes of workers or sterile female 
ants; but I have attempted to show how these difficulties 
can be mastered. 

With respect to the almost universal sterility of species 
when first crossed, which forms so remarkable a contrast 
with the almost universal fertility of varieties when 
crossed, I must refer the reader to the recapitulation of 
the facts given at the end of the ninth chapter, which 
seem to me conclusively to show that this sterility is no 
more a special endowment than is the incapacity of two 
distinct kinds of trees to be grafted together; but that it is 
incidental on differences confined to the reproductive 
systems of the intercrossed species. We see the truth of 
this conclusion in the vast difference in the results of 
crossing the same two species reciprocally—that is, when 
one species is first used as the father and then as the 
mother. Analogy from the consideration of dimorphic 
and trimorphic plants clearly leads to the same conclusion, 
for when the forms are illegitimately united, they yield few 
or no seed, and their offspring are more or less sterile; and 
these forms belong to the same undoubted species, and 
differ from each other in no respect except in their 
reproductive organs and functions. 

Although the fertility of varieties when intercrossed, and 
of their mongrel offspring, has been asserted by so many 
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authors to be universal, this cannot be considered as quite 
correct after the facts given on the high authority of 
Gartner and Kolreuter. Most of the varieties which have 
been experimented on have been produced under 
domestication; and as domestication (I do not mean mere 
confinement) almost certainly tends to eliminate that 
sterility which, judging from analogy, would have affected 
the parent-species if intercrossed, we ought not to expect 
that domestication would likewise induce sterility in their 
modified descendants when crossed. This elimination of 
sterility apparently follows from the same cause which 
allows our domestic animals to breed freely under 
diversified circumstances; and this again apparently 
follows from their having been gradually accustomed to 
frequent changes in their conditions of life. 

A double and parallel series of facts seems to throw much 
light on the sterility of species, when first crossed, and of 
their hybrid offspring. On the one side, there is good 
reason to believe that slight changes in the conditions of 
life give vigour and fertility to all organic beings. We know 
also that a cross between the distinct individuals of the 
same variety, and between distinct varieties, increases the 
number of their offspring, and certainly gives to them 
increased size and vigour. This is chiefly owing to the 
forms which are crossed having been exposed to 
somewhat different conditions of life; for I have 
ascertained by a labourious series of experiments that if all 
the individuals of the same variety be subjected during 
several generations to the same conditions, the good 
derived from crossing is often much diminished or wholly 
disappears. This is one side of the case. On the other side, 
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we know that species which have long been exposed to 
nearly uniform conditions, when they are subjected under 
confinement to new and greatly changed conditions, 
either perish, or if they survive, are rendered sterile, 
though retaining perfect health. This does not occur, or 
only in a very slight degree, with our domesticated 
productions, which have long been exposed to fluctuating 
conditions. Hence when we find that hybrids produced by 
a cross between two distinct species are few in number, 
owing to their perishing soon after conception or at a very 
early age, or if surviving that they are rendered more or 
less sterile, it seems highly probable that this result is due 
to their having been in fact subjected to a great change in 
their conditions of life, from being compounded of two 
distinct organisations. He who will explain in a definite 
manner why, for instance, an elephant or a fox will not 
breed under confinement in its native country, whilst the 
domestic pig or dog will breed freely under the most 
diversified conditions, will at the same time be able to give 
a definite answer to the question why two distinct species, 
when crossed, as well as their hybrid offspring, are 
generally rendered more or less sterile, while two 
domesticated varieties when crossed and their mongrel 
offspring are perfectly fertile. 

Turning to geographical distribution, the difficulties 
encountered on the theory of descent with modification 
are serious enough. All the individuals of the same 
species, and all the species of the same genus, or even 
higher group, are descended from common parents; and 
therefore, in however distant and isolated parts of the 
world they may now be found, they must in the course of 
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successive generations have travelled from some one 
point to all the others. We are often wholly unable even to 
conjecture how this could have been effected. Yet, as we 
have reason to believe that some species have retained the 
same specific form for very long periods of time, 
immensely long as measured by years, too much stress 
ought not to be laid on the occasional wide diffusion of 
the same species; for during very long periods there will 
always have been a good chance for wide migration by 
many means. A broken or interrupted range may often be 
accounted for by the extinction of the species in the 
intermediate regions. It cannot be denied that we are as 
yet very ignorant as to the full extent of the various 
climatical and geographical changes which have affected 
the earth during modern periods; and such changes will 
often have facilitated migration. As an example, I have 
attempted to show how potent has been the influence of 
the Glacial period on the distribution of the same and of 
allied species throughout the world. We are as yet 
profoundly ignorant of the many occasional means of 
transport. With respect to distinct species of the same 
genus, inhabiting distant and isolated regions, as the 
process of modification has necessarily been slow, all the 
means of migration will have been possible during a very 
long period; and consequently the difficulty of the wide 
diffusion of the species of the same genus is in some 
degree lessened. 

As according to the theory of natural selection an 
interminable number of intermediate forms must have 
existed, linking together all the species in each group by 
gradations as fine as our existing varieties, it may be asked, 
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Why do we not see these linking forms all around us? 
Why are not all organic beings blended together in an 
inextricable chaos? With respect to existing forms, we 
should remember that we have no right to expect 
(excepting in rare cases) to discover DIRECTLY 
connecting links between them, but only between each 
and some extinct and supplanted form. Even on a wide 
area, which has during a long period remained 
continuous, and of which the climatic and other 
conditions of life change insensibly in proceeding from a 
district occupied by one species into another district 
occupied by a closely allied species, we have no just right 
to expect often to find intermediate varieties in the 
intermediate zones. For we have reason to believe that 
only a few species of a genus ever undergo change; the 
other species becoming utterly extinct and leaving no 
modified progeny. Of the species which do change, only a 
few within the same country change at the same time; and 
all modifications are slowly effected. I have also shown 
that the intermediate varieties which probably at first 
existed in the intermediate zones, would be liable to be 
supplanted by the allied forms on either hand; for the 
latter, from existing in greater numbers, would generally 
be modified and improved at a quicker rate than the 
intermediate varieties, which existed in lesser numbers; so 
that the intermediate varieties would, in the long run, be 
supplanted and exterminated. 

On this doctrine of the extermination of an infinitude of 
connecting links, between the living and extinct 
inhabitants of the world, and at each successive period 
between the extinct and still older species, why is not 



DARWIN 101 

107 

every geological formation charged with such links? Why 
does not every collection of fossil remains afford plain 
evidence of the gradation and mutation of the forms of 
life? Although geological research has undoubtedly 
revealed the former existence of many links, bringing 
numerous forms of life much closer together, it does not 
yield the infinitely many fine gradations between past and 
present species required on the theory, and this is the 
most obvious of the many objections which may be urged 
against it. Why, again, do whole groups of allied species 
appear, though this appearance is often false, to have 
come in suddenly on the successive geological stages? 
Although we now know that organic beings appeared on 
this globe, at a period incalculably remote, long before the 
lowest bed of the Cambrian system was deposited, why 
do we not find beneath this system great piles of strata 
stored with the remains of the progenitors of the 
Cambrian fossils? For on the theory, such strata must 
somewhere have been deposited at these ancient and 
utterly unknown epochs of the world's history. 

I can answer these questions and objections only on the 
supposition that the geological record is far more 
imperfect than most geologists believe. The number of 
specimens in all our museums is absolutely as nothing 
compared with the countless generations of countless 
species which have certainly existed. The parent form of 
any two or more species would not be in all its characters 
directly intermediate between its modified offspring, any 
more than the rock-pigeon is directly intermediate in crop 
and tail between its descendants, the pouter and fantail 
pigeons. We should not be able to recognise a species as 
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the parent of another and modified species, if we were to 
examine the two ever so closely, unless we possessed 
most of the intermediate links; and owing to the 
imperfection of the geological record, we have no just 
right to expect to find so many links. If two or three, or 
even more linking forms were discovered, they would 
simply be ranked by many naturalists as so many new 
species, more especially if found in different geological 
substages, let their differences be ever so slight. 
Numerous existing doubtful forms could be named which 
are probably varieties; but who will pretend that in future 
ages so many fossil links will be discovered, that 
naturalists will be able to decide whether or not these 
doubtful forms ought to be called varieties? Only a small 
portion of the world has been geologically explored. Only 
organic beings of certain classes can be preserved in a 
fossil condition, at least in any great number. Many 
species when once formed never undergo any further 
change but become extinct without leaving modified 
descendants; and the periods during which species have 
undergone modification, though long as measured by 
years, have probably been short in comparison with the 
periods during which they retained the same form. It is 
the dominant and widely ranging species which vary most 
frequently and vary most, and varieties are often at first 
local—both causes rendering the discovery of 
intermediate links in any one formation less likely. Local 
varieties will not spread into other and distant regions 
until they are considerably modified and improved; and 
when they have spread, and are discovered in a geological 
formation, they appear as if suddenly created there, and 
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will be simply classed as new species. Most formations 
have been intermittent in their accumulation; and their 
duration has probably been shorter than the average 
duration of specific forms. Successive formations are in 
most cases separated from each other by blank intervals 
of time of great length, for fossiliferous formations thick 
enough to resist future degradation can, as a general rule, 
be accumulated only where much sediment is deposited 
on the subsiding bed of the sea. During the alternate 
periods of elevation and of stationary level the record will 
generally be blank. During these latter periods there will 
probably be more variability in the forms of life; during 
periods of subsidence, more extinction. 

With respect to the absence of strata rich in fossils 
beneath the Cambrian formation, I can recur only to the 
hypothesis given in the tenth chapter; namely, that though 
our continents and oceans have endured for an enormous 
period in nearly their present relative positions, we have 
no reason to assume that this has always been the case; 
consequently formations much older than any now 
known may lie buried beneath the great oceans. With 
respect to the lapse of time not having been sufficient 
since our planet was consolidated for the assumed 
amount of organic change, and this objection, as urged by 
Sir William Thompson, is probably one of the gravest as 
yet advanced, I can only say, firstly, that we do not know 
at what rate species change, as measured by years, and 
secondly, that many philosophers are not as yet willing to 
admit that we know enough of the constitution of the 
universe and of the interior of our globe to speculate with 
safety on its past duration. 
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That the geological record is imperfect all will admit; but 
that it is imperfect to the degree required by our theory, 
few will be inclined to admit. If we look to long enough 
intervals of time, geology plainly declares that species have 
all changed; and they have changed in the manner 
required by the theory, for they have changed slowly and 
in a graduated manner. We clearly see this in the fossil 
remains from consecutive formations invariably being 
much more closely related to each other than are the 
fossils from widely separated formations. 

Such is the sum of the several chief objections and 
difficulties which may justly be urged against the theory; 
and I have now briefly recapitulated the answers and 
explanations which, as far as I can see, may be given. I 
have felt these difficulties far too heavily during many 
years to doubt their weight. But it deserves especial notice 
that the more important objections relate to questions on 
which we are confessedly ignorant; nor do we know how 
ignorant we are. We do not know all the possible 
transitional gradations between the simplest and the most 
perfect organs; it cannot be pretended that we know all 
the varied means of Distribution during the long lapse of 
years, or that we know how imperfect is the Geological 
Record. Serious as these several objections are, in my 
judgment they are by no means sufficient to overthrow 
the theory of descent with subsequent modification. 

Now let us turn to the other side of the argument. Under 
domestication we see much variability, caused, or at least 
excited, by changed conditions of life; but often in so 
obscure a manner, that we are tempted to consider the 
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variations as spontaneous. Variability is governed by many 
complex laws, by correlated growth, compensation, the 
increased use and disuse of parts, and the definite action 
of the surrounding conditions. There is much difficulty in 
ascertaining how largely our domestic productions have 
been modified; but we may safely infer that the amount 
has been large, and that modifications can be inherited for 
long periods. As long as the conditions of life remain the 
same, we have reason to believe that a modification, 
which has already been inherited for many generations, 
may continue to be inherited for an almost infinite 
number of generations. On the other hand we have 
evidence that variability, when it has once come into play, 
does not cease under domestication for a very long 
period; nor do we know that it ever ceases, for new 
varieties are still occasionally produced by our oldest 
domesticated productions. 

Variability is not actually caused by man; he only 
unintentionally exposes organic beings to new conditions 
of life and then nature acts on the organisation and causes 
it to vary. But man can and does select the variations 
given to him by nature, and thus accumulates them in any 
desired manner. He thus adapts animals and plants for his 
own benefit or pleasure. He may do this methodically, or 
he may do it unconsciously by preserving the individuals 
most useful or pleasing to him without any intention of 
altering the breed. It is certain that he can largely influence 
the character of a breed by selecting, in each successive 
generation, individual differences so slight as to be 
inappreciable except by an educated eye. This 
unconscious process of selection has been the great 
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agency in the formation of the most distinct and useful 
domestic breeds. That many breeds produced by man 
have to a large extent the character of natural species, is 
shown by the inextricable doubts whether many of them 
are varieties or aboriginally distinct species. 

There is no reason why the principles which have acted so 
efficiently under domestication should not have acted 
under nature. In the survival of favoured individuals and 
races, during the constantly recurrent Struggle for 
Existence, we see a powerful and ever-acting form of 
Selection. The struggle for existence inevitably follows 
from the high geometrical ratio of increase which is 
common to all organic beings. This high rate of increase is 
proved by calculation—by the rapid increase of many 
animals and plants during a succession of peculiar 
seasons, and when naturalised in new countries. More 
individuals are born than can possibly survive. A grain in 
the balance may determine which individuals shall live and 
which shall die—which variety or species shall increase in 
number, and which shall decrease, or finally become 
extinct. As the individuals of the same species come in all 
respects into the closest competition with each other, the 
struggle will generally be most severe between them; it will 
be almost equally severe between the varieties of the same 
species, and next in severity between the species of the 
same genus. On the other hand the struggle will often be 
severe between beings remote in the scale of nature. The 
slightest advantage in certain individuals, at any age or 
during any season, over those with which they come into 
competition, or better adaptation in however slight a 
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degree to the surrounding physical conditions, will, in the 
long run, turn the balance. 

With animals having separated sexes, there will be in most 
cases a struggle between the males for the possession of 
the females. The most vigorous males, or those which 
have most successfully struggled with their conditions of 
life, will generally leave most progeny. But success will 
often depend on the males having special weapons or 
means of defence or charms; and a slight advantage will 
lead to victory. 

As geology plainly proclaims that each land has 
undergone great physical changes, we might have 
expected to find that organic beings have varied under 
nature, in the same way as they have varied under 
domestication. And if there has been any variability under 
nature, it would be an unaccountable fact if natural 
selection had not come into play. It has often been 
asserted, but the assertion is incapable of proof, that the 
amount of variation under nature is a strictly limited 
quantity. Man, though acting on external characters alone 
and often capriciously, can produce within a short period 
a great result by adding up mere individual differences in 
his domestic productions; and every one admits that 
species present individual differences. But, besides such 
differences, all naturalists admit that natural varieties exist, 
which are considered sufficiently distinct to be worthy of 
record in systematic works. No one has drawn any clear 
distinction between individual differences and slight 
varieties; or between more plainly marked varieties and 
subspecies and species. On separate continents, and on 
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different parts of the same continent, when divided by 
barriers of any kind, and on outlying islands, what a 
multitude of forms exist, which some experienced 
naturalists rank as varieties, others as geographical races or 
sub species, and others as distinct, though closely allied 
species! 

If, then, animals and plants do vary, let it be ever so 
slightly or slowly, why should not variations or individual 
differences, which are in any way beneficial, be preserved 
and accumulated through natural selection, or the survival 
of the fittest? If man can by patience select variations 
useful to him, why, under changing and complex 
conditions of life, should not variations useful to nature's 
living products often arise, and be preserved or selected? 
What limit can be put to this power, acting during long 
ages and rigidly scrutinising the whole constitution, 
structure, and habits of each creature, favouring the good 
and rejecting the bad? I can see no limit to this power, in 
slowly and beautifully adapting each form to the most 
complex relations of life. The theory of natural selection, 
even if we look no further than this, seems to be in the 
highest degree probable. I have already recapitulated, as 
fairly as I could, the opposed difficulties and objections: 
now let us turn to the special facts and arguments in 
favour of the theory. 

On the view that species are only strongly marked and 
permanent varieties, and that each species first existed as a 
variety, we can see why it is that no line of demarcation 
can be drawn between species, commonly supposed to 
have been produced by special acts of creation, and 
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varieties which are acknowledged to have been produced 
by secondary laws. On this same view we can understand 
how it is that in a region where many species of a genus 
have been produced, and where they now flourish, these 
same species should present many varieties; for where the 
manufactory of species has been active, we might expect, 
as a general rule, to find it still in action; and this is the 
case if varieties be incipient species. Moreover, the species 
of the larger genera, which afford the greater number of 
varieties or incipient species, retain to a certain degree the 
character of varieties; for they differ from each other by a 
less amount of difference than do the species of smaller 
genera. The closely allied species also of a larger genera 
apparently have restricted ranges, and in their affinities 
they are clustered in little groups round other species—in 
both respects resembling varieties. These are strange 
relations on the view that each species was independently 
created, but are intelligible if each existed first as a variety. 

As each species tends by its geometrical rate of 
reproduction to increase inordinately in number; and as 
the modified descendants of each species will be enabled 
to increase by as much as they become more diversified in 
habits and structure, so as to be able to seize on many and 
widely different places in the economy of nature, there 
will be a constant tendency in natural selection to preserve 
the most divergent offspring of any one species. Hence 
during a long-continued course of modification, the slight 
differences characteristic of varieties of the same species, 
tend to be augmented into the greater differences 
characteristic of the species of the same genus. New and 
improved varieties will inevitably supplant and 
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exterminate the older, less improved and intermediate 
varieties; and thus species are rendered to a large extent 
defined and distinct objects. Dominant species belonging 
to the larger groups within each class tend to give birth to 
new and dominant forms; so that each large group tends 
to become still larger, and at the same time more 
divergent in character. But as all groups cannot thus go on 
increasing in size, for the world would not hold them, the 
more dominant groups beat the less dominant. This 
tendency in the large groups to go on increasing in size 
and diverging in character, together with the inevitable 
contingency of much extinction, explains the arrangement 
of all the forms of life in groups subordinate to groups, all 
within a few great classes, which has prevailed throughout 
all time. This grand fact of the grouping of all organic 
beings under what is called the Natural System, is utterly 
inexplicable on the theory of creation. 

As natural selection acts solely by accumulating slight, 
successive, favourable variations, it can produce no great 
or sudden modifications; it can act only by short and slow 
steps. Hence, the canon of "Natura non facit saltum," 
which every fresh addition to our knowledge tends to 
confirm, is on this theory intelligible. We can see why 
throughout nature the same general end is gained by an 
almost infinite diversity of means, for every peculiarity 
when once acquired is long inherited, and structures 
already modified in many different ways have to be 
adapted for the same general purpose. We can, in short, 
see why nature is prodigal in variety, though niggard in 
innovation. But why this should be a law of nature if each 
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species has been independently created no man can 
explain. 

Many other facts are, as it seems to me, explicable on this 
theory. How strange it is that a bird, under the form of a 
woodpecker, should prey on insects on the ground; that 
upland geese, which rarely or never swim, would possess 
webbed feet; that a thrush-like bird should dive and feed 
on sub-aquatic insects; and that a petrel should have the 
habits and structure fitting it for the life of an auk! and so 
in endless other cases. But on the view of each species 
constantly trying to increase in number, with natural 
selection always ready to adapt the slowly varying 
descendants of each to any unoccupied or ill-occupied 
place in nature, these facts cease to be strange, or might 
even have been anticipated. 

We can to a certain extent understand how it is that there 
is so much beauty throughout nature; for this may be 
largely attributed to the agency of selection. That beauty, 
according to our sense of it, is not universal, must be 
admitted by every one who will look at some venomous 
snakes, at some fishes, and at certain hideous bats with a 
distorted resemblance to the human face. Sexual selection 
has given the most brilliant colours, elegant patterns, and 
other ornaments to the males, and sometimes to both 
sexes of many birds, butterflies and other animals. With 
birds it has often rendered the voice of the male musical 
to the female, as well as to our ears. Flowers and fruit 
have been rendered conspicuous by brilliant colours in 
contrast with the green foliage, in order that the flowers 
may be easily seen, visited and fertilised by insects, and 
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the seeds disseminated by birds. How it comes that 
certain colours, sounds and forms should give pleasure to 
man and the lower animals, that is, how the sense of 
beauty in its simplest form was first acquired, we do not 
know any more than how certain odours and flavours 
were first rendered agreeable. 

As natural selection acts by competition, it adapts and 
improves the inhabitants of each country only in relation 
to their co-inhabitants; so that we need feel no surprise at 
the species of any one country, although on the ordinary 
view supposed to have been created and specially adapted 
for that country, being beaten and supplanted by the 
naturalised productions from another land. Nor ought we 
to marvel if all the contrivances in nature be not, as far as 
we can judge, absolutely perfect; as in the case even of the 
human eye; or if some of them be abhorrent to our ideas 
of fitness. We need not marvel at the sting of the bee, 
when used against the enemy, causing the bee's own 
death; at drones being produced in such great numbers 
for one single act, and being then slaughtered by their 
sterile sisters; at the astonishing waste of pollen by our fir-
trees; at the instinctive hatred of the queen-bee for her 
own fertile daughters; at ichneumonidae feeding within 
the living bodies of caterpillars; and at other such cases. 
The wonder, indeed, is, on the theory of natural selection, 
that more cases of the want of absolute perfection have 
not been detected. 

The complex and little known laws governing the 
production of varieties are the same, as far as we can 
judge, with the laws which have governed the production 
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of distinct species. In both cases physical conditions seem 
to have produced some direct and definite effect, but how 
much we cannot say. Thus, when varieties enter any new 
station, they occasionally assume some of the characters 
proper to the species of that station. With both varieties 
and species, use and disuse seem to have produced a 
considerable effect; for it is impossible to resist this 
conclusion when we look, for instance, at the logger-
headed duck, which has wings incapable of flight, in 
nearly the same condition as in the domestic duck; or 
when we look at the burrowing tucu-tucu, which is 
occasionally blind, and then at certain moles, which are 
habitually blind and have their eyes covered with skin; or 
when we look at the blind animals inhabiting the dark 
caves of America and Europe. With varieties and species, 
correlated variation seems to have played an important 
part, so that when one part has been modified other parts 
have been necessarily modified. With both varieties and 
species, reversions to long-lost characters occasionally 
occur. How inexplicable on the theory of creation is the 
occasional appearance of stripes on the shoulders and legs 
of the several species of the horse-genus and of their 
hybrids! How simply is this fact explained if we believe 
that these species are all descended from a striped 
progenitor, in the same manner as the several domestic 
breeds of the pigeon are descended from the blue and 
barred rock-pigeon! 

On the ordinary view of each species having been 
independently created, why should specific characters, or 
those by which the species of the same genus differ from 
each other, be more variable than the generic characters in 
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which they all agree? Why, for instance, should the colour 
of a flower be more likely to vary in any one species of a 
genus, if the other species possess differently coloured 
flowers, than if all possessed the same coloured flowers? 
If species are only well-marked varieties, of which the 
characters have become in a high degree permanent, we 
can understand this fact; for they have already varied since 
they branched off from a common progenitor in certain 
characters, by which they have come to be specifically 
distinct from each other; therefore these same characters 
would be more likely again to vary than the generic 
characters which have been inherited without change for 
an immense period. It is inexplicable on the theory of 
creation why a part developed in a very unusual manner in 
one species alone of a genus, and therefore, as we may 
naturally infer, of great importance to that species, should 
be eminently liable to variation; but, on our view, this part 
has undergone, since the several species branched off 
from a common progenitor, an unusual amount of 
variability and modification, and therefore we might 
expect the part generally to be still variable. But a part 
may be developed in the most unusual manner, like the 
wing of a bat, and yet not be more variable than any other 
structure, if the part be common to many subordinate 
forms, that is, if it has been inherited for a very long 
period; for in this case it will have been rendered constant 
by long-continued natural selection. 

Glancing at instincts, marvellous as some are, they offer 
no greater difficulty than do corporeal structures on the 
theory of the natural selection of successive, slight, but 
profitable modifications. We can thus understand why 
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nature moves by graduated steps in endowing different 
animals of the same class with their several instincts. I 
have attempted to show how much light the principle of 
gradation throws on the admirable architectural powers of 
the hive-bee. Habit no doubt often comes into play in 
modifying instincts; but it certainly is not indispensable, as 
we see in the case of neuter insects, which leave no 
progeny to inherit the effects of long-continued habit. On 
the view of all the species of the same genus having 
descended from a common parent, and having inherited 
much in common, we can understand how it is that allied 
species, when placed under widely different conditions of 
life, yet follow nearly the same instincts; why the thrushes 
of tropical and temperate South America, for instance, 
line their nests with mud like our British species. On the 
view of instincts having been slowly acquired through 
natural selection, we need not marvel at some instincts 
being not perfect and liable to mistakes, and at many 
instincts causing other animals to suffer. 

If species be only well-marked and permanent varieties, 
we can at once see why their crossed offspring should 
follow the same complex laws in their degrees and kinds 
of resemblance to their parents—in being absorbed into 
each other by successive crosses, and in other such 
points—as do the crossed offspring of acknowledged 
varieties. This similarity would be a strange fact, if species 
had been independently created and varieties had been 
produced through secondary laws. 

If we admit that the geological record is imperfect to an 
extreme degree, then the facts, which the record does 
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give, strongly support the theory of descent with 
modification. New species have come on the stage slowly 
and at successive intervals; and the amount of change 
after equal intervals of time, is widely different in different 
groups. The extinction of species and of whole groups of 
species, which has played so conspicuous a part in the 
history of the organic world, almost inevitably follows 
from the principle of natural selection; for old forms are 
supplanted by new and improved forms. Neither single 
species nor groups of species reappear when the chain of 
ordinary generation is once broken. The gradual diffusion 
of dominant forms, with the slow modification of their 
descendants, causes the forms of life, after long intervals 
of time, to appear as if they had changed simultaneously 
throughout the world. The fact of the fossil remains of 
each formation being in some degree intermediate in 
character between the fossils in the formations above and 
below, is simply explained by their intermediate position 
in the chain of descent. The grand fact that all extinct 
beings can be classed with all recent beings, naturally 
follows from the living and the extinct being the offspring 
of common parents. As species have generally diverged in 
character during their long course of descent and 
modification, we can understand why it is that the more 
ancient forms, or early progenitors of each group, so 
often occupy a position in some degree intermediate 
between existing groups. Recent forms are generally 
looked upon as being, on the whole, higher in the scale of 
organisation than ancient forms; and they must be higher, 
in so far as the later and more improved forms have 
conquered the older and less improved forms in the 
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struggle for life; they have also generally had their organs 
more specialised for different functions. This fact is 
perfectly compatible with numerous beings still retaining 
simple and but little improved structures, fitted for simple 
conditions of life; it is likewise compatible with some 
forms having retrograded in organisation, by having 
become at each stage of descent better fitted for new and 
degraded habits of life. Lastly, the wonderful law of the 
long endurance of allied forms on the same continent—of 
marsupials in Australia, of edentata in America, and other 
such cases—is intelligible, for within the same country the 
existing and the extinct will be closely allied by descent. 

Looking to geographical distribution, if we admit that 
there has been during the long course of ages much 
migration from one part of the world to another, owing to 
former climatical and geographical changes and to the 
many occasional and unknown means of dispersal, then 
we can understand, on the theory of descent with 
modification, most of the great leading facts in 
Distribution. We can see why there should be so striking a 
parallelism in the distribution of organic beings 
throughout space, and in their geological succession 
throughout time; for in both cases the beings have been 
connected by the bond of ordinary generation, and the 
means of modification have been the same. We see the 
full meaning of the wonderful fact, which has struck every 
traveller, namely, that on the same continent, under the 
most diverse conditions, under heat and cold, on 
mountain and lowland, on deserts and marshes, most of 
the inhabitants within each great class are plainly related; 
for they are the descendants of the same progenitors and 
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early colonists. On this same principle of former 
migration, combined in most cases with modification, we 
can understand, by the aid of the Glacial period, the 
identity of some few plants, and the close alliance of many 
others, on the most distant mountains, and in the 
northern and southern temperate zones; and likewise the 
close alliance of some of the inhabitants of the sea in the 
northern and southern temperate latitudes, though 
separated by the whole intertropical ocean. Although two 
countries may present physical conditions as closely 
similar as the same species ever require, we need feel no 
surprise at their inhabitants being widely different, if they 
have been for a long period completely sundered from 
each other; for as the relation of organism to organism is 
the most important of all relations, and as the two 
countries will have received colonists at various periods 
and in different proportions, from some other country or 
from each other, the course of modification in the two 
areas will inevitably have been different. 

On this view of migration, with subsequent modification, 
we see why oceanic islands are inhabited by only few 
species, but of these, why many are peculiar or endemic 
forms. We clearly see why species belonging to those 
groups of animals which cannot cross wide spaces of the 
ocean, as frogs and terrestrial mammals, do not inhabit 
oceanic islands; and why, on the other hand, new and 
peculiar species of bats, animals which can traverse the 
ocean, are often found on islands far distant from any 
continent. Such cases as the presence of peculiar species 
of bats on oceanic islands and the absence of all other 



DARWIN 101 
	

 

	
125 

terrestrial mammals, are facts utterly inexplicable on the 
theory of independent acts of creation. 

The existence of closely allied representative species in 
any two areas, implies, on the theory of descent with 
modification, that the same parent-forms formerly 
inhabited both areas; and we almost invariably find that 
wherever many closely allied species inhabit two areas, 
some identical species are still common to both. Wherever 
many closely allied yet distinct species occur, doubtful 
forms and varieties belonging to the same groups likewise 
occur. It is a rule of high generality that the inhabitants of 
each area are related to the inhabitants of the nearest 
source whence immigrants might have been derived. We 
see this in the striking relation of nearly all the plants and 
animals of the Galapagos Archipelago, of Juan Fernandez, 
and of the other American islands, to the plants and 
animals of the neighbouring American mainland; and of 
those of the Cape de Verde Archipelago, and of the other 
African islands to the African mainland. It must be 
admitted that these facts receive no explanation on the 
theory of creation. 

The fact, as we have seen, that all past and present organic 
beings can be arranged within a few great classes, in 
groups subordinate to groups, and with the extinct groups 
often falling in between the recent groups, is intelligible 
on the theory of natural selection with its contingencies of 
extinction and divergence of character. On these same 
principles we see how it is that the mutual affinities of the 
forms within each class are so complex and circuitous. We 
see why certain characters are far more serviceable than 
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others for classification; why adaptive characters, though 
of paramount importance to the beings, are of hardly any 
importance in classification; why characters derived from 
rudimentary parts, though of no service to the beings, are 
often of high classificatory value; and why embryological 
characters are often the most valuable of all. The real 
affinities of all organic beings, in contradistinction to their 
adaptive resemblances, are due to inheritance or 
community of descent. The Natural System is a 
genealogical arrangement, with the acquired grades of 
difference, marked by the terms, varieties, species, genera, 
families, etc.; and we have to discover the lines of descent 
by the most permanent characters, whatever they may be, 
and of however slight vital importance. 

The similar framework of bones in the hand of a man, 
wing of a bat, fin of the porpoise, and leg of the horse—
the same number of vertebrae forming the neck of the 
giraffe and of the elephant—and innumerable other such 
facts, at once explain themselves on the theory of descent 
with slow and slight successive modifications. The 
similarity of pattern in the wing and in the leg of a bat, 
though used for such different purpose—in the jaws and 
legs of a crab—in the petals, stamens, and pistils of a 
flower, is likewise, to a large extent, intelligible on the 
view of the gradual modification of parts or organs, which 
were aboriginally alike in an early progenitor in each of 
these classes. On the principle of successive variations not 
always supervening at an early age, and being inherited at 
a corresponding not early period of life, we clearly see 
why the embryos of mammals, birds, reptiles, and fishes 
should be so closely similar, and so unlike the adult forms. 
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We may cease marvelling at the embryo of an air-
breathing mammal or bird having branchial slits and 
arteries running in loops, like those of a fish which has to 
breathe the air dissolved in water by the aid of well-
developed branchiae. 

Disuse, aided sometimes by natural selection, will often 
have reduced organs when rendered useless under 
changed habits or conditions of life; and we can 
understand on this view the meaning of rudimentary 
organs. But disuse and selection will generally act on each 
creature, when it has come to maturity and has to play its 
full part in the struggle for existence, and will thus have 
little power on an organ during early life; hence the organ 
will not be reduced or rendered rudimentary at this early 
age. The calf, for instance, has inherited teeth, which 
never cut through the gums of the upper jaw, from an 
early progenitor having well-developed teeth; and we may 
believe, that the teeth in the mature animal were formerly 
reduced by disuse owing to the tongue and palate, or lips, 
having become excellently fitted through natural selection 
to browse without their aid; whereas in the calf, the teeth 
have been left unaffected, and on the principle of 
inheritance at corresponding ages have been inherited 
from a remote period to the present day. On the view of 
each organism with all its separate parts having been 
specially created, how utterly inexplicable is it that organs 
bearing the plain stamp of inutility, such as the teeth in 
the embryonic calf or the shrivelled wings under the 
soldered wing-covers of many beetles, should so 
frequently occur. Nature may be said to have taken pains 
to reveal her scheme of modification, by means of 
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rudimentary organs, of embryological and homologous 
structures, but we are too blind to understand her 
meaning. 

I have now recapitulated the facts and considerations 
which have thoroughly convinced me that species have 
been modified, during a long course of descent. This has 
been effected chiefly through the natural selection of 
numerous successive, slight, favourable variations; aided 
in an important manner by the inherited effects of the use 
and disuse of parts; and in an unimportant manner, that 
is, in relation to adaptive structures, whether past or 
present, by the direct action of external conditions, and by 
variations which seem to us in our ignorance to arise 
spontaneously. It appears that I formerly underrated the 
frequency and value of these latter forms of variation, as 
leading to permanent modifications of structure 
independently of natural selection. But as my conclusions 
have lately been much misrepresented, and it has been 
stated that I attribute the modification of species 
exclusively to natural selection, I may be permitted to 
remark that in the first edition of this work, and 
subsequently, I placed in a most conspicuous position—
namely, at the close of the Introduction—the following 
words: "I am convinced that natural selection has been 
the main but not the exclusive means of modification." 
This has been of no avail. Great is the power of steady 
misrepresentation; but the history of science shows that 
fortunately this power does not long endure. 

It can hardly be supposed that a false theory would 
explain, in so satisfactory a manner as does the theory of 
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natural selection, the several large classes of facts above 
specified. It has recently been objected that this is an 
unsafe method of arguing; but it is a method used in 
judging of the common events of life, and has often been 
used by the greatest natural philosophers. The undulatory 
theory of light has thus been arrived at; and the belief in 
the revolution of the earth on its own axis was until lately 
supported by hardly any direct evidence. It is no valid 
objection that science as yet throws no light on the far 
higher problem of the essence or origin of life. Who can 
explain what is the essence of the attraction of gravity? 
No one now objects to following out the results 
consequent on this unknown element of attraction; 
notwithstanding that Leibnitz formerly accused Newton 
of introducing "occult qualities and miracles into 
philosophy." 

I see no good reasons why the views given in this volume 
should shock the religious feelings of any one. It is 
satisfactory, as showing how transient such impressions 
are, to remember that the greatest discovery ever made by 
man, namely, the law of the attraction of gravity, was also 
attacked by Leibnitz, "as subversive of natural, and 
inferentially of revealed, religion." A celebrated author 
and divine has written to me that "he has gradually 
learned to see that it is just as noble a conception of the 
Deity to believe that He created a few original forms 
capable of self-development into other and needful forms, 
as to believe that He required a fresh act of creation to 
supply the voids caused by the action of His laws." 
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Why, it may be asked, until recently did nearly all the most 
eminent living naturalists and geologists disbelieve in the 
mutability of species? It cannot be asserted that organic 
beings in a state of nature are subject to no variation; it 
cannot be proved that the amount of variation in the 
course of long ages is a limited quantity; no clear 
distinction has been, or can be, drawn between species 
and well-marked varieties. It cannot be maintained that 
species when intercrossed are invariably sterile and 
varieties invariably fertile; or that sterility is a special 
endowment and sign of creation. The belief that species 
were immutable productions was almost unavoidable as 
long as the history of the world was thought to be of 
short duration; and now that we have acquired some idea 
of the lapse of time, we are too apt to assume, without 
proof, that the geological record is so perfect that it would 
have afforded us plain evidence of the mutation of 
species, if they had undergone mutation. 

But the chief cause of our natural unwillingness to admit 
that one species has given birth to other and distinct 
species, is that we are always slow in admitting any great 
changes of which we do not see the steps. The difficulty is 
the same as that felt by so many geologists, when Lyell 
first insisted that long lines of inland cliffs had been 
formed, and great valleys excavated, by the agencies which 
we still see at work. The mind cannot possibly grasp the 
full meaning of the term of even a million years; it cannot 
add up and perceive the full effects of many slight 
variations, accumulated during an almost infinite number 
of generations. 
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Although I am fully convinced of the truth of the views 
given in this volume under the form of an abstract, I by 
no means expect to convince experienced naturalists 
whose minds are stocked with a multitude of facts all 
viewed, during a long course of years, from a point of 
view directly opposite to mine. It is so easy to hide our 
ignorance under such expressions as the "plan of 
creation," "unity of design," etc., and to think that we give 
an explanation when we only restate a fact. Any one 
whose disposition leads him to attach more weight to 
unexplained difficulties than to the explanation of a 
certain number of facts will certainly reject the theory. A 
few naturalists, endowed with much flexibility of mind, 
and who have already begun to doubt the immutability of 
species, may be influenced by this volume; but I look with 
confidence to the future, to young and rising naturalists, 
who will be able to view both sides of the question with 
impartiality. Whoever is led to believe that species are 
mutable will do good service by conscientiously 
expressing his conviction; for thus only can the load of 
prejudice by which this subject is overwhelmed be 
removed. 

Several eminent naturalists have of late published their 
belief that a multitude of reputed species in each genus are 
not real species; but that other species are real, that is, 
have been independently created. This seems to me a 
strange conclusion to arrive at. They admit that a 
multitude of forms, which till lately they themselves 
thought were special creations, and which are still thus 
looked at by the majority of naturalists, and which 
consequently have all the external characteristic features 
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of true species—they admit that these have been 
produced by variation, but they refuse to extend the same 
view to other and slightly different forms. Nevertheless, 
they do not pretend that they can define, or even 
conjecture, which are the created forms of life, and which 
are those produced by secondary laws. They admit 
variation as a vera causa in one case, they arbitrarily reject 
it in another, without assigning any distinction in the two 
cases. The day will come when this will be given as a 
curious illustration of the blindness of preconceived 
opinion. These authors seem no more startled at a 
miraculous act of creation than at an ordinary birth. But 
do they really believe that at innumerable periods in the 
earth's history certain elemental atoms have been 
commanded suddenly to flash into living tissues? Do they 
believe that at each supposed act of creation one 
individual or many were produced? Were all the infinitely 
numerous kinds of animals and plants created as eggs or 
seed, or as full grown? and in the case of mammals, were 
they created bearing the false marks of nourishment from 
the mother's womb? Undoubtedly some of these same 
questions cannot be answered by those who believe in the 
appearance or creation of only a few forms of life or of 
some one form alone. It has been maintained by several 
authors that it is as easy to believe in the creation of a 
million beings as of one; but Maupertuis' philosophical 
axiom "of least action" leads the mind more willingly to 
admit the smaller number; and certainly we ought not to 
believe that innumerable beings within each great class 
have been created with plain, but deceptive, marks of 
descent from a single parent. 
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As a record of a former state of things, I have retained in 
the foregoing paragraphs, and elsewhere, several 
sentences which imply that naturalists believe in the 
separate creation of each species; and I have been much 
censured for having thus expressed myself. But 
undoubtedly this was the general belief when the first 
edition of the present work appeared. I formerly spoke to 
very many naturalists on the subject of evolution, and 
never once met with any sympathetic agreement. It is 
probable that some did then believe in evolution, but they 
were either silent or expressed themselves so ambiguously 
that it was not easy to understand their meaning. Now, 
things are wholly changed, and almost every naturalist 
admits the great principle of evolution. There are, 
however, some who still think that species have suddenly 
given birth, through quite unexplained means, to new and 
totally different forms. But, as I have attempted to show, 
weighty evidence can be opposed to the admission of 
great and abrupt modifications. Under a scientific point of 
view, and as leading to further investigation, but little 
advantage is gained by believing that new forms are 
suddenly developed in an inexplicable manner from old 
and widely different forms, over the old belief in the 
creation of species from the dust of the earth. 

It may be asked how far I extend the doctrine of the 
modification of species. The question is difficult to 
answer, because the more distinct the forms are which we 
consider, by so much the arguments in favour of 
community of descent become fewer in number and less 
in force. But some arguments of the greatest weight 
extend very far. All the members of whole classes are 
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connected together by a chain of affinities, and all can be 
classed on the same principle, in groups subordinate to 
groups. Fossil remains sometimes tend to fill up very wide 
intervals between existing orders. 

Organs in a rudimentary condition plainly show that an 
early progenitor had the organ in a fully developed 
condition, and this in some cases implies an enormous 
amount of modification in the descendants. Throughout 
whole classes various structures are formed on the same 
pattern, and at a very early age the embryos closely 
resemble each other. Therefore I cannot doubt that the 
theory of descent with modification embraces all the 
members of the same great class or kingdom. I believe 
that animals are descended from at most only four or five 
progenitors, and plants from an equal or lesser number. 

Analogy would lead me one step further, namely, to the 
belief that all animals and plants are descended from some 
one prototype. But analogy may be a deceitful guide. 
Nevertheless all living things have much in common, in 
their chemical composition, their cellular structure, their 
laws of growth, and their liability to injurious influences. 
We see this even in so trifling a fact as that the same 
poison often similarly affects plants and animals; or that 
the poison secreted by the gall-fly produces monstrous 
growths on the wild rose or oak-tree. With all organic 
beings, excepting perhaps some of the very lowest, sexual 
reproduction seems to be essentially similar. With all, as 
far as is at present known, the germinal vesicle is the 
same; so that all organisms start from a common origin. If 
we look even to the two main divisions—namely, to the 
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animal and vegetable kingdoms—certain low forms are so 
far intermediate in character that naturalists have disputed 
to which kingdom they should be referred. As Professor 
Asa Gray has remarked, "the spores and other 
reproductive bodies of many of the lower algae may claim 
to have first a characteristically animal, and then an 
unequivocally vegetable existence." Therefore, on the 
principle of natural selection with divergence of character, 
it does not seem incredible that, from some such low and 
intermediate form, both animals and plants may have 
been developed; and, if we admit this, we must likewise 
admit that all the organic beings which have ever lived on 
this earth may be descended from some one primordial 
form. But this inference is chiefly grounded on analogy, 
and it is immaterial whether or not it be accepted. No 
doubt it is possible, as Mr. G.H. Lewes has urged, that at 
the first commencement of life many different forms were 
evolved; but if so, we may conclude that only a very few 
have left modified descendants. For, as I have recently 
remarked in regard to the members of each great 
kingdom, such as the Vertebrata, Articulata, etc., we have 
distinct evidence in their embryological, homologous, and 
rudimentary structures, that within each kingdom all the 
members are descended from a single progenitor. 

When the views advanced by me in this volume, and by 
Mr. Wallace or when analogous views on the origin of 
species are generally admitted, we can dimly foresee that 
there will be a considerable revolution in natural history. 
Systematists will be able to pursue their labours as at 
present; but they will not be incessantly haunted by the 
shadowy doubt whether this or that form be a true 
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species. This, I feel sure and I speak after experience, will 
be no slight relief. The endless disputes whether or not 
some fifty species of British brambles are good species 
will cease. Systematists will have only to decide (not that 
this will be easy) whether any form be sufficiently 
constant and distinct from other forms, to be capable of 
definition; and if definable, whether the differences be 
sufficiently important to deserve a specific name. This 
latter point will become a far more essential consideration 
than it is at present; for differences, however slight, 
between any two forms, if not blended by intermediate 
gradations, are looked at by most naturalists as sufficient 
to raise both forms to the rank of species. 

Hereafter we shall be compelled to acknowledge that the 
only distinction between species and well-marked varieties 
is, that the latter are known, or believed to be connected 
at the present day by intermediate gradations, whereas 
species were formerly thus connected. Hence, without 
rejecting the consideration of the present existence of 
intermediate gradations between any two forms, we shall 
be led to weigh more carefully and to value higher the 
actual amount of difference between them. It is quite 
possible that forms now generally acknowledged to be 
merely varieties may hereafter be thought worthy of 
specific names; and in this case scientific and common 
language will come into accordance. In short, we shall 
have to treat species in the same manner as those 
naturalists treat genera, who admit that genera are merely 
artificial combinations made for convenience. This may 
not be a cheering prospect; but we shall at least be freed 
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from the vain search for the undiscovered and 
undiscoverable essence of the term species. 

The other and more general departments of natural 
history will rise greatly in interest. The terms used by 
naturalists, of affinity, relationship, community of type, 
paternity, morphology, adaptive characters, rudimentary 
and aborted organs, etc., will cease to be metaphorical and 
will have a plain signification. When we no longer look at 
an organic being as a savage looks at a ship, as something 
wholly beyond his comprehension; when we regard every 
production of nature as one which has had a long history; 
when we contemplate every complex structure and 
instinct as the summing up of many contrivances, each 
useful to the possessor, in the same way as any great 
mechanical invention is the summing up of the labour, the 
experience, the reason, and even the blunders of 
numerous workmen; when we thus view each organic 
being, how far more interesting—I speak from 
experience—does the study of natural history become! 

A grand and almost untrodden field of inquiry will be 
opened, on the causes and laws of variation, on 
correlation, on the effects of use and disuse, on the direct 
action of external conditions, and so forth. The study of 
domestic productions will rise immensely in value. A new 
variety raised by man will be a far more important and 
interesting subject for study than one more species added 
to the infinitude of already recorded species. Our 
classifications will come to be, as far as they can be so 
made, genealogies; and will then truly give what may be 
called the plan of creation. The rules for classifying will no 
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doubt become simpler when we have a definite object in 
view. We possess no pedigree or armorial bearings; and 
we have to discover and trace the many diverging lines of 
descent in our natural genealogies, by characters of any 
kind which have long been inherited. Rudimentary organs 
will speak infallibly with respect to the nature of long-lost 
structures. Species and groups of species which are called 
aberrant, and which may fancifully be called living fossils, 
will aid us in forming a picture of the ancient forms of 
life. Embryology will often reveal to us the structure, in 
some degree obscured, of the prototypes of each great 
class. 

When we can feel assured that all the individuals of the 
same species, and all the closely allied species of most 
genera, have, within a not very remote period descended 
from one parent, and have migrated from some one birth-
place; and when we better know the many means of 
migration, then, by the light which geology now throws, 
and will continue to throw, on former changes of climate 
and of the level of the land, we shall surely be enabled to 
trace in an admirable manner the former migrations of the 
inhabitants of the whole world. Even at present, by 
comparing the differences between the inhabitants of the 
sea on the opposite sides of a continent, and the nature of 
the various inhabitants of that continent in relation to 
their apparent means of immigration, some light can be 
thrown on ancient geography. 

The noble science of geology loses glory from the 
extreme imperfection of the record. The crust of the 
earth, with its embedded remains, must not be looked at 
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as a well-filled museum, but as a poor collection made at 
hazard and at rare intervals. The accumulation of each 
great fossiliferous formation will be recognised as having 
depended on an unusual occurrence of favourable 
circumstances, and the blank intervals between the 
successive stages as having been of vast duration. But we 
shall be able to gauge with some security the duration of 
these intervals by a comparison of the preceding and 
succeeding organic forms. We must be cautious in 
attempting to correlate as strictly contemporaneous two 
formations, which do not include many identical species, 
by the general succession of the forms of life. As species 
are produced and exterminated by slowly acting and still 
existing causes, and not by miraculous acts of creation; 
and as the most important of all causes of organic change 
is one which is almost independent of altered and perhaps 
suddenly altered physical conditions, namely, the mutual 
relation of organism to organism—the improvement of 
one organism entailing the improvement or the 
extermination of others; it follows, that the amount of 
organic change in the fossils of consecutive formations 
probably serves as a fair measure of the relative, though 
not actual lapse of time. A number of species, however, 
keeping in a body might remain for a long period 
unchanged, whilst within the same period, several of these 
species, by migrating into new countries and coming into 
competition with foreign associates, might become 
modified; so that we must not overrate the accuracy of 
organic change as a measure of time. 

In the future I see open fields for far more important 
researches. Psychology will be securely based on the 
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foundation already well laid by Mr. Herbert Spencer, that 
of the necessary acquirement of each mental power and 
capacity by gradation. Much light will be thrown on the 
origin of man and his history. 

Authors of the highest eminence seem to be fully satisfied 
with the view that each species has been independently 
created. To my mind it accords better with what we know 
of the laws impressed on matter by the Creator, that the 
production and extinction of the past and present 
inhabitants of the world should have been due to 
secondary causes, like those determining the birth and 
death of the individual. When I view all beings not as 
special creations, but as the lineal descendants of some 
few beings which lived long before the first bed of the 
Cambrian system was deposited, they seem to me to 
become ennobled. Judging from the past, we may safely 
infer that not one living species will transmit its unaltered 
likeness to a distinct futurity. And of the species now 
living very few will transmit progeny of any kind to a far 
distant futurity; for the manner in which all organic beings 
are grouped, shows that the greater number of species in 
each genus, and all the species in many genera, have left 
no descendants, but have become utterly extinct. We can 
so far take a prophetic glance into futurity as to foretell 
that it will be the common and widely spread species, 
belonging to the larger and dominant groups within each 
class, which will ultimately prevail and procreate new and 
dominant species. As all the living forms of life are the 
lineal descendants of those which lived long before the 
Cambrian epoch, we may feel certain that the ordinary 
succession by generation has never once been broken, and 
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that no cataclysm has desolated the whole world. Hence, 
we may look with some confidence to a secure future of 
great length. And as natural selection works solely by and 
for the good of each being, all corporeal and mental 
endowments will tend to progress towards perfection. 

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

Andrea Diem-Lane and David Christopher Lane 

One of the difficulties in explaining the theory of 
evolution is where to start. I have noticed over the years 
in teaching this subject at the undergraduate level that 
most students don't really know much about Charles 
Darwin and they certainly know less about the mechanism 
of natural selection. Usually, I have a fairly vocal 
contingent of fundamentalist Christians who tend to 
believe in the literal interpretation of Genesis and 
therefore believe that God created the world in six days. 
Some accept an old earth hypothesis (five billion years 
old); whereas others believe that the world is only several 
thousand years old. 

Given this mixture in my class, my husband, David, who 
is also a Professor of Philosophy, suggested a way that not 
only reaches students of varying persuasions but ends up 
actually convincing them, even if only partially, of the 
viability of evolutionary theory. 

Whenever you have to present a controversial idea, he has 
noticed it is best to begin with what we all know and what 
we all agree upon. Thus, he advised that I ask for a 
student volunteer and use him or her as my example. 

Let's imagine that the young man's name is Shaun. He is 
18 years old. The first question we pose is a simple one. 
Why does Shaun physically look the way he does? 
Excepting his clothes and hygiene and other personal 
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choices, my students invariably say “because of his 
parents.” 

And that is certainly true and nobody tends to dispute the 
fact that his parents were the key to his physical looks. 
But what is it that his parents bring to the equation? The 
simple answer, of course, is that Shaun's father (let's call 
him Christopher) contributes sperm whereas his mother 
(let's call her Catherine) an egg. Both substances are quite 
small. A human sperm for instance (including both its 
head and its tail) is roughly 55 microns, so tiny that it is 
25,000 times smaller than a golf ball. At this point, we 
start to see one of the first hallmarks of science and one 
that is often misunderstood: reductionism. The 
contribution that Shaun's parents made to their offspring 
doesn't come at the phenotype level (that is merely the 
replicating appliance), but rather at the genotype 
particulate. We have scaled down from a 6”1 body and a 
5”4 body to precisely what those larger frames house—a 
sperm and an egg. Now we have literally “reduced” 

 Shaun's parents to the arena where the information they 
share is more easily accessible and localized. 

One metaphorical way of putting this is to imagine that 
Christopher and Catherine are individual books, filled 
with all sorts of historical information. Their desire is to 
recombine their books and produce a new edition. Since 
human sexual intercourse is literally the intertwining of 
two fairly large body forms so that a transmission of 
information can catalytically induce a viable 
recombination to occur, we can readily see that what 
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makes a child is essentially the intersecting of binary 
forms of data. 

The larger question that arises in this metaphor (with its 
real world applications) is how to decipher Catherine's 
and Christopher's contributions to the book they named 
Shaun. In what language are their books written? Are they 
the same language or different? What is the alphabet or 
rudimentary notation wherein their respective knowledge 
is inscribed? 

Today, unlike in Darwin's day, we can actually answer 
these queries with remarkable accuracy. Although an egg 
and a sperm are compositely varied, the essential code 
they contain is written in a biological language known 
most famously by its initials: 

D.N.A. or more properly deoxyribonucleic acid. This
language comes  in  four  letters,  easily  remembered  
with  the    acronym 

C.T.A.G. Here “c” stands for cytosine, “t” for thymine,
“a” for adenine, and “g” for guanine. 

Thus, Catherine and Christopher shared books which had 
a common four lettered language. These letters further 
comprised whole pages numbering in the tens of 
thousands known as  genes which formed twenty-three 
chapters known as chromosomes. Our entire book is 
known as a genome. 

Shaun is, therefore, the result of two genomes (books) 
recombined which results in a unified outcome of 25,000 
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plus genes (pages), 23 chromosomes (chapters), all written 
in DNA (a four letter alphabet). 

Sexual selection, however, is merely the start of why 
Shaun looks the way he does. Since obviously his mother 
could have chosen another author to help write her 
memoirs and in so doing produce a completely different 
son with a unique set of genes. Shaun isn't merely a 
duplicate reconfiguring of his parent's deoxyribonucleic 
acid. Occasionally, when DNA is copied throughout one's 
body it makes a copying error, what is known as a 
mutation. This can simply be a one-letter change. Instead 
of ATGGTTTGATGTC, one might get 
ATGGTTGATTGTC.   While at the level of just script it 
looks somewhat inconsequential, but in terms of applied 
genetics such minor variations can loom large. 

Why mutations occur is a deep subject, but not an 
insurmountable one, especially if you have an 
understanding of Heisenberg's uncertainty principle and 
how quantum mechanics is based on indeterminacy. The 
introduction of “chance” (or occasional mutations) into 
the genome is important because it causally explains how 
a child can indeed be unexpectedly and unpredictably 
different than his parents. In other words, sexual selection 
is just one component in what makes up Shaun's physical 
characteristics. DNA mutations are another. There are 
two fundamental ways to mutate a gene. The first way is 
through environmental damage. As the Learn Genetics 
website, sponsored by Genetic Science Learning Center at 
the University of Utah, explains: 
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“Ultraviolet light, nuclear radiation, and certain chemicals 
can damage DNA by altering nucleotide bases so that they 
look like other nucleotide bases. When the DNA strands 
are separated and copied, the altered base will pair with an 
incorrect base and cause a mutation. In the example 
below a "modified" G now pairs with T, instead of 
forming a normal pair with C. Environmental agents such 
as nuclear radiation can damage DNA by breaking the 
bonds between oxygen (O) and phosphate groups (P). 
Cells with broken DNA will attempt to fix the broken 
ends by joining these free ends to other pieces of DNA 
within the cell. This creates a type of mutation called 
‘translocation.’ If a translocation breakpoint occurs within 
or near a gene, that gene's function may be affected.” 

The second way is by DNA replication. As the same 
website elaborates: 

“Prior to cell division, each cell must duplicate its entire 
DNA sequence. This process is called DNA replication. 
DNA replication begins when a protein called DNA 
helicase separates the DNA molecule into two strands. 
Next, a protein called DNA polymerase copies each 
strand of DNA to create two double-stranded DNA 
molecules Mutations result when the DNA polymerase 
makes a mistake, which happens about once every 
100,000,000 bases. Actually, the number of mistakes that 
remain incorporated into the DNA is even lower than this 
because cells contain special DNA repair proteins that fix 
many of the mistakes in the DNA that are caused by 3 
mutagens. The repair proteins see which nucleotides are 
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paired incorrectly, and then change the wrong base to the 
right one.” 

At this junction, most of the class is still with me, since 
they can readily concede that sexual selection and chance 
play a huge role in producing children. What is not so 
apparent is how a four-lettered language could produce 
the wide array of complexity that we see in the human 
species. In other words, how can such diversity arise from 
only four varying molecule clusters? 

To explain it better, I start again with what we know and 
then posit a query. The English language has 26 letters 
and from that can we get a wide diversity of published 
materials? The answer is an easy yes. Just go to the local 
library and you can see what diversity such a language can 
bring—ranging from Cosmopolitan magazine to US 
weekly to the New York Review of Books to Surfer's 
Journal. All telling different stories, yet all written in the 
same English alphabet utilizing A's to Z's. But what would 
happen if we only had 2 letters, not 26; could we still have 
the same wide diversity? Usually, at this moment, my 
students shake their heads with a face of disapproval, 
wrongly imagining that more letters would mean greater 
diversity. 

Such is not the case, however. If we only had two letters 
or two numbers (0 and 1), we could, in point of fact, 
reproduce our entire alphabet and our entire English set 
of words, sentences, paragraphs, and books. Indeed, we 
could recapitulate any  system of information that has 
appeared on earth. The very basis of computer 
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programming is predicated upon a string of 0's and 1's. 
The Internet itself can be seen as a huge ocean of 
cascading binary bits, triggering off an electron dance near 
the speed of light where information reaches innumerable 
portals. 

The mythic universal library, so hauntingly brought to life 
in Jorge Borges' famous short story, “The Library of 
Babel,” which was written before the advent of the World 
Wide Web, indicates an almost infinite range of 
information. W.V. Quine, the late professor of philosophy 
at Harvard University, ironically pointed out that letters 
were actually unnecessary, since even a dot and a dash 
could suffice and all the texts of the world could be 
replicated by such a simple binary. As Quine summarizes, 
“The ultimate absurdity is now staring us in the face: a 
universal library of two volumes, one containing a single 
dot and the other a dash. Persistent repetition and 
alternation of the two is sufficient, we well know, for 
spelling out any and every truth. The miracle of the finite 
but universal library is a mere   inflation of the miracle of 
binary notation: everything worth saying, and everything 
else as well, can be said with two characters. It is a 
letdown befitting the Wizard of Oz, but it has been a 
boon to computers.” 

Even here, one could argue that Quine didn't go far 
enough, since all one would need is a dot and its absence. 
The dash itself being unnecessary since a thing and its 
absence is sufficient to be its own binary system. 
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Thus, it comes as a surprise to my students to realize how 
easy it is to get such wide diversity from a simple language 
or code. But even though sexual selection and genetic 
mutations can explain much, they are not sufficient to 
explain a  much larger process called natural selection, for 
which Charles Darwin is rightly famous. 

Natural selection, as defined by Darwin in his famous On 
the Origin of Species, is: 

“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. 
The offspring, also, will thus have a better chance of 
surviving, for, of the many individuals of any species 
which are periodically born, but a small number can 
survive. I have called this principle, by which each slight 
variation, if useful, is preserved, by the term of Natural 
Selection, in order to mark its relation to man's power of 
selection. We have seen that man by selection can 
certainly produce great results, and  can adapt organic 
beings to his own uses, through the accumulation of slight 
but useful variations, given to him by the hand of Nature. 
But Natural Selection, as we shall hereafter see, is a power  
incessantly ready for action, and is as immeasurably 
superior to man's feeble efforts, as the works of Nature 
are to those of Art.” 
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Natural selection, though precisely defined by Darwin, has  
led to some unnecessary confusion since it mistakenly 
implies a conscious act on the part of nature to pick and 
choose. Rather, it may be more properly understood as 
natural elimination and anything that can survive that 
global and unending process is, because of such survival, 
sufficient (not necessarily “best”) to continue on. Viewed 
in this purview, evolution by natural selection isn't so 
much about “fittest” or “strongest” or “best,” but rather 
as contingently successful. With the operative word here 
being contingent since what is viable in one 
environmental niche may not be so in another. 

 What cannot be denied are the vast odds against life to 
survive under such harried conditions. That anything does 
survive tells us much about both the environment from 
where it arose and the competition it had to go head to 
head against in order to live long enough to pass on its 
code. Natural selection or natural elimination or survival 
of the sufficient (however, we describe this winnowing 
process) is fundamentally a description of how organic life 
struggles for a temporary respite from ultimate 
annihilation. We can witness this struggle right now in the 
world we live in. We hear of an earthquake in China, 
where thousands are summarily killed, and yet several 
individuals, defying astronomical odds, survive. We hear 
of powerful and relatively new viruses, such as HIV, 
which can kill millions after years of incubation. And, yet, 
there are a few who seem to ward off its terminal sentence 
and live relatively long and healthy lives, even without the 
introduction of new drugs. 
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How is this possible? Variation. Natural selection only 
works if there are variations among organic life, where 
panoply of potential body types live and die. Those that 
do survive this gauntlet (and the gauntlet, lest we forget, is 
unending), do so only temporarily and only under certain 
conditions. It is under this severe testing that we can start 
to see how certain adaptations are better suited than 
others. Further, if those adaptations can produce viable 
offspring that carry on such favorable traits then they will 
have a built-in advantage over competitors that do not. 
This isn't a static sort of testing, however, since 
environments change over time and new adaptations due 
to wide variability arise and compete anew. 

As Darwin so beautifully summarized nearly 150 years 
ago: 

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

Now going back to Shaun, we have realized three key 
factors which have determined why he looks the way he 
does: sexual selection, genetic mutation, and natural 
selection. Play this out in your own life. Right now you are 
being tested by nature, even if completely unknowingly. 
Either you are going to have offspring that carry on your 
unique DNA configuration or you are not. If the former, 
you are in competition with other likeminded brethren in 
pursuing a potential mate. If the latter, you have basically 
given a Trumanesque-like gesture to millions of years  of 
competitive successes that led up to your very being. You 
have said, “The buck stops here.” And, barring some 
future resurrection of your DNA in unseen ways, the 
book that was you will go into the non-circulating library 
of forgotten achievers. 

But sexual success, while necessary, doesn't insure lineal 
success, since as we have pointed out a random genetic 
mutation could mean that your child won't live long 
enough to procreate. And, even if your child does live 
long enough there are many other factors to consider, 
including new environmental conditions (such as global 
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warming), new strains of virulent bacteria and viruses, and 
any host of unpredictable variables that may arise in the 
unforeseen future—all of which can wipe out even the 
most successful of genetic programs. 

All of this competition has led to a natural “editing” of 
what we see today. If something survives, you know a 
priori it has been edited or pruned by the very 
competition that led to its survival. Knowing the 
conditions from where we originally arose is a central key 
to understanding why we survive as we do in the present. 

Shaun, therefore, is in the most literal sense a genome 
with a long history, one that was shaped by factors which 
we cannot access fully today, but which nevertheless give 
hints of its long sojourn on terra firma. 

Every strand of DNA contains a unique history of its 
journey and what must have transpired to shape it into its 
present incarnation. Thus, Shaun's history doesn't start 
with parents, or with his grandparents, or with great 
grandparents, but rather goes thousands, nay millions, of 
years back in time. 

It is right here in the lecture when I ask Shaun about his 
ancestry. Where were you born? Where are your parents 
from? Where did your ancestors come from? 

Nobody is indigenous to America. We all came from 
somewhere else. In Shaun's case, we found out that he 
could trace his family lineage back to Ireland and 
Germany. But that also is not the final resting place for 
his DNA. We now know  that all human beings living 
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today trace their genetic history some 90,000 plus years 
back to the heartland of Africa. Shaun is in this sense (as 
we all are) African-American, even if his latter day sojourn 
may have resting places in European countries. As the 
entry on human migration in the MSN Encarta puts it: 

Early humans first migrated out of Africa into Asia 
probably between 2 million and 1.7 million years ago. 
They entered Europe somewhat later, generally within the 
past 1 million years. Species of modern humans populated 
many parts of the world much later. For instance, people 
first came to Australia probably within the past 60,000 
years, and to the Americas within the past 35,000 years. 
The beginnings of agriculture and the rise of the first 
civilizations occurred within the past 10,000 years. 

Shaun is literally a f…ing success. Nobody in his genetic 
past screwed up (pun intended). At each stage where it  
counted most, Shaun's elemental sequences survived and 
not once was there a premature extinction or death. If so, 
he wouldn't be here today. If so, none of us would be 
alive today. The very fact that you are reading this book 
can be taken prima facie that you are one of the great 
success stories in human history, indeed in all of organic 
history. You have won nature's lottery. . . at least so far. 

Imagine how many strands of DNA never made it. 
Imagine how many countless sperms and eggs never 
reached fruition. Imagine how many life forms lived and 
then died before they could transmit their genetic code? 
Imagine the odds against you and it becomes readily 
apparent that the very fact you have beat such odds is a 
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clear indication that your unique genome has some 
fundamental traits that have led to such success. Those 
traits are called adaptations. Whether you like it or not, 
you must be sufficiently adapted to your present 
circumstance or you wouldn't have been able to arrive 
here. 

 You are one of the winners. Given this amazing history 
and your amazing plasticity to survive nature's twists and 
turns, the real question that arises is not why but how? 
What is it about you that has led to you? In other words, 
you are a distinguished survivor. And how is it that you 
survived this competition and others did not? Or, more 
generally, what traits do Homo sapiens possess that has 
allowed them to last this long? 

But before we probe further into that question, another 
one still begs to be answered. How far back does our 
genetic code go? Almost all fundamentalist Christians, 
who believe in a literal interpretation of the Bible, more or 
less accept evolution by natural selection within a range. 

What most of them object to in class is the idea that the 
human species evolved from some earlier primate species. 
As one bright Christian argued, “Yes, I can accept micro-
evolution, varying adaptations and changes within a 
species, but what I cannot accept (and which would go 
against my beliefs) is the idea that one species mutated or 
evolved into another. I see no evidence of such a thing in 
the fossil record. Where are all the transitional forms? 
Human beings are unique.” 
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To tackle this issue head-on in class and to answer the 
good questions put forth by my student, I first point out 
what is not so obvious at first. All of evolution, at least in 
terms of DNA sequencing, is at the micro level. 

Instead of thinking of phenotypes (the bodies which 
house our genetic codes), focus on genotypes which are 
incredibly small. So small, in fact, that we cannot see even 
one complicated strand of DNA with our naked eye. 

At the molecular level, deoxyribonucleic acid isn't 
concerned with our macro issues of whether something is 
a defined species or not. At these tiny scales, it is merely a 
question of biochemistry. And since humans and 
chimpanzees and dolphins and bananas all share the same 
language code (remember, it comes down to a four letter 
molecular alphabet), at the microscopic level there isn't a 
thick brick wall dividing DNA into invariant species 
categorizations which has a sign to all intruding and stray 
polynucleotides: Stay Away. No, rather it is more akin to 
alphabet cereal (though this cereal only has the letters C, 
T, A, and G) or alphabet soup where the letters are free to 
roam wherever they please within the medium of milk or 
broth. It isn't a question at this realm of a whether a 
species can mutate into another, but rather if adenine 
(“A”) can bond with thymine (“T”) in a complementary 
base pairing (it can), or if cytosine (“C”) can bond in a 
similar way with guanine (“G”)—it can also. In other 
words, the macro issue of species never emerges at this 
quartered off biochemical level. Rather, it is a word used 
after the fact to describe built-up differences of DNA 
sequencing. The DNA itself is the same and thus the 
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notion of speciation isn't about C or T or A or G, but 
rather about how these already given molecular clusters 
forms into larger scaffolding projects. Thus if you accept 
micro-evolution within a species, you have already de 
facto accepted evolution itself, since all DNA 
manipulation (which is how evolutionary change occurs 
over time in organic beings) is at the micro level. As the 
Brown University Course on Evolution explains it: 

For evolutionists the revolution in DNA technology has 
been a major advance. The reason is that the very nature 
of DNA allows it to be used as a "document" of 
evolutionary history: comparisons of the DNA sequences 
of various genes between different organisms can tell us a 
lot about the relationships of organisms that cannot be 
correctly inferred from morphology. One definite 
problem is that the DNA itself is a scattered and 
fragmentary "document" of history and we have to 
beware of the effects of changes in the genome that can 
bias our picture of organismal evolution. 

Two general approaches to molecular evolution are to 1) 
use DNA to study the evolution of organisms (such as 
population structure, geographic variation and 
systematics) and to 2) to use different organisms to study 
the evolution of DNA. To the hard- core molecular 
evolutionist of the latter type, organisms are just another 
source of DNA. Our general goal in all this is to infer 
process from pattern and this applies to the processes of 
organismal evolution deduced from patterns of DNA 
variation, and processes of molecular evolution inferred 
from the patterns of variation in the DNA itself. An 
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important issue is that there are processes of DNA 
change within the genome that can alter the picture we 
infer about both organismal and DNA evolution: the 
genome is fluid and some of the very processes that make 
genomes "fluid" are of great interest to evolutionary 
biologists. Thus molecular evolution might be called the 
"natural history of DNA. 

As for why we don't see as many transitional forms as one 
might expect, this too is a misleadingly framed question, 
since it implies that such should be easy to find. Quite the 
opposite is true. The fact that we have found as many as 
we have is astounding itself, given that the theory of 
evolution has only been accepted for less than two 
centuries. And even while accepted in the scientific 
community, how many researchers are there worldwide 
trying to unearth these very rare and precious documents 
of our ancestral past? My husband, David, who is a fond 
lover of Coca Cola, makes a fitting analogy here. He 
remembers back in the late 1950s and 1960s when cans of 
coke did not have the opening tabs we have today. Rather, 
one had to use a can opener (usually with one opening 
larger than the other). When can opening tabs were 
introduced they were clumsy and slightly dangerous. But 
Coke can tops have undergone an extensive evolution. As 
one writer on the subject explains it: 

“In the early 1960's the Pittsburgh Brewing Company 
introduced “Iron City Beer” in 'self-opening cans.' The 
concept was pretty novel— just pull up on a tab and you 
had an open can of beer in your hand! No accessories like 
a 'church key' or bottle opener necessary—imagine that! 



EVOLUTION, CONSCIOUSNESS, AND REFLECTIONS 

162 

These early pull tabs were known as “zip tops” and were 
disposable. But because of the rough edges of the 
aluminum, the cans often left people with cuts on their 
fingers, lips and even noses. By 1965 the design was 
changed to the ring style, which I'm sure every metal 
detectorists has seen his or her share of. The ring style 
was even easier then the zip top; just put your finger into 
the ring, yank forward and have your beverage with less 
potential for physical injury—even better! Needless to say, 
the swift evolution of the zip top to the ring tab 
revolutionized canned beverages. By the mid-60's over 
75% of all cans produced in the U.S. had a pull-tab 
opening. Ten years after the “ring” version of the pull tab 
was introduced, an answer to this environmental and 
safety nightmare finally came. The “stay tab” style was 
introduced in 1975 by the Falls City Brewing Company, 
and they were here to stay—literally. These ring-style-stay- 
tabs are what we can see on every can of coke and beer in 
the grocery store today. Unfortunately, they don't stay 
quite as well as the designers would have liked. But at least 
this style doesn't force people to throw the tab aside… 
they actually have to do a little work to get it off.” 

However, today there are many students in college who 
are unaware of the evolution behind opening tabs on coke 
cans and other soft drinks. Indeed, there haven't been just 
three stages in this evolution but many small incremental 
changes, most of which have gone unnoticed. If you look 
just at a Coke can of the 1950s and a Coke can of today, 
you might ask where did all the transitional forms go? 
How easy would it be to find each and every modification 
over the last fifty or so years? 
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 Unless you are an avid collector it wouldn't be easy at all, 
since most of the cans have been discarded and thus their 
respective histories have been smashed or buried. I bring 
up this analogy because there are millions of such canned 
fossils waiting to be found but it would take inordinate 
amounts of time and patience to unearth them, if one 
hadn't already kept a record of it as the cans were 
improved over time--and this is about an object for which 
we have tremendous amounts of information. Imagine 
how difficult it must be to find transitional forms of our  
ancestors that lived millions of years ago? So many 
conditions have to be right for us to be lucky enough to 
find even one example, much less several. 

Kathleen Hunt elaborates on this her website on 
transitional forms in the fossil record: 

“The first and most major reason for gaps is "stratigraphic 
discontinuities", meaning that fossil-bearing strata are not 
at all continuous. There are often large time breaks from 
one stratum to the next, and there are even some times 
for which no fossil strata have   been found. For instance, 
the Aalenian (mid-Jurassic) has shown no known tetrapod 
fossils anywhere in the world, and other stratigraphic 
stages in the Carboniferous, Jurassic, and Cretaceous have 
produced only a few mangled tetrapods. Most other strata 
have produced at least one fossil from between 50% and 
100% of the vertebrate families that we know had already 
arisen by then (Benton, 1989)—so the vertebrate record 
at the family level is only about 75% complete, and much 
less complete at the genus or species level. (One study 
estimated that we may have fossils from as little as 3% of 
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the species that existed in the Eocene!) This, obviously, is 
the major reason for a break in a general lineage. To 
further complicate the picture, certain types of animals 
tend not to get fossilized—terrestrial animals, small 
animals, fragile animals, and forest-dwellers are worst. 
And finally, fossils from very early times just don't survive 
the passage of eons very well, what with all the folding, 
crushing, and melting that goes on. Due to these facts of 
life and death, there will always be some major breaks in 
the fossil record. Species-to-species transitions are even 
harder to document. To demonstrate anything about how 
a species arose, whether it arose gradually or suddenly, 
you need exceptionally complete strata, with many dead 
animals buried under constant, rapid sedimentation. This 
is rare for terrestrial animals. Even the famous Clark's 
Fork (Wyoming) site, known for its fine Eocene mammal 
transitions, only has about one fossil per lineage about 
every 27,000 years. Luckily, this is enough to record most 
episodes of evolutionary change (provided that they 
occurred at Clark's Fork Basin and not somewhere else), 
though it misses  the  most  rapid  evolutionary  bursts.  
In  general,  in  order   to document transitions between 
species, you specimens separated by only tens of 
thousands of years (e.g. every 20,000-80,000 years). If you 
have only one specimen for hundreds of thousands of 
years (e.g. every 500,000 years), you can usually determine 
the order of species, but not the transitions between 
species. If you have a specimen every million years, you 
can get the order of genera, but not which species were 
involved. And so on. These are rough estimates (from 
Gingerich, 1976, 1980) but should give an idea of the 
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completeness required. Note that fossils separated by 
more than about a hundred thousand years cannot show 
anything about how a species arose…. But even with 
these severe limitations, archaeologists have already 
unearthed a number of very impressive transitional fossil 
remains. This is quite remarkable, as we have pointed out, 
given the inordinate difficulty inherent in trying to 
discover biological remnants that are still intact. Here is 
just a partial list of transitional forms among amphibians: 
Temnospondyls, e.g Pholidogaster (Mississippian, about 
330 Ma)—A group of large labrinthodont amphibians, 
transitional between the early amphibians (the 
ichthyostegids, described above) and later amphibians 
such as rhachitomes and anthracosaurs. Probably also 
gave rise to modern amphibians (the Lissamphibia) via 
this chain of six temnospondyl genera, showing 
progressive modification of the palate, dentition, ear, and 
pectoral girdle, with steady reduction in body size (Milner, 
in Benton 1988). Notice, though, that the times are out  
of order, though they are all from the Pennsylvanian and 
early Permian. Either some of the "Permian" genera arose 
earlier, in the Pennsylvanian (quite likely), and/or some of 
these genera are "cousins", not direct ancestors (also quite 
likely). Dendrerpeton acadianum (early Penn.)—4- toed 
hand, ribs straight, etc. Archegosaurus decheni (early 
Permian)—Intertemporals lost, etc. Eryops megacephalus 
(late Penn.)—Occipital condyle splitting in 2, etc. 
Trematops spp. (late Permian)—Eardrum like modern 
amphibians, etc. Amphibamus lyelli (mid-Penn.)—Double 
occipital condyles, ribs very small, etc. Doleserpeton 
annectens or perhaps Schoenfelderpeton (both early 
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Permian)—First pedicellate teeth! (a classic trait of 
modern amphibians), etc.” 

We have a mistaken notion about evolution because we 
tend to think only at the level of large body types, 
forgetting that the real changes occur at the biochemical 
level and even the smallest change there can have a 
dramatic impact on its eventual housing. While 
morphological evidences of evolution should by definition 
be scarce and difficult to precisely piece together (given 
that ideal conditions must be met on a series of fronts), 
the most remarkable evidence for evolution is found 
exactly where it should be uncovered: at the level of 
DNA. 

 Sean Carroll has written a popular account of this 
wonderful breakthrough in evolutionary biology entitled 
The Making of the Fittest. The Howard Hughes Medical 
Institute provides a nice summary of Carroll's work: 

“For decades, scientists studying evolution have relied on 
fossil records and animal morphology to painstakingly 
piece together the puzzle of how animals evolved. Today, 
growing numbers of scientists are using DNA evidence 
collected from modern animals to look back hundreds of 
millions of years to a time when animals first began to 
evolve. One of those leading the charge is molecular 
biologist Sean Carroll. Carroll's research focuses on the 
way new animal forms have evolved, and his studies of a 
wide variety of animal species have dramatically changed 
the face of evolutionary biology. Using genetics and the 
tools of molecular biology, he is looking back to the dawn 
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of animal life some 600 to 700 million years ago. It is so 
long ago that there are virtually no fossils or other 
physical clues to indicate what Earth's earliest animals 
were like. ‘Evolution encompasses all of biology—it is our 
big picture,’ Carroll said. ‘When I was a student, we had a 
grand picture of animal evolution from the fossil record, 
but no knowledge whatsoever of how new animal forms 
arose. That is the mystery that I want to tackle.’ Carroll's 
studies have uncovered evidence that an ancient common 
ancestor—a worm-like animal from which most of the 
world's animals evolved—had a set of "master" genes to 
grow appendages, such as legs, arms, claws, fins, and 
antennas. Moreover, Carroll noted, these genes were 
operational at least 600 million years ago and are similar in 
all animals, from humans to vertebrates, insects, and fish. 
What is different, however, is the way these genes are 
expressed, leading some animals to develop wings, and 
others to grow claws or feet. ‘We found the same 
mechanism in all the divisions of the animal kingdom,’ 
Carroll noted. ‘The architecture varies tremendously, but 
the genetic instructions are the same and have been 
preserved for a very long period of time.’ Carroll is also 
probing the common fruit fly, Drosophila melanogaster, 
to elucidate how genes control the development and 
evolution of animal morphology, or form. This innovative 
approach to studying evolution has led scientists to a 
more detailed understanding of how animal patterns and 
diversity evolve. By analyzing the genetic origin of the 
decorative spots on a fruit fly wing, Carroll has discovered 
a molecular mechanism that helps to explain how new 
patterns emerge. The key appears to lie in specific 
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segments of DNA, rather than genes themselves, that 
dictate when during development and where on an 
insect's body proteins are produced to create spots or 
other patterns.’ The same molecular mechanism is likely at 
work in other animals, including humans, and helps to 
explain the pattern of stripes on a   zebra or the 
technicolor tail of the peacock. Carroll and his colleagues 
chose to study the evolution of the wing spot on fruit flies 
because it is a simple trait with a well-understood 
evolutionary history. While ancient fruit fly species lack 
spots, some species have evolved spots under the pressure 
of sexual selection. The wing spots offer a survival 
advantage to males, who depend on the decorations to 
‘impress’ females to choose them in the mating process. 
The discovery is important because it provides critical 
evidence of the way that animals evolve new features to 
improve their chances of reproductive success and 
survival. ‘We now have convincing proof that evolution 
occurs when accidental mutations create features such as 
spots or stripes that impart an advantage for attracting 
mates, hiding from or confusing predators, or gaining 
access to food,’ Carroll explained. ‘These accidents are 
then preserved as small changes in the DNA.’” 

At this point in the lecture, most of my students are 
nodding their head about the logic of evolution, even 
though they may not agree with all the pointed details. 

Evolution by natural selection is, as Daniel Dennett 
rightly pointed out in his book Darwin's Dangerous Idea, 
based on the notion of methodological naturalism, 
whereby one attempts to explain all phenomena by its 



DARWIN 101 
	

 

	
169 

constituent parts. Paul and Patricia Churchland have 
called this approach intertheoretic reductionism. Take any 
physical object and you have two fundamental options in 
trying to explain it. Either it is material or it is not. If the 
former you try to ground your explanations in physics, 
chemistry, biology, psychology, and sociology—with an 
eye and ear to the ground from which these emergent 
structures arise. If the latter, you are engaged in a 
metaphysical enterprise, where things are explained not by 
other material substances but transcendent, even spiritual, 
realities. Dennett has invoked a nice metaphor to explain 
these different approaches: science is a crane like 
approach, and follows an algorithmic (step by step 
procedure) mindset, even if one is allowed all sorts of wild 
imaginings provided they are ultimately tested and verified 
by empirical experiments. Religion, on the other hand, is a 
sky hook and tends toward non-algorithmic explanations. 

This is why evolution is such a powerful idea. It explains 
so much so simply. Dennett has called it the single 
greatest idea in the history of human thought, since it 
serves as the backbone for almost every one of the 
sciences—from astronomy to neuroscience. As 
Theodosius Dobzhansky, one of the   architects of the 
neo-synthesis of evolutionary theory in the mid-20th 
century points out, “Nothing in biology makes sense 
except in the light of evolution.” 

It is right at this juncture that I raise a larger philosophical 
issue in my lecture. If evolution by natural selection (and 
other selective or eliminative forces) can indeed explain 
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why Shaun looks the way he does, can it also help explain 
why Shaun thinks the way he does? 
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THE VIRTUAL SIMULATOR 

“In the distant future I see open fields for far more 
important researches. Psychology will be based on a new 
foundation, that of the necessary acquirement of each 
mental power and capacity by gradation. Light will be 
thrown on the origin of man and his history.” 

--Charles Darwin 

Why do we think the way we do" Or, more in line with 
the theme of philosophy, why does the question "why" 
arise so  much in human beings? 

There have been, to be sure, many answers to these 
queries from time immemorial. Countless religions have 
been created to resolve these perennial questions, each 
with differing successes. Even science has gotten into the 
fray with the blossoming of psychology as a distinct 
discipline in the latter part of the 19th century. 

Charles Darwin made a very pregnant prediction near the 
end of his classic 1859 tome when he opined that 
evolutionary theory would radically transform other fields 
of research. He even went so far as to say that 
"Psychology will be based on a new foundation, that of 
the necessary acquirement of each mental power and 
gradation." He could have just as easily substituted 
Philosophy. 

While there have been some remarkable developments in 
evolutionary psychology, a field previously known more 
controversially as sociobiology, there hasn't been the same 
attention given to philosophy. Historically, this may be 
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due to the fact that Herbert Spencer, an early champion 
of fusing philosophy and evolution and a quite popular 
advocate of such during his lifetime, became something of 
anathema during the latter part of the 19th and early 20th 
century because of some of his more controversial views, 
particularly Social Darwinism. As the entry on him in 
Wikipedia notes: "Posterity has not been kind to Spencer. 
Soon after his death his philosophical reputation went 
into a sharp and irrevocable decline. Half a century after 
his death his work was dismissed as a 'parody of 
philosophy' and the historian Richard Hofstadter called 
him the 'the metaphysician of the homemade intellectual 
and the prophet of the cracker-barrel agnostic.'" 

 Combining philosophy with evolution can be fraught 
with peculiar dangers, not the least of which is a tendency 
towards what Dennett has called "cheap reductionism," 
explaining away complex phenomena instead of properly 
understanding it. Nevertheless, it is even more 
troublesome to ignore Darwinian evolution because it 
illuminates so many hitherto intractable problems ranging 
from epistemology to ethics. 

The new field of evolutionary philosophy, unlike its 
aborted predecessors of the past, is primarily concerned 
with understanding why Homo sapiens are philosophical 
in the first place. It is not focused on advocating some 
specific future reform, but rather in uncovering why 
humans are predisposed to ask so many questions which, 
at least at the present stage, cannot be answered. In other 
words, if evolution is about living long enough to transmit 
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one's genetic code, how does philosophy help in our 
global struggle for existence? 

To answer that question and others branched with it, one 
has to deal with the most complex physical structure in 
the universe—the human brain. Because it is from this 
wonder tissue, what Patricia Churchland has aptly called 
"three pounds of glorious meat," that all of human 
thought, including our deep and ponderous musings, is 
built upon. Take away the human brain and you take away 
all of philosophy. 

Therefore, if we are to understand why philosophy arose 
in the first place, we have to begin with delving into the 
mystery on why consciousness itself arose. And to answer 
that question we first have to come to grips with Darwin's 
major contribution to evolutionary theory—natural 
selection. Why would nature select for awareness, 
especially the kind of self-conscious awareness endemic to 
human beings, when survival for almost all species is 
predicated upon unconscious instincts? What kind of 
advantage does self-reflective consciousness confer that 
would allow it to emerge and develop over time? 

I thought long and hard over this question and for many 
years I never found a satisfactory response. It was only 
when I began working as a Research Assistant for 
Professor V.S. Ramachandran at UCSD, where we 
focused on visual perception, that I realized that the 
answer to consciousness was intimately related to 
Darwinian natural selection. When I started to think in 
evolutionary terms, it became clearer to me that I had 
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been asking the wrong sorts of questions, especially as I 
tended to relate my philosophical musings with my 
religious upbringing. 

 It may be simply a coincidence but I noticed that after I 
had met with Francis Crick at a dinner party hosted by 
Ramachandran in his La Jolla home my questions became 
more focused and thus I proceeded upon a more fruitful 
line of inquiry. Ironically, I didn't know that the person I 
was introduced to at the party was a world famous 
scientist who along with James Watson had discovered 
the double-helix structure of DNA. Ramachandran simply 
introduced the Nobel laureate as Francis. Since we were 
the first guests at the party we ended up chatting on the 
nearby couch. However, we both became so absorbed in 
our conversation that we ended up talking for nearly two 
straight hours. At the time I thought Francis was a 
second-fiddle to his artist wife, since he never gave any 
indication of his remarkable credentials. For all I knew he 
was either retired or out of a job. When I asked Crick 
what he did for a living he smirked and said, "Ah, I dabble 
in a little bit of this and a little bit of that," never once 
revealing his vast background in molecular biology. 

Francis learned of my interest in Eastern Philosophy, 
Gnosticism, and my advocacy of vegetarianism. He tried 
to provoke me a bit, but because I didn't think he was all 
that knowledgeable in these areas I passionately, but 
hopefully reasonably, gave him my counter-arguments. 
Crick seemed slightly bemused by my candor and 
complete lack of awe in his presence. I even had the 
audacity of suggesting that he could help me out in the lab 
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at UCSD with the experiments we were doing. It was only 
later to my and everyone else's chagrin when I realized 
(and to my horror) that I was debating with such an 
eminent mind. Thankfully, and to his great credit, Francis 
Crick never let on during the entire conversation who he 
was. 

What stood out to me both during and after our 
conversation was Crick's insistence that I should focus my 
graduate studies on neuroscience, since he argued that the 
brain was the key to unraveling many of life's greatest 
mysteries. Although I didn't at the time take Francis' 
advice, his suggestion stayed with me over the years and 
has clearly influenced my thinking on how to approach 
the study of consciousness. 

My husband (who did his Ph.D. at UCSD) was also 
interested in why consciousness evolved and had since 
1991 embarked on an intensive study of physics and 
neuroscience to better resolve the issue. 

I still remember the day he came home from his teaching 
duties at CSULB and exclaimed that the answer to the 
riddle of consciousness was remarkably simple and 
obvious. So obvious, in fact, that he wondered why he 
hadn't dawned on him much earlier. In his typically 
Socratic way, he peppered me with a series of loaded 
questions designed to make clearer his epiphany. 
Watching our son growing up, said my husband, was the 
triggering event. As my husband recounted in his diary of 
that day, 
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“I am learning more about the human brain and 
philosophy from Shaun than I ever did from books. It is 
now very obvious and clear to me that whatever questions 
we ask of the universe arise because of the architecture of 
our brain. More precisely, philosophy is the result of 
differing brain states and upon that contingent scaffolding 
we come up with varying questions to ask of the world 
and its participants, though we never seem to realize that 
such questioning has less to do with reality per se and 
more to do with our own evolutionary needs. Ah, I can 
put it better yet: philosophy is like heartburn. It is the 
natural result of something that didn't digest well. I will 
call it brain burn. What does such a neologism mean? 
Every deep question we have, every deep thought we 
ponder, is the result of the confusion of a neural system 
when confronted with its own dissociation. 
Consciousness is dissociation. And therein lays its 
Darwinian advantage, since most of our awareness is in 
our head it doesn't have to face the very real and empirical 
and deathly consequences of being without. Being within 
survives. Being without tends to end up dead. So 
consciousness arises as dissociation so it can play out (via 
its internal machinations—what we call imagination, 
daydreaming) without physical harm alternative scenarios 
to secure its Four F'S: F..k, Food, Flee, Fight. 
Consciousness is literally a virtual simulator and that is 
why it has been so helpful in allowing humans to survive 
globally, even when our bodies were not adapted to 
certain environmental niches. 

If you can imagine without real consequence, then you 
have a better chance of living if you have already played 
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out (internally, but not externally) competing strategies. 
Those without consciousness don't have this liberty and 
thus when they do play out a choice, they do so in a real 
world. And in such a real world, if it doesn't work you are 
eaten. In imagination, in consciousness, you can play as if 
it is real and project all sorts of end game earnings   to 
see   which   one   would   be   to   your advantage. 
Consciousness is the brain's way of making chance/chaos 
(read nature) more plastic, more pliable, more beneficial 
to the host organism. What is the best way to survive 
chance contingencies? By developing a statistically deep 
understanding of what varying options portend. 
Consciousness is a way around pure chance by developing 
an internalized map of probabilities which can be 
visualized internally without having to be outsourced 
prematurely. Being in your head is another way of 
avoiding being stuck in only a one-way avenue of 
recourse. Any reproducing DNA that can develop a 
virtual simulator within itself has a huge advantage over a 
genetic strand that cannot. The gurus and mystics have it 
completely wrong. The world isn't an illusion; 
consciousness is. But even if we say consciousness is an 
illusion—which it is (in the sense that its stuff is literally 
composed of dreams and other sorts puffery)— that 
doesn't mean it isn't helpful to our survival. It is. 
Consciousness is a body's way of giving itself a better 
chance when confronted with the reality of Chance itself. 
Consciousness is probability functions envisioned. 

Ah, but we humans are so naive. We were so mesmerized 
by the theatre of consciousness that we forgot that it was 
the body that was real, not its projected sideshow. So I 



EVOLUTION, CONSCIOUSNESS, AND REFLECTIONS 
	

  
	

178 

won't be misunderstood. What I am saying is the direct 
opposite of religion, of mysticism, of guruism. 
Consciousness isn't the strongest part of a human being. 
It is not going to survive. There is no soul. Nietzsche was 
right. Consciousness is the weakest element of a human 
being, though we believe otherwise. Film is fragile, so is 
our awareness. Nobody believes that a reel of film is 
going to reincarnate or survive in the afterlife. Awareness 
is Poker Self-Reflective. Chance giving itself better odds.” 

My husband had been reading various articles by 
Ramachandran and a number of books by the Nobel 
laureate in medicine, Gerald Edelman (most popularly 
known for his introduction of Neural Darwinism) where 
they had implied that consciousness was more or less a 
virtual simulator. "That's it," Dave echoed. "Think about 
what consciousness does most of the time. It simulates its 
environment in order to make the best probable guesses 
about how to respond to it. But in order for such 
simulations to be wide-ranging, there has to be an 
allowance for lots of projections or end game results 
which are purely fantastical and have no concordance 
with empirical reality. Otherwise, the very basis of 
imagination would be too stilted and wouldn't be 
amenable to new situations, new environments, and new 
problems." 

At this point I chimed in with Stephen Jay Gould's notion 
of spandrels, the unintended consequences or secondary 
effects of a more primary adaptation. If consciousness is 
an evolutionary adaptation which allows for any 
sophisticated strand of DNA to develop a virtual 
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navigating device within itself, thereby increasing its odds 
by allowing for a prior contemplation of varying strategies 
before making a decisive and decidedly empirical decision, 
then it is quite reasonable to expect that there should be 
much in a virtual simulator which is merely imaginary and 
has no real world correlate. This would easily explain why 
many of our projections are delusional. If consciousness is 
a probability adjustor (played out in our minds replete 
with an emotional feedback loop), then sometimes we will 
opt for strategies that are indeed wrong, misguided, and 
illusionary. They are just part of the odds. If this is true, 
then we should expect certain mental states which would 
deviate from the mean. Is this the basis for all mental 
diseases? 

But as I was partnering these ideas with my husband, I 
realized that even calling something a mental disease 
implied an already fixed understanding of what 
constituted normal awareness. If consciousness is 
simulating its environment so as to better its odds when it 
does indeed make a real life choice, then much of its 
success is due to how well it actually matches up with and 
predicts the incoming stimuli. Consciousness could never 
have survived the brutal machinations of natural selection 
unless it was somewhat accurate in how it modeled its 
exterior environment. If it came up with simulations that 
were continually mistaken, it would have been eaten up by 
a predator long ago. No, consciousness must be on whole 
a fairly accurate modeler of the outside world in order to 
confer the benefit necessary to evolve as a significant 
adaptation. That there will be glitches and mistakes and 
illusory detours is to be expected, but overall those have 
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to be kept at a minimum since otherwise the very 
advantage that consciousness confers as a virtual 
simulator would be automatically lost. If consciousness 
was merely projections of our temporal lobes, it wouldn't 
have any real world benefit, but would act as a punishing 
(and ultimately eliminating) detriment. 

As we discussed this theory of consciousness further, we 
started to see the powerful utility of Gerald Edelman's 
binary idea of Second Nature. Edelman makes a 
distinction between First order and second order 
consciousness, or what he calls first nature and second 
nature levels of awareness. As the Wilson Quarterly review 
of his book, Second Nature, explains: 

“In Second Nature, Nobel Prize winning neuroscientist 
Gerald Edelman proposes what he calls "brain-based 
epistemology," which aims at solving the mystery of how 
we acquire knowledge by grounding it in an understanding 
of how the brain works. Edelman's title is, in part, meant 
‘to call attention to the fact that our thoughts often float 
free of our realistic descriptions of nature,’ even as he sets 
out to explore how the mind and the body interact. 
Edelman suggests that thanks to the recent development 
of instruments capable of measuring brain structure 
within millimeters and brain activity within milliseconds, 
perceptions, thoughts, memories, willed acts, and other 
mind matters traditionally considered private and 
impenetrable to scientific scrutiny now can be correlated 
with brain activity. Our consciousness (a ‘first person 
affair’ displaying intentionality, reflecting beliefs and 
desires, etc.), our creativity, even our value systems, have a 
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basis in brain function. The author describes three 
unifying insights that correlate mind matters with brain 
activity. First, even distant neurons will establish 
meaningful connections (circuits) if their firing patterns 
are synchronized: ‘Neurons that fire together wire 
together.’ Second, experience can either strengthen or 
weaken synapses (neuronal connections). Edelman uses 
the analogy of a police officer stationed at a synapse who 
either facilitates or reduces the traffic from one neuron to 
another. The result of these first two phenomena is that 
some neural circuits end up being favored over others. 
Finally, there is reentry, the continued signaling from one 
brain region to another and back again along massively 
parallel nerve fibers. Since reentry isn't an easy concept to 
grasp, Edelman again resorts to analogy, with particular 
adeptness: ‘Consider a hypothetical string quartet made up 
of willful musicians. Each plays his or her own tune with 
different rhythm. Now connect the bodies of all the 
players with very fine threads (many of them to all body 
parts). As each player moves, he or she will unconsciously 
send waves of movement to the others. In a short time, 
the rhythm and to some extent the melodies will become 
more coherent. The dynamics will continue, leading to 
new coherent output. Something like this also occurs in 
jazz improvisation, of course without the threads!’ 
Reentry allows for distant nerve cells to influence one 
another: ‘Memory, imaging, and thought itself all depend 
on the brain 'speaking to itself.'" 

In Edelman's view sentient creatures have (to greater or 
lesser degrees) first order awareness or consciousness,  
including human beings. But such awareness is merely 
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rudimentary and is not yet self reflective; it is more akin to 
being aware of something exterior to one's self, but not 
yet being able to reflect upon what that means. It is like 
looking at a mirror but without any comprehension of 
what that reflection is or means. Second nature, or second 
order awareness, is when we look at a mirror and develop 
a feedback loop and have the ability to ponder over what 
it means. If first nature is a way for our senses to reach 
out to the world and receive stimuli and have our instincts 
respond accordingly, second nature is our ability to absorb 
such information and have the wherewithal to reconstruct 
models of varying probabilities about what this 
information means. Second nature allows us to simulate 
our environment in ways not possible with first order 
awareness. In this sense, it confers a dramatic Darwinian 
advantage because simulations allow for better odds in 
our ultimate reactions to whatever stimuli or information 
we encounter. 

As the Edelman entry on Answers.com explains further: 

“Edelman was struck by a number of similarities between 
the immune system and the nervous system. Just as a 
lymphocyte can recognize and respond to a new antigen, 
the nervous system can respond similarly to novel stimuli. 
Neural mechanisms are selected, he argued, in the same 
manner as antibodies. Although the 109 cells of the 
nervous system do not replicate, there is considerable 
scope for development and variation in the connections 
that form between the cells. Frequently used connections 
will be selected, others will decay or be diverted to other 
uses. There are two kinds of selection: developmental, 
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which takes place before birth, and experiential. There are 
also innate 'values' — built in preferences for such 
features as light and warmth over the dark and the cold. 
In Edelman's model, higher consciousness, including self-
awareness and the ability to create scenes in the mind, 
have required the emergence during evolution of a new 
neuronal circuit. To remember a chair or one's 
grandmother is not to recall a bit of coded data from a 
specific location; it is rather to create a unity out of 
scattered mappings, a process called by Edelman a 
'reentry'. Edelman's views have been dismissed by many 
as obscure; some neurologists, however, consider 
Edelman to have begun what will eventually turn out to 
be a major revolution in the neurosciences.” 

 As the Guardian newspaper elaborates: 

“The degree to which an organism is conscious is 
therefore dependent on the complexity of its brain. Large-
brained mammals such as dogs have a core self-
consciousness. Humans, perhaps uniquely, have a 
reflexive and recursive consciousness - we are conscious 
of being conscious.” 

Human consciousness is thus an evolved property, the 
inevitable consequence of having brains of a particular 
complexity. 

What David and I found most intriguing in Edelman's 
theory was his fundamental understanding of what 
consciousness does. As Steven Rose summarizes 
Edelman's definition, "What consciousness does", he says, 
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is to "inform us of our brain states and is thus central to 
our understanding." 

Awareness, therefore, is indeed a theatre for the mind in 
which varying trajectories are given stage time to play out 
their respective hunches. But because this is a theatre and 
not the outside world as such, many things are acted out 
as if they were indeed real. And herein lays the ultimate 
danger of such an awareness. One can too easily conflate 
one's neural state for the real state of the world at large. 
Freud, whom Edelman both praises and criticizes, often 
remarked that one of his greatest discoveries was psychic 
transference. As Alun Jones explains: 

“Freud described transference as ‘new editions and 
facsimiles of impulses and phantasies’ (1923/1953, p. 82) 
originating in the past. Instead of remembering, the 
person transfer attitudes and conflicts are enacted in 
current relationships, sometimes with unfortunate results. 
Manifestations are likely to occur in all human encounters; 
feelings toward the significant other often begin to 
emerge early on in relationships.” 

Freud's notion of transference is what consciousness was 
evolved to do. For instance, in our early childhood our 
awareness developed several models about what was 
happening, especially in a situational crisis. If that model 
was believed and sustained to a given extent, then it is 
quite likely to be invoked again if a similar occasion arose. 
The problem, of course, is that the new dilemma may 
have little resemblance to the prior one and thus our 
projected transference may be of little help. But even here 
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the transference is of use psychologically if we can see it 
for it was and is: "information about our brain state and 
its attendant emotions." 

While Edelman rightly discounts Freud's psychoanalytic 
technique, he does nevertheless appreciate Freud's rich 
and nuanced understanding of how consciousness may 
operate. Freud may have been technically incorrect in his 
analysis of why such mental problems arise and how to 
resolve them, but he was an insightful cartographer of 
psychic ailments. 

The problem of consciousness is, as Freud rightly 
suspected, revealed by dreaming, since it gives us a clue 
about how consciousness must have first emerged. As we 
all know there are several stages of awareness in our 
dreams—ranging from the hallucinatory and intangible 
impressions one might get from a severe lack of rest to 
the elevated heights of lucidity when one experiences an 
acute sense of clarity and self luminosity. Our waking state 
awareness is built upon the feeling of certainty, and to the 
degree that we can believe what our mind projects the 
more likely we are to act upon it, rightly or wrongly. Thus 
the hallmark of a heightened sense of awareness is how 
certain and definite it feels. This is an important feature to 
differentiate since if we lacked this clarity we would be 
less willing to act and to make choices. And if we hesitate 
in face of a real danger (a lion, a tiger, a bear, oh my!), 
then we run the very real risk of being eaten. An 
awareness that couldn't make such fine tuned adjustments 
would have been eliminated long ago in our ancestral past. 
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But herein lies the problem. To the degree that 
consciousness "works" because it conflates our brain state 
with the  current "real" state of the world around us, it 
runs the risk of not being pliable enough to adapt to a 
new set of circumstances. In other words, consciousness 
must have enough "plasticity" to make judgments that 
turn out to be wrong, provided those mistaken 
assumptions error on the side of being too conservative 
or too safe. 

A classic example of this, albeit wildly over stated here for 
our purposes, is the hypothetical case of an animator 
versus a non-animator. Imagine for argument's sake that 
hundreds of thousands of years ago there existed two 
kinds of human beings. One who tended to believe in 
animism, whereby ordinary objects possessed an 
"animated" or "vital" or "soul" force replete with the same 
kind of intentionality, though perhaps more mysterious, 
than we have. The other human being lacked such 
animating tendencies and thus had a more limited way of 
deciphering the motivations or intentions of other 
objects. Now, let's further imagine that both of these 
individuals were brothers sitting around a camp fire and 
there was the sound of a rustling bush. The animator, 
given his predisposition to project (Freud's transference 
writ early?), imagines all sorts of possibilities and because 
of the emotions he attaches to each (and keeping in mind 
the conservative nature of how such a state of awareness 
must have in order to survive) will on average try to 
protect himself and thus run and hide or protect himself 
under  the worst case scenario. The non-animator, 
however, will do no such thing and in his "realist" 
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approach most likely stay put and not animate anything 
whatsoever about the rustling bushes. 

Now it may well be that the non-animator is correct much 
more often than the animator (most of the time it is just 
the wind against the leaves), but if the animator is right 
just 1/10 of the time his conservative, though animistic, 
approach has saved his life and thereby allowed him to 
live another day in order to pass on his genetic code. The 
non-animator, even if he was correct more often than his 
counterpart, ends up eaten and dead, and thus reducing 
his chances to pass on his DNA. 

While this example is hyperbolic to the extreme, it does 
underline something about animism and about why such 
an innate tendency may have evolved in human beings. 
Projections are future oriented and any awareness that can 
better predict the future will be of some survival benefit. 
But the future is unknown, and therefore making 
predictions about it is inherently a probabilistic venture. 
Therefore if consciousness arose at least to some small 
measure as a predictor of how to react to future but 
unknown events, then it must error on the side of caution. 
Otherwise, if awareness was too adventurous whatever 
advantages it gained would be prematurely lost with one 
bad outcome. 

But this conservative approach of awareness would most 
likely only be necessary when an individual confronted 
what he or she perceived to be a "real" or "certain" crisis. 
In other words, a virtual simulator would only be cautious 
if it acted upon that simulation as if it related to a real 
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event. If, however, the virtual simulator knew or believed 
beforehand that the simulation wasn't going to be invoked 
immediately and thus could be contemplated upon 
without any empirical test, then it could allow itself the 
freedom of a wide arrange of imaginings. It could, to 
invoke a cliché, "day dream." It could fantasize. It could 
conjure up all sorts of nonsense, provided that it wasn't 
forced into an early test case. 

Here we are starting to see what dreaming portended for 
waking state awareness. Dreams, by definition, are 
subjective conjurings that arise when we are asleep. This is 
another way of saying that when consciousness doesn't 
have to "work" or be called into the line of fire, it has the 
freedom to mix and match all sorts of images and sounds 
and feelings into a Picasso like universe. 

This would be the precursor of a consciousness which 
had to act upon one of its modeling simulations. Dream 
first, act later. And this is apparently what consciousness 
has evolved to do and why it has been of such a huge 
advantage to Homo sapiens. Unlike other animals, which 
apparently do not possess Edleman's second nature, 
human beings can play out innumerable scenarios in the 
privacy and safety of their own head until such time that 
they can draw upon this rich rolodex of imagined 
trajectories and select what he or she believes is the best 
approach or model to apply to the present circumstance 
or problem. 

To appreciate how effective and powerful this tool can be 
for any competitive organism, just ask yourself this 
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question: Who would your rather have fly your airplane: a 
pilot who never underwent any flight simulations or one 
who underwent hundreds of hours in a flight simulator? 
The answer is obvious. Indeed, one can draw from many 
other professions to see the inherent advantages to virtual 
modeling or simulation. Most of the top athletes in the 
world today—from Tiger Woods to Kelly Slater to 
Michael Jordan—have repeatedly emphasized the 
importance of visualizing their performance before it 
happens. Whether it is going over and over in your head 
how to shoot a basketball in a hoop, or how to stand up 
quickly to ride a wave  at Pipeline, or how to line up a 
long putt, the more time that is spent simulating the event 
the better off one feels when actually confronting the real 
occasion. 

So if consciousness did indeed evolve over long epochs of 
time, we should expect to see varying gradations of 
awareness depending more or less on the complexity of 
the neuronal architecture that gives rise to it. Human 
awareness, though appearing unique and distinct, 
represents one end of the spectrum of consciousness. If 
awareness, as Crick and others points out, is intimately 
connected how our brain functions, then we should 
expect to see forms of higher awareness or even cognitive 
function in mammals closely aligned with us from our 
evolutionary past. And as recent studies in animal 
behavior have shown, this is precisely what researchers 
have found. As Donald R. Griffin points out in Animal 
Minds: 



EVOLUTION, CONSCIOUSNESS, AND REFLECTIONS 
	

  
	

190 

“Must we reject, or repress, any suggestion that the 
chimpanzees or the herons think consciously about the 
tasty food they manage to obtain by these coordinated 
actions? Many animals adapt their behavior to the 
challenges they face either under natural conditions or in 
laboratory experiments. This has persuaded many 
scientists that some sort of cognition must be required to 
orchestrate such versatile behavior. For example, in other 
parts of Africa chimpanzees select suitable branches from 
which they break off twigs to produce a slender probe, 
which they carry some distance to poke it into a termite 
nest and eat the termites clinging to it as it is withdrawn. 
Apes have also learned to use artificial communication 
systems to ask for objects and activities they want and to 
answer simple questions about pictures of familiar things. 
Vervet monkeys employ different alarm calls to inform 
their companions about particular types of predator. 

Such ingenuity is not limited to primates. Lionesses 
sometimes cooperate in surrounding prey or drive prey 
toward a companion waiting in a concealed position. 
Captive beaver have modified their customary patterns of 
lodge- and dam-building behavior by piling material 
around a vertical pole at the top of which was located 
food that they could not otherwise reach. They are also 
very ingenious at plugging water leaks, sometimes cutting 
pieces of wood to fit a particular hole through which 
water is escaping. Under natural conditions, in late winter 
some beaver cut holes in the dams they have previously 
constructed, causing the water level to drop, which allows 
them to swim about under the ice without holding their 
breath. 
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Nor is appropriate adaptation of complex behavior to 
changing circumstances a mammalian monopoly. 
Bowerbirds construct and decorate bowers that help them 
attract females for mating.  Plovers carry out injury-
simulating distraction displays that lead predators away 
from their eggs or young, and they adjust these displays 
according to the intruder's behavior. A parrot uses 
imitations of spoken English words to ask for things he 
wants to play with and to answer simple questions such as 
whether two objects are the same or different, or whether 
they differ in shape or color. Even certain insects, 
specifically the honeybees, employ symbolic gestures to 
communicate the direction and distance their sisters must 
fly to reach food or other things that are important to the 
colony. 

Although these are not routine everyday occurrences, the 
fact that animals are capable of such versatility has led to a 
subtle shift on the part of some scientists concerned with 
animal behavior. Rather than insisting that animals do not 
think at all, many scientists now believe that they 
sometimes experience at least simple thoughts, although  
these thoughts are probably different from any of ours. 
For example, Terrace (1987, 135) closed a discussion of 
"thoughts without words" as follows: "Now that there are 
strong grounds to dispute Descartes' contention that 
animals lack the ability to think, we have to ask just how 
animals do think." Because so many cognitive processes 
are now believed to occur in animal brains, it is more and 
more difficult to cling to the conviction that this cognition 
is never accompanied by conscious thoughts. 
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Conscious thinking may well be a core function of central 
nervous systems. For conscious animals enjoy the 
advantage of being able to think about alternative actions 
and select behavior they believe will get them what they 
want or help them avoid what they dislike or fear. Of 
course, human consciousness is astronomically more 
complex and versatile than any conceivable animal 
thinking, but the basic question addressed in this book is 
whether the difference is qualitative and absolute or 
whether animals are conscious even though the content of 
their consciousness is undoubtedly limited and very likely 
quite different from ours. There is of course no reason to 
suppose that any animal is always conscious of everything 
it is doing, for we are entirely unaware of many complex 
activities of our bodies. Consciousness may occur only 
rarely in some species and not at all in others, and even 
animals that are sometimes aware of events that are 
important in their lives may be incapable of understanding 
many other facts and relationships. But the capability of 
conscious awareness under some conditions may well be 
so essential that it is the sine qua non of animal life, even 
for the smallest and simplest animals that have any central 
nervous system at all. When the whole system is small, 
this core function may therefore be a larger fraction of the 
whole. 

Now turning our attention directly to philosophy we are 
in a better position to understand why the question "why" 
arises so often in human beings. In light of consciousness 
as a virtual simulator, any organism that can develop a 
mental "pivot" tool will have a tremendous advantage in 
thinking of new and unexpected strategies. 
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A curious, but hopefully, useful analogy can be derived 
here from a well-known sport. In basketball, for instance, 
a seasoned player knows well how to use his or her pivot 
"foot." Once one has finished dribbling the ball, he or she 
must keep one foot firmly set on the ground. The other 
foot, however, is free to "pivot" or "revolve" or "turn" 
giving one options that the other foot doesn't. 

Asking "why" is consciousness' pivot foot. It allows for a 
virtual simulator to turn and think of varying options and 
what they portend. It allows the mind to revolve and go 
into different directions. As F. Scott Fitzgerald essayed in 
his book, The Crack- Up: "The test of a first-rate 
intelligence is the ability to hold two opposed ideas in the 
mind at the same time, and still retain the ability to 
function." Why is the mind's way of allowing a multiplicity 
of ideas to compete and hopefully function better because 
of it. 

"Why" is similar to an all-purpose function key on your  
laptop computer which opens up programs that are 
otherwise hidden from display. But though asking why 
can be quite helpful in very specific situations (why does it 
rain in the winter and not the summer, for example?), it 
can also serve as unnecessary nuisance if its protestations 
cannot be adequately met. Perhaps this can help us better 
understand the wide gulf between religion and science. 
We have already admitted that for a virtual simulator to be 
highly effective it must be able to conjure up all sorts of 
imagined nonsense, provided it doesn't have to always act 
upon such in a real life situation. Science, though clearly 
built upon wild speculations and imaginings, is 
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differentiated from religion because it measures its 
successes by actually "testing" its varying models with 
each other and placing them in real life contexts to 
determine which one holds up best under rigorous 
conditions. Science, in other words, attempts to falsify 
what consciousness conjures up so as to see which model 
best explains reality. And in so doing, it allows for a 
cataloging of both its successes and failures. In this way, 
science can indeed progress because it has a built-in 
tendency to eliminate less successful theoretic conjectures. 
Religion, on the other hand, tends to accept certain 
simulations above all others without resorting to any 
empirical verification and habitually substantiates such 
imaginary permutations as being beyond physical testing. 
In this way the virtual simulation protects its integrity and 
truth value by pointing to a transcendent arbiter and 
thereby foregoing any real world competition lest it be 
eliminated by such testing. Is it merely coincidence that 
there are tens of thousands of religions in the world each 
claiming exclusive truths, but nothing comparable in the 
world of science. There isn't a Japanese physics or a 
Tibetan physics or an American physics. There is just 
physics. What country you come from is secondary. 
Gravity is universal and doesn't have different acolytes 
claiming different revelations in different tongues. But 
which geographical region you come from in religion isn't 
secondary, but primary, since as every geographer knows 
the gods change when you go to different landscapes. 

Virtual simulation can also be instrumental in helping us 
better understand why beliefs systems can be so powerful, 
even when such ideologies can be regarded as 
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wrongheaded or backward. Any meaning system, 
provided it allows one enough purpose and drive to live 
another day, is better than none at all. As the script from 
the movie, Truth Lies, explains it: 

“Our brains didn't evolve to understand the universe but 
to literally "eat" it (as in survive the local ecosystem niche 
long enough to transmit one's genetic code). Thus, we 
have invariably conflated our appetite with truth. We 
don't know the truth; we simply know what it takes for us 
to live skillfully enough so that we don't get eaten too 
young. And if we live long enough, the redundancies (or 
spandrels or secondary effects) of our enlarged cerebral 
cortex allows us the freedom to ponder imponderables 
and impute upon those mysteries all sorts of silly 
nonsense with the added caveat that such idiocy will last 
provided it floats our boat to live another day. Let me 
rephrase that: nonsense evolved as an adaptive function 
of an enlarged brain because believing nonsense makes 
MORE sense (in terms of replicating strategies) than 
coming to grips with the random chaos from which the 
universe apparently arises. Tom Blake might put it this 
way, "nature is without sentiment, but those who FEEL 
sentiments have a better chance of surviving this horror 
show than those who do not." Why? Because any 
meaning is better than no meaning even if the universe 
ultimately is devoid of purpose. As Voltaire would say in 
my twisted way of paraphrasing him, "Man would have to 
invent God even  if  such  a being didn't exist." We 
cannot live without purpose, even if that purpose is an 
adaptive fiction evolved over eons of time designed to 
blind those with such sentiments from the truth that 
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nature has no such sentiment. Ah, too much truth and 
you cannot move. Too much reality and you become 
autistic. Which is another way of saying that Jack 
Nicholson was right all along: we cannot handle the truth. 
But the truth surely has a good way of handing us. It lies 
to us in order for us to live an extra day. Think about it. 
The truth is that truth lies.” 

The idea that our brains could literally deceive us is now 
well established in neuroscience. Indeed, the brain's 
capacity for filling in objects that are not present is a 
vitally important component of how we navigate in our 
day-to-day world. As the abstract to "Perceptual filling-in 
from the edge of the blind spot" on Science Direct 
explains: 

“Looking at the world with one eye, we do not notice a 
scotoma in the receptor-free area of the visual field where 
the optic nerve leaves the eye. Rather we perceive the 
brightness, color, and texture of the adjacent   area   as   if   
they   were   actually   there.   The    mechanisms 
underlying this kind of perceptual filling-in remain 
controversial. To better understand these processes, we 
determined the minimum region around the blind spot 
that needs to be stimulated for filling-in by carefully 
mapping the blind spot and presenting individually fitted 
stimulus frames of different width around it. Uniform 
filling-in was observed with frame widths as narrow as 
0.05° visual angle for color and 0.2° for texture. Filling-in 
was incomplete, when the frame was no longer 
contiguous with the blind spot border due to an eye 
movement. These results are consistent with the idea that 
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perceptual filling-in of the blind spot depends on local 
processes generated at the physiological edge of the 
cortical representation.” 

The brain is forced to makes these "lying" choices to us as 
part of its mapping expertise. We are not seeing or 
hearing or smelling or feeling or touching the world "as it 
is," but rather as our brains "simulate" it for our 
evolutionary survival. 

In this way philosophy is a multi-faceted procedure to 
encourage more simulations versus less. When Socrates 
axiomatically stated that an unexamined life wasn't worth 
living, he was arguing that we should bring to light more 
information about why and how we make the decisions 
we do. In his own inimitable way, Socrates was provoking 
the virtual simulator which is when consciousness starts 
using its pivot foot (the "Why?") with more dexterity. 

Evolutionary philosophy is in many ways similar to the 
Churchlands' concept of eliminative materialism. When 
we scientifically advanced in astronomy, medicine, and 
physics we replaced the old and outdated concepts of our 
mythic past with new and more accurate terminology 
which reflected our new found understanding of our body 
and the universe at large. 

Thus, instead of talking about THOR, the Thunder God, 
we talked instead about electrical-magnetic currents. Thus, 
instead of talking about SPIRITS, as the causes of 
diseases, we talked about bacteria and viruses. Thus, 
instead of talking about tiny ghosts circulating throughout 
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our anatomies pulling this or that muscle, we talked about 
a central nervous system. 

In sum, we "eliminated" the gods or spirits in favor of 
more precise and accurate physiological explanations. 
Hence, the  term: "eliminative materialism." 

As a materialistic explanation evolves over time, it will 
either eliminate or reduce hitherto inexplicable 
phenomena down from the celestial region to the 
empirical arena. And in so doing, help us to better 
understand why certain events transpire in our  body, in 
our mind, in our society, and in our world. 

 Eliminative materialism is reason writ large. 

The glitch, though, is that we have allowed eliminative 
materialism to change our thinking about almost 
everything EXCEPT ourselves. 

When it comes to understanding our own motivations, we 
have (as the Churchlands' point out) resorted more or less 
to "Folk Psychology," utilizing terms such as "desire", 
"motivation", "love", "anger", and "free will", to describe 
what we believe is happening within our own beings. 

The problem with that is such terminology arises not 
from a robust neuroscientific understanding of our 
anatomies but rather arises from a centuries old 
mythic/religious comprehension of our very 
consciousness. And that's the rub. 

Where we have moved away from such religious goo 
speak in the fields of physics, astronomy, chemistry, and 
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biology, in talking about ourselves we are still stuck in pre-
rational modes of discourse. Where astronomy reflects the 
latest theories of the universe, where medicine reflects the 
latest theories of diseases, in talking about ourselves we 
tend to reflect ancient theories of human psychology. 

We resist knowing ourselves as merely this body, this 
brain, this material. As Patricia so astutely put it, "We 
don't want to be just three glorious pounds of meat." 

Well, according to eliminative materialism, that is precisely 
what "we" are. And in order to get a better understanding 
of human consciousness, neurophilosophy argues that we 
focus our attention on developing a more comprehensive 
analysis of the brain and how it "creates" self-reflective 
awareness. 

In so doing, we can then come up with a more neurally 
accurate way of describing what is going on within our 
own psyches (pun intended). Thus, instead of using the 
term "soul" we might instead use phase-specific words to 
describe the current state of awareness which are more 
neurologically correlated. 

We have already done this slightly when it comes to 
headaches. Due to our increased attention to various 
pains and  to the various drugs that are effective in 
treating them, we have become MORE aware of how to 
differentiate and thereby treat varying types of head pain. 
From Excedrin (very good for migraines because of the 
caffeine and aspirin combination) to Advil (very good for 
body and tooth aches). 
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 Hence, the neurophilosophical way to understand one's 
"soul" is to ground such ideas in the neural complex. 
What may transpire, as Francis Crick suggests in his aptly 
titled book The Astonishing Hypothesis, is that the soul 
will disappear. Why? Because there really is no soul. We 
are rather a bundle of  neurons and nerve endings tied to 
together in a huge neural complex that gives rises to 
consciousness. There is nothing meta (beyond) physical 
about us. We are physical. And that very insight will lead 
to a reinterpretation of who we are and why we are and 
how we are.' 

If consciousness does indeed serve as a virtual simulator 
with an amplified probability feedback loop, then it 
should come as no surprise that one of the more 
promising theories arising from neuroscience concerning 
how the brain works is based upon Bayesian probability 
theory. From the New Scientist: 

“Neuroscientist Karl Friston and his colleagues have 
proposed a mathematical law that some are claiming is the 
nearest thing yet to a grand unified theory of the brain. 
From this single law, Friston's group claims to be able to 
explain almost everything about our grey matter. Friston's 
ideas build on an existing theory known as the "Bayesian 
brain", which conceptualises the brain as a probability 
machine that constantly makes predictions about the 
world and then updates them based on what it senses. 
The idea was born in 1983, when Geoffrey Hinton of the 
University of Toronto in Canada and Terry Sejnowski, 
then at Johns Hopkins University in Baltimore, Maryland, 
suggested that the brain could be seen as a machine that 
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makes decisions based on the uncertainties of the outside 
world. In the 1990s, other researchers proposed that the 
brain represents knowledge of the world in terms of 
probabilities. Instead of estimating the distance to an 
object as a number, for instance, the brain would treat it 
as a range of possible values, some more likely than 
others. A crucial element of the approach is that the 
probabilities are based on experience, but they change 
when relevant new information, such   as visual 
information about the object's location, becomes 
available. ‘The brain is an inferential agent, optimising its 
models of what's going on at this moment and in the 
future,’ says Friston. In other words, the brain runs on 
Bayesian probability. Named after the 18th-century 
mathematician Thomas Bayes, this is a systematic way of 
calculating how the likelihood of an event changes as new 
information comes to light. 

Over the past decade, neuroscientists have found that real 
brains seem to work in this way. In perception and 
learning experiments, for example, people tend to make 
estimates - of the location or speed of a moving object, 
say - in a way that fits with Bayesian probability theory. 
There's also evidence that the brain makes internal 
predictions and updates them in a Bayesian manner. 
When you listen to someone talking, for example, your 
brain isn't simply receiving information, it also predicts 
what it expects to hear and constantly revises its 
predictions based on what information comes next. These 
predictions strongly influence what you actually hear, 
allowing you, for instance, to make sense of distorted or 
partially obscured speech. In fact, making predictions and 
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re-evaluating them seems to be a universal feature of the 
brain. At all times your brain is weighing its inputs and 
comparing them with internal predictions in order to 
make sense of the world. ‘It's a general computational 
principle that can explain how the brain handles problems 
ranging from low-level perception to high-level cognition,’ 
says Alex Pouget, a computational neuroscientist at the 
University of Rochester in New York (Trends in 
Neurosciences, vol 27, p 712). Friston developed the free-
energy principle to explain perception, but he now thinks 
it can be generalised to other kinds of brain processes as 
well. He claims that everything the brain does is designed 
to minimise free energy or prediction error (Synthese, vol 
159, p 417). ‘In short, everything that can change in the 
brain will change to suppress prediction errors, from the 
firing of neurons to the wiring between them, and from 
the movements of our eyes to the choices we make in 
daily life,’ he says.” 

Applying Friston's grand unified theory of the brain to 
consciousness, it can be argued that while minimizing 
prediction errors is elemental and particularly relevant for 
any modeling system working in the real world of life and 
death, the most marked feature of second order awareness 
is its dissociation from such real world onslaughts. The 
fact that our awareness can be freed from the present 
struggle for existence is perhaps why it is so useful in 
orienting us to future occasions. To make a crude analogy 
here, a drowning man doesn't have enough "free" time or 
energy to do philosophy. His first nature instincts must 
take over and his reptilian brain survival tools must kick 
into high gear. However, if the drowning man is saved 
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and is allowed enough leisure time to reflect (another 
word for simulate) upon what happened to him, he may 
be able to play out an array of options for escaping just 
such a dilemma the next time it might happen to him. But 
this presupposes a surplus of both physical and mental 
energy which is not already obliged or preoccupied with 
any over-arching present conundrums. 

In light of this necessity for leisure, it can be argued that 
philosophy can only be practiced in earnest when there is 
enough free time and energy. A pilot who is flying under 
enemy fire doesn't have the option to go and ruminate in 
his mock-up flight simulator. Likewise, philosophy can 
only arise in a sustained fashion in a culture which has 
ample time on its hand. 

Going back to our basketball analogy, the center can't use 
his or her pivot foot if he or she is too closely guarded. 
The same may also be true to some extent with the mental 
use of our pivotal "why." If conditions are too severe, we 
won't have the freedom to turn our thinking around or 
rotate our concepts in new directions. If time is of the 
essence, philosophy is not. Indeed, one can even propose 
a syllogism on the basis of this questionable claim. If you 
are doing philosophy for any measurable period of time, it 
can be taken as conclusive proof that you have too much 
of it. This, of course, is not to disparage philosophical 
inquiry but only to underline how an evolutionary 
approach to the subject uncovers the basis for why such 
an endeavor would emerge in the first place and why it 
can only be practiced under certain optimal conditions. 
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CHARLES DARWIN’S AUTOBIOGRAPHY 

[My father's autobiographical recollections, given in the present chapter, 

were written for his children,—and written without any thought that they 

would ever be published. To many this may seem an impossibility; but 

those who knew my father will understand how it was not only possible, 

but natural. The autobiography bears the heading, 'Recollections of the 

Development of my Mind and Character,' and end with the following 

note:—"Aug. 3, 1876. This sketch of my life was begun about May 28th at 

Hopedene (Mr. Hensleigh Wedgwood's house in Surrey.), and since then I 

have written for nearly an hour on most afternoons." It will easily be 

understood that, in a narrative of a personal and intimate kind written for 

his wife and children, passages should occur which must here be omitted; 

and I have not thought it necessary to indicate where such omissions are 

made. It has been found necessary to make a few corrections of obvious 

verbal slips, but the number of such alterations has been kept down to the 
minimum.—F.D.] 

A German Editor having written to me for an account of 
the development of my mind and character with some 
sketch of my autobiography, I have thought that the 
attempt would amuse me, and might possibly interest my 
children or their children. I know that it would have 
interested me greatly to have read even so short and dull a 
sketch of the mind of my grandfather, written by himself, 
and what he thought and did, and how he worked. I have 
attempted to write the following account of myself, as if I 
were a dead man in another world looking back at my 
own life. Nor have I found this difficult, for life is nearly 
over with me. I have taken no pains about my style of 
writing. 
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I was born at Shrewsbury on February 12th, 1809, and my 
earliest recollection goes back only to when I was a few 
months over four years old, when we went to near 
Abergele for sea-bathing, and I recollect some events and 
places there with some little distinctness. 

My mother died in July 1817, when I was a little over 
eight years old, and it is odd that I can remember hardly 
anything about her except her death-bed, her black velvet 
gown, and her curiously constructed work-table. In the 
spring of this same year I was sent to a day-school in 
Shrewsbury, where I stayed a year. I have been told that I 
was much slower in learning than my younger sister 
Catherine, and I believe that I was in many ways a 
naughty boy. 

By the time I went to this day-school (Kept by Rev. G. 
Case, minister of the Unitarian Chapel in the High Street. 
Mrs. Darwin was a Unitarian and attended Mr. Case's 
chapel, and my father as a little boy went there with his 
elder sisters. But both he and his brother were christened 
and intended to belong to the Church of England; and 
after his early boyhood he seems usually to have gone to 
church and not to Mr. Case's. It appears ("St. James' 
Gazette", Dec. 15, 1883) that a mural tablet has been 
erected to his memory in the chapel, which is now known 
as the 'Free Christian Church.') my taste for natural 
history, and more especially for collecting, was well 
developed. I tried to make out the names of plants (Rev. 
W.A. Leighton, who was a schoolfellow of my father's at 
Mr. Case's school, remembers his bringing a flower to 
school and saying that his mother had taught him how by 
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looking at the inside of the blossom the name of the plant 
could be discovered. Mr. Leighton goes on, "This greatly 
roused my attention and curiosity, and I enquired of him 
repeatedly how this could be done?"—but his lesson was 
naturally enough not transmissible.—F.D.), and collected 
all sorts of things, shells, seals, franks, coins, and minerals. 
The passion for collecting which leads a man to be a 
systematic naturalist, a virtuoso, or a miser, was very 
strong in me, and was clearly innate, as none of my sisters 
or brother ever had this taste. 

One little event during this year has fixed itself very firmly 
in my mind, and I hope that it has done so from my 
conscience having been afterwards sorely troubled by it; it 
is curious as showing that apparently I was interested at 
this early age in the variability of plants! I told another 
little boy (I believe it was Leighton, who afterwards 
became a well-known lichenologist and botanist), that I 
could produce variously coloured polyanthuses and 
primroses by watering them with certain coloured fluids, 
which was of course a monstrous fable, and had never 
been tried by me. I may here also confess that as a little 
boy I was much given to inventing deliberate falsehoods, 
and this was always done for the sake of causing 
excitement. For instance, I once gathered much valuable 
fruit from my father's trees and hid it in the shrubbery, 
and then ran in breathless haste to spread the news that I 
had discovered a hoard of stolen fruit. 

I must have been a very simple little fellow when I first 
went to the school. A boy of the name of Garnett took 
me into a cake shop one day, and bought some cakes for 
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which he did not pay, as the shopman trusted him. When 
we came out I asked him why he did not pay for them, 
and he instantly answered, "Why, do you not know that 
my uncle left a great sum of money to the town on 
condition that every tradesman should give whatever was 
wanted without payment to any one who wore his old hat 
and moved [it] in a particular manner?" and he then 
showed me how it was moved. He then went into another 
shop where he was trusted, and asked for some small 
article, moving his hat in the proper manner, and of 
course obtained it without payment. When we came out 
he said, "Now if you like to go by yourself into that cake-
shop (how well I remember its exact position) I will lend 
you my hat, and you can get whatever you like if you 
move the hat on your head properly." I gladly accepted 
the generous offer, and went in and asked for some cakes, 
moved the old hat and was walking out of the shop, when 
the shopman made a rush at me, so I dropped the cakes 
and ran for dear life, and was astonished by being greeted 
with shouts of laughter by my false friend Garnett. 

I can say in my own favour that I was as a boy humane, 
but I owed this entirely to the instruction and example of 
my sisters. I doubt indeed whether humanity is a natural 
or innate quality. I was very fond of collecting eggs, but I 
never took more than a single egg out of a bird's nest, 
except on one single occasion, when I took all, not for 
their value, but from a sort of bravado. 

I had a strong taste for angling, and would sit for any 
number of hours on the bank of a river or pond watching 
the float; when at Maer (The house of his uncle, Josiah 
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Wedgwood.) I was told that I could kill the worms with 
salt and water, and from that day I never spitted a living 
worm, though at the expense probably of some loss of 
success. 

Once as a very little boy whilst at the day school, or 
before that time, I acted cruelly, for I beat a puppy, I 
believe, simply from enjoying the sense of power; but the 
beating could not have been severe, for the puppy did not 
howl, of which I feel sure, as the spot was near the house. 
This act lay heavily on my conscience, as is shown by my 
remembering the exact spot where the crime was 
committed. It probably lay all the heavier from my love of 
dogs being then, and for a long time afterwards, a passion. 
Dogs seemed to know this, for I was an adept in robbing 
their love from their masters. 

I remember clearly only one other incident during this 
year whilst at Mr. Case's daily school,—namely, the burial 
of a dragoon soldier; and it is surprising how clearly I can 
still see the horse with the man's empty boots and carbine 
suspended to the saddle, and the firing over the grave. 
This scene deeply stirred whatever poetic fancy there was 
in me. 

In the summer of 1818 I went to Dr. Butler's great school 
in Shrewsbury, and remained there for seven years still 
Midsummer 1825, when I was sixteen years old. I boarded 
at this school, so that I had the great advantage of living 
the life of a true schoolboy; but as the distance was hardly 
more than a mile to my home, I very often ran there in 
the longer intervals between the callings over and before 
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locking up at night. This, I think, was in many ways 
advantageous to me by keeping up home affections and 
interests. I remember in the early part of my school life 
that I often had to run very quickly to be in time, and 
from being a fleet runner was generally successful; but 
when in doubt I prayed earnestly to God to help me, and 
I well remember that I attributed my success to the 
prayers and not to my quick running, and marvelled how 
generally I was aided. 

I have heard my father and elder sister say that I had, as a 
very young boy, a strong taste for long solitary walks; but 
what I thought about I know not. I often became quite 
absorbed, and once, whilst returning to school on the 
summit of the old fortifications round Shrewsbury, which 
had been converted into a public foot-path with no 
parapet on one side, I walked off and fell to the ground, 
but the height was only seven or eight feet. Nevertheless 
the number of thoughts which passed through my mind 
during this very short, but sudden and wholly unexpected 
fall, was astonishing, and seem hardly compatible with 
what physiologists have, I believe, proved about each 
thought requiring quite an appreciable amount of time. 

Nothing could have been worse for the development of 
my mind than Dr. Butler's school, as it was strictly 
classical, nothing else being taught, except a little ancient 
geography and history. The school as a means of 
education to me was simply a blank. During my whole life 
I have been singularly incapable of mastering any 
language. Especial attention was paid to verse-making, 
and this I could never do well. I had many friends, and 
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got together a good collection of old verses, which by 
patching together, sometimes aided by other boys, I could 
work into any subject. Much attention was paid to 
learning by heart the lessons of the previous day; this I 
could effect with great facility, learning forty or fifty lines 
of Virgil or Homer, whilst I was in morning chapel; but 
this exercise was utterly useless, for every verse was 
forgotten in forty-eight hours. I was not idle, and with the 
exception of versification, generally worked 
conscientiously at my classics, not using cribs. The sole 
pleasure I ever received from such studies, was from 
some of the odes of Horace, which I admired greatly. 

When I left the school I was for my age neither high nor 
low in it; and I believe that I was considered by all my 
masters and by my father as a very ordinary boy, rather 
below the common standard in intellect. To my deep 
mortification my father once said to me, "You care for 
nothing but shooting, dogs, and rat-catching, and you will 
be a disgrace to yourself and all your family." But my 
father, who was the kindest man I ever knew and whose 
memory I love with all my heart, must have been angry 
and somewhat unjust when he used such words. 

Looking back as well as I can at my character during my 
school life, the only qualities which at this period 
promised well for the future, were, that I had strong and 
diversified tastes, much zeal for whatever interested me, 
and a keen pleasure in understanding any complex subject 
or thing. I was taught Euclid by a private tutor, and I 
distinctly remember the intense satisfaction which the 
clear geometrical proofs gave me. I remember, with equal 
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distinctness, the delight which my uncle gave me (the 
father of Francis Galton) by explaining the principle of 
the vernier of a barometer with respect to diversified 
tastes, independently of science, I was fond of reading 
various books, and I used to sit for hours reading the 
historical plays of Shakespeare, generally in an old window 
in the thick walls of the school. I read also other poetry, 
such as Thomson's 'Seasons,' and the recently published 
poems of Byron and Scott. I mention this because later in 
life I wholly lost, to my great regret, all pleasure from 
poetry of any kind, including Shakespeare. In connection 
with pleasure from poetry, I may add that in 1822 a vivid 
delight in scenery was first awakened in my mind, during a 
riding tour on the borders of Wales, and this has lasted 
longer than any other aesthetic pleasure. 

Early in my school days a boy had a copy of the 'Wonders 
of the World,' which I often read, and disputed with other 
boys about the veracity of some of the statements; and I 
believe that this book first gave me a wish to travel in 
remote countries, which was ultimately fulfilled by the 
voyage of the "Beagle". In the latter part of my school life 
I became passionately fond of shooting; I do not believe 
that any one could have shown more zeal for the most 
holy cause than I did for shooting birds. How well I 
remember killing my first snipe, and my excitement was 
so great that I had much difficulty in reloading my gun 
from the trembling of my hands. This taste long 
continued, and I became a very good shot. When at 
Cambridge I used to practise throwing up my gun to my 
shoulder before a looking-glass to see that I threw it up 
straight. Another and better plan was to get a friend to 
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wave about a lighted candle, and then to fire at it with a 
cap on the nipple, and if the aim was accurate the little 
puff of air would blow out the candle. The explosion of 
the cap caused a sharp crack, and I was told that the tutor 
of the college remarked, "What an extraordinary thing it 
is, Mr. Darwin seems to spend hours in cracking a horse-
whip in his room, for I often hear the crack when I pass 
under his windows." 

I had many friends amongst the schoolboys, whom I 
loved dearly, and I think that my disposition was then 
very affectionate. 

With respect to science, I continued collecting minerals 
with much zeal, but quite unscientifically—all that I cared 
about was a new-named mineral, and I hardly attempted 
to classify them. I must have observed insects with some 
little care, for when ten years old (1819) I went for three 
weeks to Plas Edwards on the sea-coast in Wales, I was 
very much interested and surprised at seeing a large black 
and scarlet Hemipterous insect, many moths (Zygaena), 
and a Cicindela which are not found in Shropshire. I 
almost made up my mind to begin collecting all the 
insects which I could find dead, for on consulting my 
sister I concluded that it was not right to kill insects for 
the sake of making a collection. From reading White's 
'Selborne,' I took much pleasure in watching the habits of 
birds, and even made notes on the subject. In my 
simplicity I remember wondering why every gentleman 
did not become an ornithologist. 
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Towards the close of my school life, my brother worked 
hard at chemistry, and made a fair laboratory with proper 
apparatus in the tool-house in the garden, and I was 
allowed to aid him as a servant in most of his 
experiments. He made all the gases and many compounds, 
and I read with great care several books on chemistry, 
such as Henry and Parkes' 'Chemical Catechism.' The 
subject interested me greatly, and we often used to go on 
working till rather late at night. This was the best part of 
my education at school, for it showed me practically the 
meaning of experimental science. The fact that we worked 
at chemistry somehow got known at school, and as it was 
an unprecedented fact, I was nicknamed "Gas." I was also 
once publicly rebuked by the head-master, Dr. Butler, for 
thus wasting my time on such useless subjects; and he 
called me very unjustly a "poco curante," and as I did not 
understand what he meant, it seemed to me a fearful 
reproach. 

As I was doing no good at school, my father wisely took 
me away at a rather earlier age than usual, and sent me 
(Oct. 1825) to Edinburgh University with my brother, 
where I stayed for two years or sessions. My brother was 
completing his medical studies, though I do not believe he 
ever really intended to practise, and I was sent there to 
commence them. But soon after this period I became 
convinced from various small circumstances that my 
father would leave me property enough to subsist on with 
some comfort, though I never imagined that I should be 
so rich a man as I am; but my belief was sufficient to 
check any strenuous efforts to learn medicine. 
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The instruction at Edinburgh was altogether by lectures, 
and these were intolerably dull, with the exception of 
those on chemistry by Hope; but to my mind there are no 
advantages and many disadvantages in lectures compared 
with reading. Dr. Duncan's lectures on Materia Medica at 
8 o'clock on a winter's morning are something fearful to 
remember. Dr.—— made his lectures on human anatomy 
as dull as he was himself, and the subject disgusted me. It 
has proved one of the greatest evils in my life that I was 
not urged to practise dissection, for I should soon have 
got over my disgust; and the practice would have been 
invaluable for all my future work. This has been an 
irremediable evil, as well as my incapacity to draw. I also 
attended regularly the clinical wards in the hospital. Some 
of the cases distressed me a good deal, and I still have 
vivid pictures before me of some of them; but I was not 
so foolish as to allow this to lessen my attendance. I 
cannot understand why this part of my medical course did 
not interest me in a greater degree; for during the summer 
before coming to Edinburgh I began attending some of 
the poor people, chiefly children and women in 
Shrewsbury: I wrote down as full an account as I could of 
the case with all the symptoms, and read them aloud to 
my father, who suggested further inquiries and advised me 
what medicines to give, which I made up myself. At one 
time I had at least a dozen patients, and I felt a keen 
interest in the work. My father, who was by far the best 
judge of character whom I ever knew, declared that I 
should make a successful physician,—meaning by this one 
who would get many patients. He maintained that the 
chief element of success was exciting confidence; but 
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what he saw in me which convinced him that I should 
create confidence I know not. I also attended on two 
occasions the operating theatre in the hospital at 
Edinburgh, and saw two very bad operations, one on a 
child, but I rushed away before they were completed. Nor 
did I ever attend again, for hardly any inducement would 
have been strong enough to make me do so; this being 
long before the blessed days of chloroform. The two 
cases fairly haunted me for many a long year. 

My brother stayed only one year at the University, so that 
during the second year I was left to my own resources; 
and this was an advantage, for I became well acquainted 
with several young men fond of natural science. One of 
these was Ainsworth, who afterwards published his travels 
in Assyria; he was a Wernerian geologist, and knew a little 
about many subjects. Dr. Coldstream was a very different 
young man, prim, formal, highly religious, and most kind-
hearted; he afterwards published some good zoological 
articles. A third young man was Hardie, who would, I 
think, have made a good botanist, but died early in India. 
Lastly, Dr. Grant, my senior by several years, but how I 
became acquainted with him I cannot remember; he 
published some first-rate zoological papers, but after 
coming to London as Professor in University College, he 
did nothing more in science, a fact which has always been 
inexplicable to me. I knew him well; he was dry and 
formal in manner, with much enthusiasm beneath this 
outer crust. He one day, when we were walking together, 
burst forth in high admiration of Lamarck and his views 
on evolution. I listened in silent astonishment, and as far 
as I can judge without any effect on my mind. I had 



DARWIN 101 
	

 

	
219 

previously read the 'Zoonomia' of my grandfather, in 
which similar views are maintained, but without 
producing any effect on me. Nevertheless it is probable 
that the hearing rather early in life such views maintained 
and praised may have favoured my upholding them under 
a different form in my 'Origin of Species.' At this time I 
admired greatly the 'Zoonomia;' but on reading it a 
second time after an interval of ten or fifteen years, I was 
much disappointed; the proportion of speculation being 
so large to the facts given. 

Drs. Grant and Coldstream attended much to marine 
Zoology, and I often accompanied the former to collect 
animals in the tidal pools, which I dissected as well as I 
could. I also became friends with some of the Newhaven 
fishermen, and sometimes accompanied them when they 
trawled for oysters, and thus got many specimens. But 
from not having had any regular practice in dissection, 
and from possessing only a wretched microscope, my 
attempts were very poor. Nevertheless I made one 
interesting little discovery, and read, about the beginning 
of the year 1826, a short paper on the subject before the 
Plinian Society. This was that the so-called ova of Flustra 
had the power of independent movement by means of 
cilia, and were in fact larvae. In another short paper I 
showed that the little globular bodies which had been 
supposed to be the young state of Fucus loreus were the 
egg-cases of the wormlike Pontobdella muricata. 

The Plinian Society was encouraged and, I believe, 
founded by Professor Jameson: it consisted of students 
and met in an underground room in the University for the 
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sake of reading papers on natural science and discussing 
them. I used regularly to attend, and the meetings had a 
good effect on me in stimulating my zeal and giving me 
new congenial acquaintances. One evening a poor young 
man got up, and after stammering for a prodigious length 
of time, blushing crimson, he at last slowly got out the 
words, "Mr. President, I have forgotten what I was going 
to say." The poor fellow looked quite overwhelmed, and 
all the members were so surprised that no one could think 
of a word to say to cover his confusion. The papers which 
were read to our little society were not printed, so that I 
had not the satisfaction of seeing my paper in print; but I 
believe Dr. Grant noticed my small discovery in his 
excellent memoir on Flustra. 

I was also a member of the Royal Medical Society, and 
attended pretty regularly; but as the subjects were 
exclusively medical, I did not much care about them. 
Much rubbish was talked there, but there were some good 
speakers, of whom the best was the present Sir J. Kay-
Shuttleworth. Dr. Grant took me occasionally to the 
meetings of the Wernerian Society, where various papers 
on natural history were read, discussed, and afterwards 
published in the 'Transactions.' I heard Audubon deliver 
there some interesting discourses on the habits of N. 
American birds, sneering somewhat unjustly at Waterton. 
By the way, a negro lived in Edinburgh, who had travelled 
with Waterton, and gained his livelihood by stuffing birds, 
which he did excellently: he gave me lessons for payment, 
and I used often to sit with him, for he was a very 
pleasant and intelligent man. 
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Mr. Leonard Horner also took me once to a meeting of 
the Royal Society of Edinburgh, where I saw Sir Walter 
Scott in the chair as President, and he apologised to the 
meeting as not feeling fitted for such a position. I looked 
at him and at the whole scene with some awe and 
reverence, and I think it was owing to this visit during my 
youth, and to my having attended the Royal Medical 
Society, that I felt the honour of being elected a few years 
ago an honorary member of both these Societies, more 
than any other similar honour. If I had been told at that 
time that I should one day have been thus honoured, I 
declare that I should have thought it as ridiculous and 
improbable, as if I had been told that I should be elected 
King of England. 

During my second year at Edinburgh I attended ——'s 
lectures on Geology and Zoology, but they were 
incredibly dull. The sole effect they produced on me was 
the determination never as long as I lived to read a book 
on Geology, or in any way to study the science. Yet I feel 
sure that I was prepared for a philosophical treatment of 
the subject; for an old Mr. Cotton in Shropshire, who 
knew a good deal about rocks, had pointed out to me two 
or three years previously a well-known large erratic 
boulder in the town of Shrewsbury, called the "bell-
stone"; he told me that there was no rock of the same 
kind nearer than Cumberland or Scotland, and he 
solemnly assured me that the world would come to an end 
before any one would be able to explain how this stone 
came where it now lay. This produced a deep impression 
on me, and I meditated over this wonderful stone. So that 
I felt the keenest delight when I first read of the action of 
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icebergs in transporting boulders, and I gloried in the 
progress of Geology. Equally striking is the fact that I, 
though now only sixty-seven years old, heard the 
Professor, in a field lecture at Salisbury Craigs, discoursing 
on a trapdyke, with amygdaloidal margins and the strata 
indurated on each side, with volcanic rocks all around us, 
say that it was a fissure filled with sediment from above, 
adding with a sneer that there were men who maintained 
that it had been injected from beneath in a molten 
condition. When I think of this lecture, I do not wonder 
that I determined never to attend to Geology. 

From attending ——'s lectures, I became acquainted with 
the curator of the museum, Mr. Macgillivray, who 
afterwards published a large and excellent book on the 
birds of Scotland. I had much interesting natural-history 
talk with him, and he was very kind to me. He gave me 
some rare shells, for I at that time collected marine 
mollusca, but with no great zeal. 

My summer vacations during these two years were wholly 
given up to amusements, though I always had some book 
in hand, which I read with interest. During the summer of 
1826 I took a long walking tour with two friends with 
knapsacks on our backs through North wales. We walked 
thirty miles most days, including one day the ascent of 
Snowdon. I also went with my sister a riding tour in 
North Wales, a servant with saddle-bags carrying our 
clothes. The autumns were devoted to shooting chiefly at 
Mr. Owen's, at Woodhouse, and at my Uncle Jos's (Josiah 
Wedgwood, the son of the founder of the Etruria Works.) 
at Maer. My zeal was so great that I used to place my 
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shooting-boots open by my bed-side when I went to bed, 
so as not to lose half a minute in putting them on in the 
morning; and on one occasion I reached a distant part of 
the Maer estate, on the 20th of August for black-game 
shooting, before I could see: I then toiled on with the 
game-keeper the whole day through thick heath and 
young Scotch firs. 

I kept an exact record of every bird which I shot 
throughout the whole season. One day when shooting at 
Woodhouse with Captain Owen, the eldest son, and 
Major Hill, his cousin, afterwards Lord Berwick, both of 
whom I liked very much, I thought myself shamefully 
used, for every time after I had fired and thought that I 
had killed a bird, one of the two acted as if loading his 
gun, and cried out, "You must not count that bird, for I 
fired at the same time," and the gamekeeper, perceiving 
the joke, backed them up. After some hours they told me 
the joke, but it was no joke to me, for I had shot a large 
number of birds, but did not know how many, and could 
not add them to my list, which I used to do by making a 
knot in a piece of string tied to a button-hole. This my 
wicked friends had perceived. 

How I did enjoy shooting! But I think that I must have 
been half-consciously ashamed of my zeal, for I tried to 
persuade myself that shooting was almost an intellectual 
employment; it required so much skill to judge where to 
find most game and to hunt the dogs well. 

One of my autumnal visits to Maer in 1827 was 
memorable from meeting there Sir J. Mackintosh, who 
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was the best converser I ever listened to. I heard 
afterwards with a glow of pride that he had said, "There is 
something in that young man that interests me." This 
must have been chiefly due to his perceiving that I 
listened with much interest to everything which he said, 
for I was as ignorant as a pig about his subjects of history, 
politics, and moral philosophy. To hear of praise from an 
eminent person, though no doubt apt or certain to excite 
vanity, is, I think, good for a young man, as it helps to 
keep him in the right course. 

My visits to Maer during these two or three succeeding 
years were quite delightful, independently of the autumnal 
shooting. Life there was perfectly free; the country was 
very pleasant for walking or riding; and in the evening 
there was much very agreeable conversation, not so 
personal as it generally is in large family parties, together 
with music. In the summer the whole family used often to 
sit on the steps of the old portico, with the flower-garden 
in front, and with the steep wooded bank opposite the 
house reflected in the lake, with here and there a fish 
rising or a water-bird paddling about. Nothing has left a 
more vivid picture on my mind than these evenings at 
Maer. I was also attached to and greatly revered my Uncle 
Jos; he was silent and reserved, so as to be a rather awful 
man; but he sometimes talked openly with me. He was the 
very type of an upright man, with the clearest judgment. I 
do not believe that any power on earth could have made 
him swerve an inch from what he considered the right 
course. I used to apply to him in my mind the well-known 
ode of Horace, now forgotten by me, in which the words 
"nec vultus tyranni, etc.," come in. 
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(Justum et tenacem propositi virum 

Non civium ardor prava jubentium 

Non vultus instantis tyranni 

Mente quatit solida.) 

CAMBRIDGE 1828-1831. 

After having spent two sessions in Edinburgh, my father 
perceived, or he heard from my sisters, that I did not like 
the thought of being a physician, so he proposed that I 
should become a clergyman. He was very properly 
vehement against my turning into an idle sporting man, 
which then seemed my probable destination. I asked for 
some time to consider, as from what little I had heard or 
thought on the subject I had scruples about declaring my 
belief in all the dogmas of the Church of England; though 
otherwise I liked the thought of being a country 
clergyman. Accordingly I read with care 'Pearson on the 
Creed,' and a few other books on divinity; and as I did not 
then in the least doubt the strict and literal truth of every 
word in the Bible, I soon persuaded myself that our Creed 
must be fully accepted. 

Considering how fiercely I have been attacked by the 
orthodox, it seems ludicrous that I once intended to be a 
clergyman. Nor was this intention and my father's wish 
ever formerly given up, but died a natural death when, on 
leaving Cambridge, I joined the "Beagle" as naturalist. If 
the phrenologists are to be trusted, I was well fitted in one 
respect to be a clergyman. A few years ago the secretaries 
of a German psychological society asked me earnestly by 
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letter for a photograph of myself; and some time 
afterwards I received the proceedings of one of the 
meetings, in which it seemed that the shape of my head 
had been the subject of a public discussion, and one of 
the speakers declared that I had the bump of reverence 
developed enough for ten priests. 

As it was decided that I should be a clergyman, it was 
necessary that I should go to one of the English 
universities and take a degree; but as I had never opened a 
classical book since leaving school, I found to my dismay, 
that in the two intervening years I had actually forgotten, 
incredible as it may appear, almost everything which I had 
learnt, even to some few of the Greek letters. I did not 
therefore proceed to Cambridge at the usual time in 
October, but worked with a private tutor in Shrewsbury, 
and went to Cambridge after the Christmas vacation, early 
in 1828. I soon recovered my school standard of 
knowledge, and could translate easy Greek books, such as 
Homer and the Greek Testament, with moderate facility. 

During the three years which I spent at Cambridge my 
time was wasted, as far as the academical studies were 
concerned, as completely as at Edinburgh and at school. I 
attempted mathematics, and even went during the 
summer of 1828 with a private tutor (a very dull man) to 
Barmouth, but I got on very slowly. The work was 
repugnant to me, chiefly from my not being able to see 
any meaning in the early steps in algebra. This impatience 
was very foolish, and in after years I have deeply regretted 
that I did not proceed far enough at least to understand 
something of the great leading principles of mathematics, 
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for men thus endowed seem to have an extra sense. But I 
do not believe that I should ever have succeeded beyond a 
very low grade. With respect to Classics I did nothing 
except attend a few compulsory college lectures, and the 
attendance was almost nominal. In my second year I had 
to work for a month or two to pass the Little-Go, which I 
did easily. Again, in my last year I worked with some 
earnestness for my final degree of B.A., and brushed up 
my Classics, together with a little Algebra and Euclid, 
which latter gave me much pleasure, as it did at school. In 
order to pass the B.A. examination, it was also necessary 
to get up Paley's 'Evidences of Christianity,' and his 'Moral 
Philosophy.' This was done in a thorough manner, and I 
am convinced that I could have written out the whole of 
the 'Evidences' with perfect correctness, but not of course 
in the clear language of Paley. The logic of this book and, 
as I may add, of his 'Natural Theology,' gave me as much 
delight as did Euclid. The careful study of these works, 
without attempting to learn any part by rote, was the only 
part of the academical course which, as I then felt and as I 
still believe, was of the least use to me in the education of 
my mind. I did not at that time trouble myself about 
Paley's premises; and taking these on trust, I was charmed 
and convinced by the long line of argumentation. By 
answering well the examination questions in Paley, by 
doing Euclid well, and by not failing miserably in Classics, 
I gained a good place among the oi polloi or crowd of 
men who do not go in for honours. Oddly enough, I 
cannot remember how high I stood, and my memory 
fluctuates between the fifth, tenth, or twelfth, name on 
the list. (Tenth in the list of January 1831.) 
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Public lectures on several branches were given in the 
University, attendance being quite voluntary; but I was so 
sickened with lectures at Edinburgh that I did not even 
attend Sedgwick's eloquent and interesting lectures. Had I 
done so I should probably have become a geologist earlier 
than I did. I attended, however, Henslow's lectures on 
Botany, and liked them much for their extreme clearness, 
and the admirable illustrations; but I did not study botany. 
Henslow used to take his pupils, including several of the 
older members of the University, field excursions, on foot 
or in coaches, to distant places, or in a barge down the 
river, and lectured on the rarer plants and animals which 
were observed. These excursions were delightful. 

Although, as we shall presently see, there were some 
redeeming features in my life at Cambridge, my time was 
sadly wasted there, and worse than wasted. From my 
passion for shooting and for hunting, and, when this 
failed, for riding across country, I got into a sporting set, 
including some dissipated low-minded young men. We 
used often to dine together in the evening, though these 
dinners often included men of a higher stamp, and we 
sometimes drank too much, with jolly singing and playing 
at cards afterwards. I know that I ought to feel ashamed 
of days and evenings thus spent, but as some of my 
friends were very pleasant, and we were all in the highest 
spirits, I cannot help looking back to these times with 
much pleasure. 

But I am glad to think that I had many other friends of a 
widely different nature. I was very intimate with Whitley 
(Rev. C. Whitley, Hon. Canon of Durham, formerly 
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Reader in Natural Philosophy in Durham University.), 
who was afterwards Senior Wrangler, and we used 
continually to take long walks together. He inoculated me 
with a taste for pictures and good engravings, of which I 
bought some. I frequently went to the Fitzwilliam Gallery, 
and my taste must have been fairly good, for I certainly 
admired the best pictures, which I discussed with the old 
curator. I read also with much interest Sir Joshua 
Reynolds' book. This taste, though not natural to me, 
lasted for several years, and many of the pictures in the 
National Gallery in London gave me much pleasure; that 
of Sebastian del Piombo exciting in me a sense of 
sublimity. 

I also got into a musical set, I believe by means of my 
warm-hearted friend, Herbert (The late John Maurice 
Herbert, County Court Judge of Cardiff and the 
Monmouth Circuit.), who took a high wrangler's degree. 
From associating with these men, and hearing them play, I 
acquired a strong taste for music, and used very often to 
time my walks so as to hear on week days the anthem in 
King's College Chapel. This gave me intense pleasure, so 
that my backbone would sometimes shiver. I am sure that 
there was no affectation or mere imitation in this taste, for 
I used generally to go by myself to King's College, and I 
sometimes hired the chorister boys to sing in my rooms. 
Nevertheless I am so utterly destitute of an ear, that I 
cannot perceive a discord, or keep time and hum a tune 
correctly; and it is a mystery how I could possibly have 
derived pleasure from music. 
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My musical friends soon perceived my state, and 
sometimes amused themselves by making me pass an 
examination, which consisted in ascertaining how many 
tunes I could recognise when they were played rather 
more quickly or slowly than usual. 'God save the King,' 
when thus played, was a sore puzzle. There was another 
man with almost as bad an ear as I had, and strange to say 
he played a little on the flute. Once I had the triumph of 
beating him in one of our musical examinations. 

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

I was very successful in collecting, and invented two new 
methods; I employed a labourer to scrape during the 
winter, moss off old trees and place it in a large bag, and 
likewise to collect the rubbish at the bottom of the barges 
in which reeds are brought from the fens, and thus I got 
some very rare species. No poet ever felt more delighted 
at seeing his first poem published than I did at seeing, in 
Stephens' 'Illustrations of British Insects,' the magic 
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words, "captured by C. Darwin, Esq." I was introduced to 
entomology by my second cousin W. Darwin Fox, a 
clever and most pleasant man, who was then at Christ's 
College, and with whom I became extremely intimate. 
Afterwards I became well acquainted, and went out 
collecting, with Albert Way of Trinity, who in after years 
became a well-known archaeologist; also with H. 
Thompson of the same College, afterwards a leading 
agriculturist, chairman of a great railway, and Member of 
Parliament. It seems therefore that a taste for collecting 
beetles is some indication of future success in life! 

I am surprised what an indelible impression many of the 
beetles which I caught at Cambridge have left on my 
mind. I can remember the exact appearance of certain 
posts, old trees and banks where I made a good capture. 
The pretty Panagaeus crux-major was a treasure in those 
days, and here at Down I saw a beetle running across a 
walk, and on picking it up instantly perceived that it 
differed slightly from P. crux-major, and it turned out to 
be P. quadripunctatus, which is only a variety or closely 
allied species, differing from it very slightly in outline. I 
had never seen in those old days Licinus alive, which to an 
uneducated eye hardly differs from many of the black 
Carabidous beetles; but my sons found here a specimen, 
and I instantly recognised that it was new to me; yet I had 
not looked at a British beetle for the last twenty years. 

I have not as yet mentioned a circumstance which 
influenced my whole career more than any other. This 
was my friendship with Professor Henslow. Before 
coming up to Cambridge, I had heard of him from my 
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brother as a man who knew every branch of science, and I 
was accordingly prepared to reverence him. He kept open 
house once every week when all undergraduates, and 
some older members of the University, who were 
attached to science, used to meet in the evening. I soon 
got, through Fox, an invitation, and went there regularly. 
Before long I became well acquainted with Henslow, and 
during the latter half of my time at Cambridge took long 
walks with him on most days; so that I was called by some 
of the dons "the man who walks with Henslow;" and in 
the evening I was very often asked to join his family 
dinner. His knowledge was great in botany, entomology, 
chemistry, mineralogy, and geology. His strongest taste 
was to draw conclusions from long-continued minute 
observations. His judgment was excellent, and his whole 
mind well balanced; but I do not suppose that any one 
would say that he possessed much original genius. He was 
deeply religious, and so orthodox that he told me one day 
he should be grieved if a single word of the Thirty-nine 
Articles were altered. His moral qualities were in every 
way admirable. He was free from every tinge of vanity or 
other petty feeling; and I never saw a man who thought so 
little about himself or his own concerns. His temper was 
imperturbably good, with the most winning and courteous 
manners; yet, as I have seen, he could be roused by any 
bad action to the warmest indignation and prompt action. 

I once saw in his company in the streets of Cambridge 
almost as horrid a scene as could have been witnessed 
during the French Revolution. Two body-snatchers had 
been arrested, and whilst being taken to prison had been 
torn from the constable by a crowd of the roughest men, 
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who dragged them by their legs along the muddy and 
stony road. They were covered from head to foot with 
mud, and their faces were bleeding either from having 
been kicked or from the stones; they looked like corpses, 
but the crowd was so dense that I got only a few 
momentary glimpses of the wretched creatures. Never in 
my life have I seen such wrath painted on a man's face as 
was shown by Henslow at this horrid scene. He tried 
repeatedly to penetrate the mob; but it was simply 
impossible. He then rushed away to the mayor, telling me 
not to follow him, but to get more policemen. I forget the 
issue, except that the two men were got into the prison 
without being killed. 

Henslow's benevolence was unbounded, as he proved by 
his many excellent schemes for his poor parishioners, 
when in after years he held the living of Hitcham. My 
intimacy with such a man ought to have been, and I hope 
was, an inestimable benefit. I cannot resist mentioning a 
trifling incident, which showed his kind consideration. 
Whilst examining some pollen-grains on a damp surface, I 
saw the tubes exserted, and instantly rushed off to 
communicate my surprising discovery to him. Now I do 
not suppose any other professor of botany could have 
helped laughing at my coming in such a hurry to make 
such a communication. But he agreed how interesting the 
phenomenon was, and explained its meaning, but made 
me clearly understand how well it was known; so I left 
him not in the least mortified, but well pleased at having 
discovered for myself so remarkable a fact, but 
determined not to be in such a hurry again to 
communicate my discoveries. 
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Dr. Whewell was one of the older and distinguished men 
who sometimes visited Henslow, and on several occasions 
I walked home with him at night. Next to Sir J. 
Mackintosh he was the best converser on grave subjects 
to whom I ever listened. Leonard Jenyns (The well-known 
Soame Jenyns was cousin to Mr. Jenyns' father.), who 
afterwards published some good essays in Natural History 
(Mr. Jenyns (now Blomefield) described the fish for the 
Zoology of the "Beagle"; and is author of a long series of 
papers, chiefly Zoological.), often stayed with Henslow, 
who was his brother-in-law. I visited him at his parsonage 
on the borders of the Fens [Swaffham Bulbeck], and had 
many a good walk and talk with him about Natural 
History. I became also acquainted with several other men 
older than me, who did not care much about science, but 
were friends of Henslow. One was a Scotchman, brother 
of Sir Alexander Ramsay, and tutor of Jesus College: he 
was a delightful man, but did not live for many years. 
Another was Mr. Dawes, afterwards Dean of Hereford, 
and famous for his success in the education of the poor. 
These men and others of the same standing, together with 
Henslow, used sometimes to take distant excursions into 
the country, which I was allowed to join, and they were 
most agreeable. 

Looking back, I infer that there must have been 
something in me a little superior to the common run of 
youths, otherwise the above-mentioned men, so much 
older than me and higher in academical position, would 
never have allowed me to associate with them. Certainly I 
was not aware of any such superiority, and I remember 
one of my sporting friends, Turner, who saw me at work 
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with my beetles, saying that I should some day be a 
Fellow of the Royal Society, and the notion seemed to me 
preposterous. 

During my last year at Cambridge, I read with care and 
profound interest Humboldt's 'Personal Narrative.' This 
work, and Sir J. Herschel's 'Introduction to the Study of 
Natural Philosophy,' stirred up in me a burning zeal to 
add even the most humble contribution to the noble 
structure of Natural Science. No one or a dozen other 
books influenced me nearly so much as these two. I 
copied out from Humboldt long passages about Teneriffe, 
and read them aloud on one of the above-mentioned 
excursions, to (I think) Henslow, Ramsay, and Dawes, for 
on a previous occasion I had talked about the glories of 
Teneriffe, and some of the party declared they would 
endeavour to go there; but I think that they were only half 
in earnest. I was, however, quite in earnest, and got an 
introduction to a merchant in London to enquire about 
ships; but the scheme was, of course, knocked on the 
head by the voyage of the "Beagle". 

My summer vacations were given up to collecting beetles, 
to some reading, and short tours. In the autumn my whole 
time was devoted to shooting, chiefly at Woodhouse and 
Maer, and sometimes with young Eyton of Eyton. Upon 
the whole the three years which I spent at Cambridge 
were the most joyful in my happy life; for I was then in 
excellent health, and almost always in high spirits. 

As I had at first come up to Cambridge at Christmas, I 
was forced to keep two terms after passing my final 



EVOLUTION, CONSCIOUSNESS, AND REFLECTIONS 
	

  
	

236 

examination, at the commencement of 1831; and 
Henslow then persuaded me to begin the study of 
geology. Therefore on my return to Shropshire I 
examined sections, and coloured a map of parts round 
Shrewsbury. Professor Sedgwick intended to visit North 
Wales in the beginning of August to pursue his famous 
geological investigations amongst the older rocks, and 
Henslow asked him to allow me to accompany him. (In 
connection with this tour my father used to tell a story 
about Sedgwick: they had started from their inn one 
morning, and had walked a mile or two, when Sedgwick 
suddenly stopped, and vowed that he would return, being 
certain "that damned scoundrel" (the waiter) had not 
given the chambermaid the sixpence intrusted to him for 
the purpose. He was ultimately persuaded to give up the 
project, seeing that there was no reason for suspecting the 
waiter of especial perfidy.—F.D.) Accordingly he came 
and slept at my father's house. 

A short conversation with him during this evening 
produced a strong impression on my mind. Whilst 
examining an old gravel-pit near Shrewsbury, a labourer 
told me that he had found in it a large worn tropical 
Volute shell, such as may be seen on the chimney-pieces 
of cottages; and as he would not sell the shell, I was 
convinced that he had really found it in the pit. I told 
Sedgwick of the fact, and he at once said (no doubt truly) 
that it must have been thrown away by some one into the 
pit; but then added, if really embedded there it would be 
the greatest misfortune to geology, as it would overthrow 
all that we know about the superficial deposits of the 
Midland Counties. These gravel-beds belong in fact to the 
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glacial period, and in after years I found in them broken 
arctic shells. But I was then utterly astonished at Sedgwick 
not being delighted at so wonderful a fact as a tropical 
shell being found near the surface in the middle of 
England. Nothing before had ever made me thoroughly 
realise, though I had read various scientific books, that 
science consists in grouping facts so that general laws or 
conclusions may be drawn from them. 

Next morning we started for Llangollen, Conway, Bangor, 
and Capel Curig. This tour was of decided use in teaching 
me a little how to make out the geology of a country. 
Sedgwick often sent me on a line parallel to his, telling me 
to bring back specimens of the rocks and to mark the 
stratification on a map. I have little doubt that he did this 
for my good, as I was too ignorant to have aided him. On 
this tour I had a striking instance of how easy it is to 
overlook phenomena, however conspicuous, before they 
have been observed by any one. We spent many hours in 
Cwm Idwal, examining all the rocks with extreme care, as 
Sedgwick was anxious to find fossils in them; but neither 
of us saw a trace of the wonderful glacial phenomena all 
around us; we did not notice the plainly scored rocks, the 
perched boulders, the lateral and terminal moraines. Yet 
these phenomena are so conspicuous that, as I declared in 
a paper published many years afterwards in the 
'Philosophical Magazine' ('Philosophical Magazine,' 1842.), 
a house burnt down by fire did not tell its story more 
plainly than did this valley. If it had still been filled by a 
glacier, the phenomena would have been less distinct than 
they now are. 
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At Capel Curig I left Sedgwick and went in a straight line 
by compass and map across the mountains to Barmouth, 
never following any track unless it coincided with my 
course. I thus came on some strange wild places, and 
enjoyed much this manner of travelling. I visited 
Barmouth to see some Cambridge friends who were 
reading there, and thence returned to Shrewsbury and to 
Maer for shooting; for at that time I should have thought 
myself mad to give up the first days of partridge-shooting 
for geology or any other science. 

"VOYAGE OF THE 'BEAGLE' FROM DECEMBER 27, 1831, TO 

OCTOBER 2, 1836." 

On returning home from my short geological tour in 
North Wales, I found a letter from Henslow, informing 
me that Captain Fitz-Roy was willing to give up part of his 
own cabin to any young man who would volunteer to go 
with him without pay as naturalist to the Voyage of the 
"Beagle". I have given, as I believe, in my MS. Journal an 
account of all the circumstances which then occurred; I 
will here only say that I was instantly eager to accept the 
offer, but my father strongly objected, adding the words, 
fortunate for me, "If you can find any man of common 
sense who advises you to go I will give my consent." So I 
wrote that evening and refused the offer. On the next 
morning I went to Maer to be ready for September 1st, 
and, whilst out shooting, my uncle (Josiah Wedgwood.) 
sent for me, offering to drive me over to Shrewsbury and 
talk with my father, as my uncle thought it would be wise 
in me to accept the offer. My father always maintained 
that he was one of the most sensible men in the world, 
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and he at once consented in the kindest manner. I had 
been rather extravagant at Cambridge, and to console my 
father, said, "that I should be deuced clever to spend 
more than my allowance whilst on board the 'Beagle';" but 
he answered with a smile, "But they tell me you are very 
clever." 

Next day I started for Cambridge to see Henslow, and 
thence to London to see Fitz-Roy, and all was soon 
arranged. Afterwards, on becoming very intimate with 
Fitz-Roy, I heard that I had run a very narrow risk of 
being rejected, on account of the shape of my nose! He 
was an ardent disciple of Lavater, and was convinced that 
he could judge of a man's character by the outline of his 
features; and he doubted whether any one with my nose 
could possess sufficient energy and determination for the 
voyage. But I think he was afterwards well satisfied that 
my nose had spoken falsely. 

Fitz-Roy's character was a singular one, with very many 
noble features: he was devoted to his duty, generous to a 
fault, bold, determined, and indomitably energetic, and an 
ardent friend to all under his sway. He would undertake 
any sort of trouble to assist those whom he thought 
deserved assistance. He was a handsome man, strikingly 
like a gentleman, with highly courteous manners, which 
resembled those of his maternal uncle, the famous Lord 
Castlereagh, as I was told by the Minister at Rio. 
Nevertheless he must have inherited much in his 
appearance from Charles II., for Dr. Wallich gave me a 
collection of photographs which he had made, and I was 
struck with the resemblance of one to Fitz-Roy; and on 
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looking at the name, I found it Ch. E. Sobieski Stuart, 
Count d'Albanie, a descendant of the same monarch. 

Fitz-Roy's temper was a most unfortunate one. It was 
usually worst in the early morning, and with his eagle eye 
he could generally detect something amiss about the ship, 
and was then unsparing in his blame. He was very kind to 
me, but was a man very difficult to live with on the 
intimate terms which necessarily followed from our 
messing by ourselves in the same cabin. We had several 
quarrels; for instance, early in the voyage at Bahia, in 
Brazil, he defended and praised slavery, which I 
abominated, and told me that he had just visited a great 
slave-owner, who had called up many of his slaves and 
asked them whether they were happy, and whether they 
wished to be free, and all answered "No." I then asked 
him, perhaps with a sneer, whether he thought that the 
answer of slaves in the presence of their master was worth 
anything? This made him excessively angry, and he said 
that as I doubted his word we could not live any longer 
together. I thought that I should have been compelled to 
leave the ship; but as soon as the news spread, which it 
did quickly, as the captain sent for the first lieutenant to 
assuage his anger by abusing me, I was deeply gratified by 
receiving an invitation from all the gun-room officers to 
mess with them. But after a few hours Fitz-Roy showed 
his usual magnanimity by sending an officer to me with an 
apology and a request that I would continue to live with 
him. 

His character was in several respects one of the most 
noble which I have ever known. 
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The voyage of the "Beagle" has been by far the most 
important event in my life, and has determined my whole 
career; yet it depended on so small a circumstance as my 
uncle offering to drive me thirty miles to Shrewsbury, 
which few uncles would have done, and on such a trifle as 
the shape of my nose. I have always felt that I owe to the 
voyage the first real training or education of my mind; I 
was led to attend closely to several branches of natural 
history, and thus my powers of observation were 
improved, though they were always fairly developed. 

The investigation of the geology of all the places visited 
was far more important, as reasoning here comes into 
play. On first examining a new district nothing can appear 
more hopeless than the chaos of rocks; but by recording 
the stratification and nature of the rocks and fossils at 
many points, always reasoning and predicting what will be 
found elsewhere, light soon begins to dawn on the 
district, and the structure of the whole becomes more or 
less intelligible. I had brought with me the first volume of 
Lyell's 'Principles of Geology,' which I studied attentively; 
and the book was of the highest service to me in many 
ways. The very first place which I examined, namely St. 
Jago in the Cape de Verde islands, showed me clearly the 
wonderful superiority of Lyell's manner of treating 
geology, compared with that of any other author, whose 
works I had with me or ever afterwards read. 

Another of my occupations was collecting animals of all 
classes, briefly describing and roughly dissecting many of 
the marine ones; but from not being able to draw, and 
from not having sufficient anatomical knowledge, a great 
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pile of MS. which I made during the voyage has proved 
almost useless. I thus lost much time, with the exception 
of that spent in acquiring some knowledge of the 
Crustaceans, as this was of service when in after years I 
undertook a monograph of the Cirripedia. 

During some part of the day I wrote my Journal, and took 
much pains in describing carefully and vividly all that I 
had seen; and this was good practice. My Journal served 
also, in part, as letters to my home, and portions were sent 
to England whenever there was an opportunity. 

The above various special studies were, however, of no 
importance compared with the habit of energetic industry 
and of concentrated attention to whatever I was engaged 
in, which I then acquired. Everything about which I 
thought or read was made to bear directly on what I had 
seen or was likely to see; and this habit of mind was 
continued during the five years of the voyage. I feel sure 
that it was this training which has enabled me to do 
whatever I have done in science. 

Looking backwards, I can now perceive how my love for 
science gradually preponderated over every other taste. 
During the first two years my old passion for shooting 
survived in nearly full force, and I shot myself all the birds 
and animals for my collection; but gradually I gave up my 
gun more and more, and finally altogether, to my servant, 
as shooting interfered with my work, more especially with 
making out the geological structure of a country. I 
discovered, though unconsciously and insensibly, that the 
pleasure of observing and reasoning was a much higher 
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one than that of skill and sport. That my mind became 
developed through my pursuits during the voyage is 
rendered probable by a remark made by my father, who 
was the most acute observer whom I ever saw, of a 
sceptical disposition, and far from being a believer in 
phrenology; for on first seeing me after the voyage, he 
turned round to my sisters, and exclaimed, "Why, the 
shape of his head is quite altered." 

To return to the voyage. On September 11th (1831), I 
paid a flying visit with Fitz-Roy to the "Beagle" at 
Plymouth. Thence to Shrewsbury to wish my father and 
sisters a long farewell. On October 24th I took up my 
residence at Plymouth, and remained there until 
December 27th, when the "Beagle" finally left the shores 
of England for her circumnavigation of the world. We 
made two earlier attempts to sail, but were driven back 
each time by heavy gales. These two months at Plymouth 
were the most miserable which I ever spent, though I 
exerted myself in various ways. I was out of spirits at the 
thought of leaving all my family and friends for so long a 
time, and the weather seemed to me inexpressibly gloomy. 
I was also troubled with palpitation and pain about the 
heart, and like many a young ignorant man, especially one 
with a smattering of medical knowledge, was convinced 
that I had heart disease. I did not consult any doctor, as I 
fully expected to hear the verdict that I was not fit for the 
voyage, and I was resolved to go at all hazards. 

I need not here refer to the events of the voyage—where 
we went and what we did—as I have given a sufficiently 
full account in my published Journal. The glories of the 
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vegetation of the Tropics rise before my mind at the 
present time more vividly than anything else; though the 
sense of sublimity, which the great deserts of Patagonia 
and the forest-clad mountains of Tierra del Fuego excited 
in me, has left an indelible impression on my mind. The 
sight of a naked savage in his native land is an event 
which can never be forgotten. Many of my excursions on 
horseback through wild countries, or in the boats, some 
of which lasted several weeks, were deeply interesting: 
their discomfort and some degree of danger were at that 
time hardly a drawback, and none at all afterwards. I also 
reflect with high satisfaction on some of my scientific 
work, such as solving the problem of coral islands, and 
making out the geological structure of certain islands, for 
instance, St. Helena. Nor must I pass over the discovery 
of the singular relations of the animals and plants 
inhabiting the several islands of the Galapagos 
archipelago, and of all of them to the inhabitants of South 
America. 

As far as I can judge of myself, I worked to the utmost 
during the voyage from the mere pleasure of investigation, 
and from my strong desire to add a few facts to the great 
mass of facts in Natural Science. But I was also ambitious 
to take a fair place among scientific men,—whether more 
ambitious or less so than most of my fellow-workers, I 
can form no opinion. 

The geology of St. Jago is very striking, yet simple: a 
stream of lava formerly flowed over the bed of the sea, 
formed of triturated recent shells and corals, which it has 
baked into a hard white rock. Since then the whole island 



DARWIN 101 
	

 

	
245 

has been upheaved. But the line of white rock revealed to 
me a new and important fact, namely, that there had been 
afterwards subsidence round the craters, which had since 
been in action, and had poured forth lava. It then first 
dawned on me that I might perhaps write a book on the 
geology of the various countries visited, and this made me 
thrill with delight. That was a memorable hour to me, and 
how distinctly I can call to mind the low cliff of lava 
beneath which I rested, with the sun glaring hot, a few 
strange desert plants growing near, and with living corals 
in the tidal pools at my feet. Later in the voyage, Fitz-Roy 
asked me to read some of my Journal, and declared it 
would be worth publishing; so here was a second book in 
prospect! 

Towards the close of our voyage I received a letter whilst 
at Ascension, in which my sisters told me that Sedgwick 
had called on my father, and said that I should take a 
place among the leading scientific men. I could not at the 
time understand how he could have learnt anything of my 
proceedings, but I heard (I believe afterwards) that 
Henslow had read some of the letters which I wrote to 
him before the Philosophical Society of Cambridge (Read 
at the meeting held November 16, 1835, and printed in a 
pamphlet of 31 pages for distribution among the 
members of the Society.), and had printed them for 
private distribution. My collection of fossil bones, which 
had been sent to Henslow, also excited considerable 
attention amongst palaeontologists. After reading this 
letter, I clambered over the mountains of Ascension with 
a bounding step, and made the volcanic rocks resound 
under my geological hammer. All this shows how 
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ambitious I was; but I think that I can say with truth that 
in after years, though I cared in the highest degree for the 
approbation of such men as Lyell and Hooker, who were 
my friends, I did not care much about the general public. 
I do not mean to say that a favourable review or a large 
sale of my books did not please me greatly, but the 
pleasure was a fleeting one, and I am sure that I have 
never turned one inch out of my course to gain fame. 

FROM MY RETURN TO ENGLAND (OCTOBER 2, 1836) TO 

MY MARRIAGE (JANUARY 29, 1839.) 

These two years and three months were the most active 
ones which I ever spent, though I was occasionally 
unwell, and so lost some time. After going backwards and 
forwards several times between Shrewsbury, Maer, 
Cambridge, and London, I settled in lodgings at 
Cambridge (In Fitzwilliam Street.) on December 13th, 
where all my collections were under the care of Henslow. 
I stayed here three months, and got my minerals and 
rocks examined by the aid of Professor Miller. 

I began preparing my 'Journal of Travels,' which was not 
hard work, as my MS. Journal had been written with care, 
and my chief labour was making an abstract of my more 
interesting scientific results. I sent also, at the request of 
Lyell, a short account of my observations on the elevation 
of the coast of Chile to the Geological Society. ('Geolog. 
Soc. Proc. ii. 1838, pages 446-449.) 

On March 7th, 1837, I took lodgings in Great 
Marlborough Street in London, and remained there for 
nearly two years, until I was married. During these two 
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years I finished my Journal, read several papers before the 
Geological Society, began preparing the MS. for my 
'Geological Observations,' and arranged for the 
publication of the 'Zoology of the Voyage of the 
"Beagle".' In July I opened my first note-book for facts in 
relation to the Origin of Species, about which I had long 
reflected, and never ceased working for the next twenty 
years. 

During these two years I also went a little into society, and 
acted as one of the honorary secretaries of the Geological 
Society. I saw a great deal of Lyell. One of his chief 
characteristics was his sympathy with the work of others, 
and I was as much astonished as delighted at the interest 
which he showed when, on my return to England, I 
explained to him my views on coral reefs. This 
encouraged me greatly, and his advice and example had 
much influence on me. During this time I saw also a good 
deal of Robert Brown; I used often to call and sit with 
him during his breakfast on Sunday mornings, and he 
poured forth a rich treasure of curious observations and 
acute remarks, but they almost always related to minute 
points, and he never with me discussed large or general 
questions in science. 

During these two years I took several short excursions as 
a relaxation, and one longer one to the Parallel Roads of 
Glen Roy, an account of which was published in the 
'Philosophical Transactions.' (1839, pages 39-82.) This 
paper was a great failure, and I am ashamed of it. Having 
been deeply impressed with what I had seen of the 
elevation of the land of South America, I attributed the 
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parallel lines to the action of the sea; but I had to give up 
this view when Agassiz propounded his glacier-lake 
theory. Because no other explanation was possible under 
our then state of knowledge, I argued in favour of sea-
action; and my error has been a good lesson to me never 
to trust in science to the principle of exclusion. 

As I was not able to work all day at science, I read a good 
deal during these two years on various subjects, including 
some metaphysical books; but I was not well fitted for 
such studies. About this time I took much delight in 
Wordsworth's and Coleridge's poetry; and can boast that I 
read the 'Excursion' twice through. Formerly Milton's 
'Paradise Lost' had been my chief favourite, and in my 
excursions during the voyage of the "Beagle", when I 
could take only a single volume, I always chose Milton. 

FROM MY MARRIAGE, JANUARY 29, 1839, AND RESIDENCE 

IN UPPER GOWER STREET, TO OUR LEAVING LONDON 

AND SETTLING AT DOWN, SEPTEMBER 14, 1842. 

(After speaking of his happy married life, and of his 
children, he continues:—) 

During the three years and eight months whilst we resided 
in London, I did less scientific work, though I worked as 
hard as I possibly could, than during any other equal 
length of time in my life. This was owing to frequently 
recurring unwellness, and to one long and serious illness. 
The greater part of my time, when I could do anything, 
was devoted to my work on 'Coral Reefs,' which I had 
begun before my marriage, and of which the last proof-
sheet was corrected on May 6th, 1842. This book, though 
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a small one, cost me twenty months of hard work, as I 
had to read every work on the islands of the Pacific and to 
consult many charts. It was thought highly of by scientific 
men, and the theory therein given is, I think, now well 
established. 

No other work of mine was begun in so deductive a spirit 
as this, for the whole theory was thought out on the west 
coast of South America, before I had seen a true coral 
reef. I had therefore only to verify and extend my views 
by a careful examination of living reefs. But it should be 
observed that I had during the two previous years been 
incessantly attending to the effects on the shores of South 
America of the intermittent elevation of the land, together 
with denudation and the deposition of sediment. This 
necessarily led me to reflect much on the effects of 
subsidence, and it was easy to replace in imagination the 
continued deposition of sediment by the upward growth 
of corals. To do this was to form my theory of the 
formation of barrier-reefs and atolls. 

Besides my work on coral-reefs, during my residence in 
London, I read before the Geological Society papers on 
the Erratic Boulders of South America ('Geolog. Soc. 
Proc.' iii. 1842.), on Earthquakes ('Geolog. Trans. v. 
1840.), and on the Formation by the Agency of Earth-
worms of Mould. ('Geolog. Soc. Proc. ii. 1838.) I also 
continued to superintend the publication of the 'Zoology 
of the Voyage of the "Beagle".' Nor did I ever intermit 
collecting facts bearing on the origin of species; and I 
could sometimes do this when I could do nothing else 
from illness. 
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In the summer of 1842 I was stronger than I had been for 
some time, and took a little tour by myself in North 
Wales, for the sake of observing the effects of the old 
glaciers which formerly filled all the larger valleys. I 
published a short account of what I saw in the 
'Philosophical Magazine.' ('Philosophical Magazine,' 1842.) 
This excursion interested me greatly, and it was the last 
time I was ever strong enough to climb mountains or to 
take long walks such as are necessary for geological work. 

During the early part of our life in London, I was strong 
enough to go into general society, and saw a good deal of 
several scientific men, and other more or less 
distinguished men. I will give my impressions with respect 
to some of them, though I have little to say worth saying. 

I saw more of Lyell than of any other man, both before 
and after my marriage. His mind was characterised, as it 
appeared to me, by clearness, caution, sound judgment, 
and a good deal of originality. When I made any remark to 
him on Geology, he never rested until he saw the whole 
case clearly, and often made me see it more clearly than I 
had done before. He would advance all possible 
objections to my suggestion, and even after these were 
exhausted would long remain dubious. A second 
characteristic was his hearty sympathy with the work of 
other scientific men. (The slight repetition here 
observable is accounted for by the notes on Lyell, etc., 
having been added in April, 1881, a few years after the 
rest of the 'Recollections' were written.) 
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On my return from the voyage of the "Beagle", I 
explained to him my views on coral-reefs, which differed 
from his, and I was greatly surprised and encouraged by 
the vivid interest which he showed. His delight in science 
was ardent, and he felt the keenest interest in the future 
progress of mankind. He was very kind-hearted, and 
thoroughly liberal in his religious beliefs, or rather 
disbeliefs; but he was a strong theist. His candour was 
highly remarkable. He exhibited this by becoming a 
convert to the Descent theory, though he had gained 
much fame by opposing Lamarck's views, and this after 
he had grown old. He reminded me that I had many years 
before said to him, when discussing the opposition of the 
old school of geologists to his new views, "What a good 
thing it would be if every scientific man was to die when 
sixty years old, as afterwards he would be sure to oppose 
all new doctrines." But he hoped that now he might be 
allowed to live. 

The science of Geology is enormously indebted to 
Lyell—more so, as I believe, than to any other man who 
ever lived. When [I was] starting on the voyage of the 
"Beagle", the sagacious Henslow, who, like all other 
geologists, believed at that time in successive cataclysms, 
advised me to get and study the first volume of the 
'Principles,' which had then just been published, but on 
no account to accept the views therein advocated. How 
differently would anyone now speak of the 'Principles'! I 
am proud to remember that the first place, namely, St. 
Jago, in the Cape de Verde archipelago, in which I 
geologised, convinced me of the infinite superiority of 
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Lyell's views over those advocated in any other work 
known to me. 

The powerful effects of Lyell's works could formerly be 
plainly seen in the different progress of the science in 
France and England. The present total oblivion of Elie de 
Beaumont's wild hypotheses, such as his 'Craters of 
Elevation' and 'Lines of Elevation' (which latter 
hypothesis I heard Sedgwick at the Geological Society 
lauding to the skies), may be largely attributed to Lyell. 

I saw a good deal of Robert Brown, "facile Princeps 
Botanicorum," as he was called by Humboldt. He seemed 
to me to be chiefly remarkable for the minuteness of his 
observations, and their perfect accuracy. His knowledge 
was extraordinarily great, and much died with him, owing 
to his excessive fear of ever making a mistake. He poured 
out his knowledge to me in the most unreserved manner, 
yet was strangely jealous on some points. I called on him 
two or three times before the voyage of the "Beagle", and 
on one occasion he asked me to look through a 
microscope and describe what I saw. This I did, and 
believe now that it was the marvellous currents of 
protoplasm in some vegetable cell. I then asked him what 
I had seen; but he answered me, "That is my little secret." 

He was capable of the most generous actions. When old, 
much out of health, and quite unfit for any exertion, he 
daily visited (as Hooker told me) an old man-servant, who 
lived at a distance (and whom he supported), and read 
aloud to him. This is enough to make up for any degree of 
scientific penuriousness or jealousy. 
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I may here mention a few other eminent men, whom I 
have occasionally seen, but I have little to say about them 
worth saying. I felt a high reverence for Sir J. Herschel, 
and was delighted to dine with him at his charming house 
at the Cape of Good Hope, and afterwards at his London 
house. I saw him, also, on a few other occasions. He 
never talked much, but every word which he uttered was 
worth listening to. 

I once met at breakfast at Sir R. Murchison's house the 
illustrious Humboldt, who honoured me by expressing a 
wish to see me. I was a little disappointed with the great 
man, but my anticipations probably were too high. I can 
remember nothing distinctly about our interview, except 
that Humboldt was very cheerful and talked much. 

—reminds me of Buckle whom I once met at Hensleigh 
Wedgwood's. I was very glad to learn from him his system 
of collecting facts. He told me that he bought all the 
books which he read, and made a full index, to each, of 
the facts which he thought might prove serviceable to 
him, and that he could always remember in what book he 
had read anything, for his memory was wonderful. I asked 
him how at first he could judge what facts would be 
serviceable, and he answered that he did not know, but 
that a sort of instinct guided him. From this habit of 
making indices, he was enabled to give the astonishing 
number of references on all sorts of subjects, which may 
be found in his 'History of Civilisation.' This book I 
thought most interesting, and read it twice, but I doubt 
whether his generalisations are worth anything. Buckle 
was a great talker, and I listened to him saying hardly a 
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word, nor indeed could I have done so for he left no gaps. 
When Mrs. Farrer began to sing, I jumped up and said 
that I must listen to her; after I had moved away he 
turned around to a friend and said (as was overheard by 
my brother), "Well, Mr. Darwin's books are much better 
than his conversation." 

Of other great literary men, I once met Sydney Smith at 
Dean Milman's house. There was something inexplicably 
amusing in every word which he uttered. Perhaps this was 
partly due to the expectation of being amused. He was 
talking about Lady Cork, who was then extremely old. 
This was the lady who, as he said, was once so much 
affected by one of his charity sermons, that she borrowed 
a guinea from a friend to put in the plate. He now said "It 
is generally believed that my dear old friend Lady Cork 
has been overlooked," and he said this in such a manner 
that no one could for a moment doubt that he meant that 
his dear old friend had been overlooked by the devil. How 
he managed to express this I know not. 

I likewise once met Macaulay at Lord Stanhope's (the 
historian's) house, and as there was only one other man at 
dinner, I had a grand opportunity of hearing him 
converse, and he was very agreeable. He did not talk at all 
too much; nor indeed could such a man talk too much, as 
long as he allowed others to turn the stream of his 
conversation, and this he did allow. 

Lord Stanhope once gave me a curious little proof of the 
accuracy and fulness of Macaulay's memory: many 
historians used often to meet at Lord Stanhope's house, 
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and in discussing various subjects they would sometimes 
differ from Macaulay, and formerly they often referred to 
some book to see who was right; but latterly, as Lord 
Stanhope noticed, no historian ever took this trouble, and 
whatever Macaulay said was final. 

On another occasion I met at Lord Stanhope's house, one 
of his parties of historians and other literary men, and 
amongst them were Motley and Grote. After luncheon I 
walked about Chevening Park for nearly an hour with 
Grote, and was much interested by his conversation and 
pleased by the simplicity and absence of all pretension in 
his manners. 

Long ago I dined occasionally with the old Earl, the father 
of the historian; he was a strange man, but what little I 
knew of him I liked much. He was frank, genial, and 
pleasant. He had strongly marked features, with a brown 
complexion, and his clothes, when I saw him, were all 
brown. He seemed to believe in everything which was to 
others utterly incredible. He said one day to me, "Why 
don't you give up your fiddle-faddle of geology and 
zoology, and turn to the occult sciences!" The historian, 
then Lord Mahon, seemed shocked at such a speech to 
me, and his charming wife much amused. 

The last man whom I will mention is Carlyle, seen by me 
several times at my brother's house, and two or three 
times at my own house. His talk was very racy and 
interesting, just like his writings, but he sometimes went 
on too long on the same subject. I remember a funny 
dinner at my brother's, where, amongst a few others, were 
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Babbage and Lyell, both of whom liked to talk. Carlyle, 
however, silenced every one by haranguing during the 
whole dinner on the advantages of silence. After dinner 
Babbage, in his grimmest manner, thanked Carlyle for his 
very interesting lecture on silence. 

Carlyle sneered at almost every one: one day in my house 
he called Grote's 'History' "a fetid quagmire, with nothing 
spiritual about it." I always thought, until his 
'Reminiscences' appeared, that his sneers were partly 
jokes, but this now seems rather doubtful. His expression 
was that of a depressed, almost despondent yet 
benevolent man; and it is notorious how heartily he 
laughed. I believe that his benevolence was real, though 
stained by not a little jealousy. No one can doubt about 
his extraordinary power of drawing pictures of things and 
men—far more vivid, as it appears to me, than any drawn 
by Macaulay. Whether his pictures of men were true ones 
is another question. 

He has been all-powerful in impressing some grand moral 
truths on the minds of men. On the other hand, his views 
about slavery were revolting. In his eyes might was right. 
His mind seemed to me a very narrow one; even if all 
branches of science, which he despised, are excluded. It is 
astonishing to me that Kingsley should have spoken of 
him as a man well fitted to advance science. He laughed to 
scorn the idea that a mathematician, such as Whewell, 
could judge, as I maintained he could, of Goethe's views 
on light. He thought it a most ridiculous thing that any 
one should care whether a glacier moved a little quicker or 
a little slower, or moved at all. As far as I could judge, I 
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never met a man with a mind so ill adapted for scientific 
research. 

Whilst living in London, I attended as regularly as I could 
the meetings of several scientific societies, and acted as 
secretary to the Geological Society. But such attendance, 
and ordinary society, suited my health so badly that we 
resolved to live in the country, which we both preferred 
and have never repented of. 

RESIDENCE AT DOWN FROM SEPTEMBER 14, 1842, TO 

THE PRESENT TIME, 1876. 

After several fruitless searches in Surrey and elsewhere, 
we found this house and purchased it. I was pleased with 
the diversified appearance of vegetation proper to a chalk 
district, and so unlike what I had been accustomed to in 
the Midland counties; and still more pleased with the 
extreme quietness and rusticity of the place. It is not, 
however, quite so retired a place as a writer in a German 
periodical makes it, who says that my house can be 
approached only by a mule-track! Our fixing ourselves 
here has answered admirably in one way, which we did 
not anticipate, namely, by being very convenient for 
frequent visits from our children. 

Few persons can have lived a more retired life than we 
have done. Besides short visits to the houses of relations, 
and occasionally to the seaside or elsewhere, we have 
gone nowhere. During the first part of our residence we 
went a little into society, and received a few friends here; 
but my health almost always suffered from the 
excitement, violent shivering and vomiting attacks being 
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thus brought on. I have therefore been compelled for 
many years to give up all dinner-parties; and this has been 
somewhat of a deprivation to me, as such parties always 
put me into high spirits. From the same cause I have been 
able to invite here very few scientific acquaintances. 

My chief enjoyment and sole employment throughout life 
has been scientific work; and the excitement from such 
work makes me for the time forget, or drives quite away, 
my daily discomfort. I have therefore nothing to record 
during the rest of my life, except the publication of my 
several books. Perhaps a few details how they arose may 
be worth giving. 

MY SEVERAL PUBLICATIONS. 

In the early part of 1844, my observations on the volcanic 
islands visited during the voyage of the "Beagle" were 
published. In 1845, I took much pains in correcting a new 
edition of my 'Journal of Researches,' which was originally 
published in 1839 as part of Fitz-Roy's work. The success 
of this, my first literary child, always tickles my vanity 
more than that of any of my other books. Even to this 
day it sells steadily in England and the United States, and 
has been translated for the second time into German, and 
into French and other languages. This success of a book 
of travels, especially of a scientific one, so many years 
after its first publication, is surprising. Ten thousand 
copies have been sold in England of the second edition. 
In 1846 my 'Geological Observations on South America' 
were published. I record in a little diary, which I have 
always kept, that my three geological books ('Coral Reefs' 
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included) consumed four and a half years' steady work; 
"and now it is ten years since my return to England. How 
much time have I lost by illness?" I have nothing to say 
about these three books except that to my surprise new 
editions have lately been called for. ('Geological 
Observations,' 2nd Edit.1876. 'Coral Reefs,' 2nd Edit. 
1874.) 

In October, 1846, I began to work on 'Cirripedia.' When 
on the coast of Chile, I found a most curious form, which 
burrowed into the shells of Concholepas, and which 
differed so much from all other Cirripedes that I had to 
form a new sub-order for its sole reception. Lately an 
allied burrowing genus has been found on the shores of 
Portugal. To understand the structure of my new 
Cirripede I had to examine and dissect many of the 
common forms; and this gradually led me on to take up 
the whole group. I worked steadily on this subject for the 
next eight years, and ultimately published two thick 
volumes (Published by the Ray Society.), describing all the 
known living species, and two thin quartos on the extinct 
species. I do not doubt that Sir E. Lytton Bulwer had me 
in his mind when he introduced in one of his novels a 
Professor Long, who had written two huge volumes on 
limpets. 

Although I was employed during eight years on this work, 
yet I record in my diary that about two years out of this 
time was lost by illness. On this account I went in 1848 
for some months to Malvern for hydropathic treatment, 
which did me much good, so that on my return home I 
was able to resume work. So much was I out of health 
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that when my dear father died on November 13th, 1848, I 
was unable to attend his funeral or to act as one of his 
executors. 

My work on the Cirripedia possesses, I think, considerable 
value, as besides describing several new and remarkable 
forms, I made out the homologies of the various parts—I 
discovered the cementing apparatus, though I blundered 
dreadfully about the cement glands—and lastly I proved 
the existence in certain genera of minute males 
complemental to and parasitic on the hermaphrodites. 
This latter discovery has at last been fully confirmed; 
though at one time a German writer was pleased to 
attribute the whole account to my fertile imagination. The 
Cirripedes form a highly varying and difficult group of 
species to class; and my work was of considerable use to 
me, when I had to discuss in the 'Origin of Species' the 
principles of a natural classification. Nevertheless, I doubt 
whether the work was worth the consumption of so much 
time. 

From September 1854 I devoted my whole time to 
arranging my huge pile of notes, to observing, and to 
experimenting in relation to the transmutation of species. 
During the voyage of the "Beagle" I had been deeply 
impressed by discovering in the Pampean formation great 
fossil animals covered with armour like that on the 
existing armadillos; secondly, by the manner in which 
closely allied animals replace one another in proceeding 
southwards over the Continent; and thirdly, by the South 
American character of most of the productions of the 
Galapagos archipelago, and more especially by the manner 
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in which they differ slightly on each island of the group; 
none of the islands appearing to be very ancient in a 
geological sense. 

It was evident that such facts as these, as well as many 
others, could only be explained on the supposition that 
species gradually become modified; and the subject 
haunted me. But it was equally evident that neither the 
action of the surrounding conditions, nor the will of the 
organisms (especially in the case of plants) could account 
for the innumerable cases in which organisms of every 
kind are beautifully adapted to their habits of life—for 
instance, a woodpecker or a tree-frog to climb trees, or a 
seed for dispersal by hooks or plumes. I had always been 
much struck by such adaptations, and until these could be 
explained it seemed to me almost useless to endeavour to 
prove by indirect evidence that species have been 
modified. 

After my return to England it appeared to me that by 
following the example of Lyell in Geology, and by 
collecting all facts which bore in any way on the variation 
of animals and plants under domestication and nature, 
some light might perhaps be thrown on the whole subject. 
My first note-book was opened in July 1837. I worked on 
true Baconian principles, and without any theory collected 
facts on a wholesale scale, more especially with respect to 
domesticated productions, by printed enquiries, by 
conversation with skilful breeders and gardeners, and by 
extensive reading. When I see the list of books of all kinds 
which I read and abstracted, including whole series of 
Journals and Transactions, I am surprised at my industry. 
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I soon perceived that selection was the keystone of man's 
success in making useful races of animals and plants. But 
how selection could be applied to organisms living in a 
state of nature remained for some time a mystery to me. 

In October 1838, that is, fifteen months after I had begun 
my systematic enquiry, 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-continued 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. 

But at that time I overlooked one problem of great 
importance; and it is astonishing to me, except on the 
principle of Columbus and his egg, how I could have 
overlooked it and its solution. This problem is the 
tendency in organic beings descended from the same 
stock to diverge in character as they become modified. 
That they have diverged greatly is obvious from the 
manner in which species of all kinds can be classed under 
genera, genera under families, families under sub-orders 
and so forth; and I can remember the very spot in the 
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road, whilst in my carriage, when to my joy the solution 
occurred to me; and this was long after I had come to 
Down. The solution, as I believe, is that the modified 
offspring of all dominant and increasing forms tend to 
become adapted to many and highly diversified places in 
the economy of nature. 

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 sent it to Lyell for perusal. 

The circumstances under which I consented at the request 
of Lyell and Hooker to allow of an abstract 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, page 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 



EVOLUTION, CONSCIOUSNESS, AND REFLECTIONS 
	

  
	

264 

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. 

In September 1858 I set to work by the strong advice of 
Lyell and Hooker to prepare a volume on the 
transmutation of species, but was often interrupted by ill-
health, and short visits to Dr. Lane's delightful 
hydropathic establishment at Moor Park. I abstracted the 
MS. begun on a much larger scale in 1856, and completed 
the volume on the same reduced scale. It cost me thirteen 
months and ten days' hard labour. It was published under 
the title of the 'Origin of Species,' in November 1859. 
Though considerably added to and corrected in the later 
editions, it has remained substantially the same book. 

It is no doubt the chief work of my life. It was from the 
first highly successful. The first small edition of 1250 
copies was sold on the day of publication, and a second 
edition of 3000 copies soon afterwards. Sixteen thousand 
copies have now (1876) been sold in England; and 
considering how stiff a book it is, this is a large sale. It has 
been translated into almost every European tongue, even 
into such languages as Spanish, Bohemian, Polish, and 
Russian. It has also, according to Miss Bird, been 
translated into Japanese (Miss Bird is mistaken, as I learn 
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from Prof. Mitsukuri.—F.D.), and is there much studied. 
Even an essay in Hebrew has appeared on it, showing that 
the theory is contained in the Old Testament! The reviews 
were very numerous; for some time I collected all that 
appeared on the 'Origin' and on my related books, and 
these amount (excluding newspaper reviews) to 265; but 
after a time I gave up the attempt in despair. Many 
separate essays and books on the subject have appeared; 
and in Germany a catalogue or bibliography on 
"Darwinismus" has appeared every year or two. 

The success of the 'Origin' may, I think, be attributed in 
large part to my having long before written two 
condensed sketches, and to my having finally abstracted a 
much larger manuscript, which was itself an abstract. By 
this means I was enabled to select the more striking facts 
and conclusions. I had, also, during many years followed a 
golden rule, namely, that whenever a published fact, a new 
observation or thought came across me, which was 
opposed to my general results, to make a memorandum of 
it without fail and at once; for I had found by experience 
that such facts and thoughts were far more apt to escape 
from the memory than favourable ones. Owing to this 
habit, very few objections were raised against my views 
which I had not at least noticed and attempted to answer. 

It has sometimes been said that the success of the 'Origin' 
proved "that the subject was in the air," or "that men's 
minds were prepared for it." I do not think that this is 
strictly true, for I occasionally sounded not a few 
naturalists, and never happened to come across a single 
one who seemed to doubt about the permanence of 
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species. Even Lyell and Hooker, though they would listen 
with interest to me, never seemed to agree. I tried once or 
twice to explain to able men what I meant by Natural 
Selection, but signally failed. What I believe was strictly 
true is that innumerable well-observed facts were stored in 
the minds of naturalists ready to take their proper places 
as soon as any theory which would receive them was 
sufficiently explained. Another element in the success of 
the book was its moderate size; and this I owe to the 
appearance of Mr. Wallace's essay; had I published on the 
scale in which I began to write in 1856, the book would 
have been four or five times as large as the 'Origin,' and 
very few would have had the patience to read it. 

I gained much by my delay in publishing from about 
1839, when the theory was clearly conceived, to 1859; and 
I lost nothing by it, for I cared very little whether men 
attributed most originality to me or Wallace; and his essay 
no doubt aided in the reception of the theory. I was 
forestalled in only one important point, which my vanity 
has always made me regret, namely, the explanation by 
means of the Glacial period of the presence of the same 
species of plants and of some few animals on distant 
mountain summits and in the arctic regions. This view 
pleased me so much that I wrote it out in extenso, and I 
believe that it was read by Hooker some years before E. 
Forbes published his celebrated memoir ('Geolog. Survey 
Mem.,' 1846.) on the subject. In the very few points in 
which we differed, I still think that I was in the right. I 
have never, of course, alluded in print to my having 
independently worked out this view. 
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Hardly any point gave me so much satisfaction when I 
was at work on the 'Origin,' as the explanation of the wide 
difference in many classes between the embryo and the 
adult animal, and of the close resemblance of the embryos 
within the same class. No notice of this point was taken, 
as far as I remember, in the early reviews of the 'Origin,' 
and I recollect expressing my surprise on this head in a 
letter to Asa Gray. Within late years several reviewers 
have given the whole credit to Fritz Muller and Hackel, 
who undoubtedly have worked it out much more fully, 
and in some respects more correctly than I did. I had 
materials for a whole chapter on the subject, and I ought 
to have made the discussion longer; for it is clear that I 
failed to impress my readers; and he who succeeds in 
doing so deserves, in my opinion, all the credit. 

This leads me to remark that I have almost always been 
treated honestly by my reviewers, passing over those 
without scientific knowledge as not worthy of notice. My 
views have often been grossly misrepresented, bitterly 
opposed and ridiculed, but this has been generally done, 
as I believe, in good faith. On the whole I do not doubt 
that my works have been over and over again greatly 
overpraised. I rejoice that I have avoided controversies, 
and this I owe to Lyell, who many years ago, in reference 
to my geological works, strongly advised me never to get 
entangled in a controversy, as it rarely did any good and 
caused a miserable loss of time and temper. 

Whenever I have found out that I have blundered, or that 
my work has been imperfect, and when I have been 
contemptuously criticised, and even when I have been 
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overpraised, so that I have felt mortified, it has been my 
greatest comfort to say hundreds of times to myself that 
"I have worked as hard and as well as I could, and no man 
can do more than this." I remember when in Good 
Success Bay, in Tierra del Fuego, thinking (and, I believe, 
that I wrote home to the effect) that I could not employ 
my life better than in adding a little to Natural Science. 
This I have done to the best of my abilities, and critics 
may say what they like, but they cannot destroy this 
conviction. 

During the two last months of 1859 I was fully occupied 
in preparing a second edition of the 'Origin,' and by an 
enormous correspondence. On January 1st, 1860, I began 
arranging my notes for my work on the 'Variation of 
Animals and Plants under Domestication;' but it was not 
published until the beginning of 1868; the delay having 
been caused partly by frequent illnesses, one of which 
lasted seven months, and partly by being tempted to 
publish on other subjects which at the time interested me 
more. 

On May 15th, 1862, my little book on the 'Fertilisation of 
Orchids,' which cost me ten months' work, was published: 
most of the facts had been slowly accumulated during 
several previous years. During the summer of 1839, and, I 
believe, during the previous summer, I was led to attend 
to the cross-fertilisation of flowers by the aid of insects, 
from having come to the conclusion in my speculations 
on the origin of species, that crossing played an important 
part in keeping specific forms constant. I attended to the 
subject more or less during every subsequent summer; 
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and my interest in it was greatly enhanced by having 
procured and read in November 1841, through the advice 
of Robert Brown, a copy of C.K. Sprengel's wonderful 
book, 'Das entdeckte Geheimniss der Natur.' For some 
years before 1862 I had specially attended to the 
fertilisation of our British orchids; and it seemed to me 
the best plan to prepare as complete a treatise on this 
group of plants as well as I could, rather than to utilise the 
great mass of matter which I had slowly collected with 
respect to other plants. 

My resolve proved a wise one; for since the appearance of 
my book, a surprising number of papers and separate 
works on the fertilisation of all kinds of flowers have 
appeared: and these are far better done than I could 
possibly have effected. The merits of poor old Sprengel, 
so long overlooked, are now fully recognised many years 
after his death. 

During the same year I published in the 'Journal of the 
Linnean Society' a paper "On the Two Forms, or 
Dimorphic Condition of Primula," and during the next 
five years, five other papers on dimorphic and trimorphic 
plants. I do not think anything in my scientific life has 
given me so much satisfaction as making out the meaning 
of the structure of these plants. I had noticed in 1838 or 
1839 the dimorphism of Linum flavum, and had at first 
thought that it was merely a case of unmeaning variability. 
But on examining the common species of Primula I found 
that the two forms were much too regular and constant to 
be thus viewed. I therefore became almost convinced that 
the common cowslip and primrose were on the high road 



EVOLUTION, CONSCIOUSNESS, AND REFLECTIONS 
	

  
	

270 

to become dioecious;—that the short pistil in the one 
form, and the short stamens in the other form were 
tending towards abortion. The plants were therefore 
subjected under this point of view to trial; but as soon as 
the flowers with short pistils fertilised with pollen from 
the short stamens, were found to yield more seeds than 
any other of the four possible unions, the abortion-theory 
was knocked on the head. After some additional 
experiment, it became evident that the two forms, though 
both were perfect hermaphrodites, bore almost the same 
relation to one another as do the two sexes of an ordinary 
animal. With Lythrum we have the still more wonderful 
case of three forms standing in a similar relation to one 
another. I afterwards found that the offspring from the 
union of two plants belonging to the same forms 
presented a close and curious analogy with hybrids from 
the union of two distinct species. 

In the autumn of 1864 I finished a long paper on 
'Climbing Plants,' and sent it to the Linnean Society. The 
writing of this paper cost me four months; but I was so 
unwell when I received the proof-sheets that I was forced 
to leave them very badly and often obscurely expressed. 
The paper was little noticed, but when in 1875 it was 
corrected and published as a separate book it sold well. I 
was led to take up this subject by reading a short paper by 
Asa Gray, published in 1858. He sent me seeds, and on 
raising some plants I was so much fascinated and 
perplexed by the revolving movements of the tendrils and 
stems, which movements are really very simple, though 
appearing at first sight very complex, that I procured 
various other kinds of climbing plants, and studied the 
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whole subject. I was all the more attracted to it, from not 
being at all satisfied with the explanation which Henslow 
gave us in his lectures, about twining plants, namely, that 
they had a natural tendency to grow up in a spire. This 
explanation proved quite erroneous. Some of the 
adaptations displayed by Climbing Plants are as beautiful 
as those of Orchids for ensuring cross-fertilisation. 

My 'Variation of Animals and Plants under 
Domestication' was begun, as already stated, in the 
beginning of 1860, but was not published until the 
beginning of 1868. It was a big book, and cost me four 
years and two months' hard labour. It gives all my 
observations and an immense number of facts collected 
from various sources, about our domestic productions. In 
the second volume the causes and laws of variation, 
inheritance, etc., are discussed as far as our present state 
of knowledge permits. Towards the end of the work I give 
my well-abused hypothesis of Pangenesis. An unverified 
hypothesis is of little or no value; but if anyone should 
hereafter be led to make observations by which some 
such hypothesis could be established, I shall have done 
good service, as an astonishing number of isolated facts 
can be thus connected together and rendered intelligible. 
In 1875 a second and largely corrected edition, which cost 
me a good deal of labour, was brought out. 

My 'Descent of Man' was published in February, 1871. As 
soon as I had become, in the year 1837 or 1838, 
convinced that species were mutable productions, I could 
not avoid the belief that man must come under the same 
law. Accordingly I collected notes on the subject for my 
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own satisfaction, and not for a long time with any 
intention of publishing. Although in the 'Origin of 
Species' the derivation of any particular species is never 
discussed, yet I thought it best, in order that no 
honourable man should accuse me of concealing my 
views, to add that by the work "light would be thrown on 
the origin of man and his history." It would have been 
useless and injurious to the success of the book to have 
paraded, without giving any evidence, my conviction with 
respect to his origin. 

But when I found that many naturalists fully accepted the 
doctrine of the evolution of species, it seemed to me 
advisable to work up such notes as I possessed, and to 
publish a special treatise on the origin of man. I was the 
more glad to do so, as it gave me an opportunity of fully 
discussing sexual selection—a subject which had always 
greatly interested me. This subject, and that of the 
variation of our domestic productions, together with the 
causes and laws of variation, inheritance, and the 
intercrossing of plants, are the sole subjects which I have 
been able to write about in full, so as to use all the 
materials which I have collected. The 'Descent of Man' 
took me three years to write, but then as usual some of 
this time was lost by ill health, and some was consumed 
by preparing new editions and other minor works. A 
second and largely corrected edition of the 'Descent' 
appeared in 1874. 

My book on the 'Expression of the Emotions in Men and 
Animals' was published in the autumn of 1872. I had 
intended to give only a chapter on the subject in the 
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'Descent of Man,' but as soon as I began to put my notes 
together, I saw that it would require a separate treatise. 

My first child was born on December 27th, 1839, and I at 
once commenced to make notes on the first dawn of the 
various expressions which he exhibited, for I felt 
convinced, even at this early period, that the most 
complex and fine shades of expression must all have had a 
gradual and natural origin. During the summer of the 
following year, 1840, I read Sir C. Bell's admirable work 
on expression, and this greatly increased the interest 
which I felt in the subject, though I could not at all agree 
with his belief that various muscles had been specially 
created for the sake of expression. From this time forward 
I occasionally attended to the subject, both with respect to 
man and our domesticated animals. My book sold largely; 
5267 copies having been disposed of on the day of 
publication. 

In the summer of 1860 I was idling and resting near 
Hartfield, where two species of Drosera abound; and I 
noticed that numerous insects had been entrapped by the 
leaves. I carried home some plants, and on giving them 
insects saw the movements of the tentacles, and this made 
me think it probable that the insects were caught for some 
special purpose. Fortunately a crucial test occurred to me, 
that of placing a large number of leaves in various 
nitrogenous and non-nitrogenous fluids of equal density; 
and as soon as I found that the former alone excited 
energetic movements, it was obvious that here was a fine 
new field for investigation. 
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During subsequent years, whenever I had leisure, I 
pursued my experiments, and my book on 'Insectivorous 
Plants' was published in July 1875—that is, sixteen years 
after my first observations. The delay in this case, as with 
all my other books, has been a great advantage to me; for 
a man after a long interval can criticise his own work, 
almost as well as if it were that of another person. The 
fact that a plant should secrete, when properly excited, a 
fluid containing an acid and ferment, closely analogous to 
the digestive fluid of an animal, was certainly a remarkable 
discovery. 

During this autumn of 1876 I shall publish on the 'Effects 
of Cross and Self-Fertilisation in the Vegetable Kingdom.' 
This book will form a complement to that on the 
'Fertilisation of Orchids,' in which I showed how perfect 
were the means for cross-fertilisation, and here I shall 
show how important are the results. I was led to make, 
during eleven years, the numerous experiments recorded 
in this volume, by a mere accidental observation; and 
indeed it required the accident to be repeated before my 
attention was thoroughly aroused to the remarkable fact 
that seedlings of self-fertilised parentage are inferior, even 
in the first generation, in height and vigour to seedlings of 
cross-fertilised parentage. I hope also to republish a 
revised edition of my book on Orchids, and hereafter my 
papers on dimorphic and trimorphic plants, together with 
some additional observations on allied points which I 
never have had time to arrange. My strength will then 
probably be exhausted, and I shall be ready to exclaim 
"Nunc dimittis." 
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WRITTEN MAY 1ST, 1881. 

'The Effects of Cross and Self-Fertilisation' was published 
in the autumn of 1876; and the results there arrived at 
explain, as I believe, the endless and wonderful 
contrivances for the transportal of pollen from one plant 
to another of the same species. I now believe, however, 
chiefly from the observations of Hermann Muller, that I 
ought to have insisted more strongly than I did on the 
many adaptations for self-fertilisation; though I was well 
aware of many such adaptations. A much enlarged edition 
of my 'Fertilisation of Orchids' was published in 1877. 

In this same year 'The Different Forms of Flowers, etc.,' 
appeared, and in 1880 a second edition. This book 
consists chiefly of the several papers on Heterostyled 
flowers originally published by the Linnean Society, 
corrected, with much new matter added, together with 
observations on some other cases in which the same plant 
bears two kinds of flowers. As before remarked, no little 
discovery of mine ever gave me so much pleasure as the 
making out the meaning of heterostyled flowers. The 
results of crossing such flowers in an illegitimate manner, 
I believe to be very important, as bearing on the sterility 
of hybrids; although these results have been noticed by 
only a few persons. 

In 1879, I had a translation of Dr. Ernst Krause's 'Life of 
Erasmus Darwin' published, and I added a sketch of his 
character and habits from material in my possession. 
Many persons have been much interested by this little life, 
and I am surprised that only 800 or 900 copies were sold. 
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In 1880 I published, with [my son] Frank's assistance, our 
'Power of Movement in Plants.' This was a tough piece of 
work. The book bears somewhat the same relation to my 
little book on 'Climbing Plants,' which 'Cross-Fertilisation' 
did to the 'Fertilisation of Orchids;' for in accordance with 
the principle of evolution it was impossible to account for 
climbing plants having been developed in so many widely 
different groups unless all kinds of plants possess some 
slight power of movement of an analogous kind. This I 
proved to be the case; and I was further led to a rather 
wide generalisation, viz. that the great and important 
classes of movements, excited by light, the attraction of 
gravity, etc., are all modified forms of the fundamental 
movement of circumnutation. It has always pleased me to 
exalt plants in the scale of organised beings; and I 
therefore felt an especial pleasure in showing how many 
and what admirably well adapted movements the tip of a 
root possesses. 

I have now (May 1, 1881) sent to the printers the MS. of a 
little book on 'The Formation of Vegetable Mould, 
through the Action of Worms.' This is a subject of but 
small importance; and I know not whether it will interest 
any readers (Between November 1881 and February 1884, 
8500 copies have been sold.), but it has interested me. It is 
the completion of a short paper read before the 
Geological Society more than forty years ago, and has 
revived old geological thoughts. 

I have now mentioned all the books which I have 
published, and these have been the milestones in my life, 
so that little remains to be said. I am not conscious of any 
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change in my mind during the last thirty years, excepting 
in one point presently to be mentioned; nor, indeed, could 
any change have been expected unless one of general 
deterioration. But my father lived to his eighty-third year 
with his mind as lively as ever it was, and all his faculties 
undimmed; and I hope that I may die before my mind 
fails to a sensible extent. I think that I have become a little 
more skilful in guessing right explanations and in devising 
experimental tests; but this may probably be the result of 
mere practice, and of a larger store of knowledge. I have 
as much difficulty as ever in expressing myself clearly and 
concisely; and this difficulty has caused me a very great 
loss of time; but it has had the compensating advantage of 
forcing me to think long and intently about every 
sentence, and thus I have been led to see errors in 
reasoning and in my own observations or those of others. 

There seems to be a sort of fatality in my mind leading me 
to put at first my statement or proposition in a wrong or 
awkward form. Formerly I used to think about my 
sentences before writing them down; but for several years 
I have found that it saves time to scribble in a vile hand 
whole pages as quickly as I possibly can, contracting half 
the words; and then correct deliberately. Sentences thus 
scribbled down are often better ones than I could have 
written deliberately. 

Having said thus much about my manner of writing, I will 
add that with my large books I spend a good deal of time 
over the general arrangement of the matter. I first make 
the rudest outline in two or three pages, and then a larger 
one in several pages, a few words or one word standing 
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for a whole discussion or series of facts. Each one of 
these headings is again enlarged and often transferred 
before I begin to write in extenso. As in several of my 
books facts observed by others have been very extensively 
used, and as I have always had several quite distinct 
subjects in hand at the same time, I may mention that I 
keep from thirty to forty large portfolios, in cabinets with 
labelled shelves, into which I can at once put a detached 
reference or memorandum. I have bought many books, 
and at their ends I make an index of all the facts that 
concern my work; or, if the book is not my own, write out 
a separate abstract, and of such abstracts I have a large 
drawer full. Before beginning on any subject I look to all 
the short indexes and make a general and classified index, 
and by taking the one or more proper portfolios I have all 
the information collected during my life ready for use. 

I have said that in one respect my mind has changed 
during the last twenty or thirty years. Up to the age of 
thirty, or beyond it, poetry of many kinds, such as the 
works of Milton, Gray, Byron, Wordsworth, Coleridge, 
and Shelley, gave me great pleasure, and even as a 
schoolboy I took intense delight in Shakespeare, especially 
in the historical plays. I have also said that formerly 
pictures gave me considerable, and music very great 
delight. But now for many years I cannot endure to read a 
line of poetry: I have tried lately to read Shakespeare, and 
found it so intolerably dull that it nauseated me. I have 
also almost lost my taste for pictures or music. Music 
generally sets me thinking too energetically on what I have 
been at work on, instead of giving me pleasure. I retain 
some taste for fine scenery, but it does not cause me the 
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exquisite delight which it formerly did. On the other hand, 
novels which are works of the imagination, though not of 
a very high order, have been for years a wonderful relief 
and pleasure to me, and I often bless all novelists. A 
surprising number have been read aloud to me, and I like 
all if moderately good, and if they do not end unhappily—
against which a law ought to be passed. A novel, 
according to my taste, does not come into the first class 
unless it contains some person whom one can thoroughly 
love, and if a pretty woman all the better. 

This curious and lamentable loss of the higher aesthetic 
tastes is all the odder, as books on history, biographies, 
and travels (independently of any scientific facts which 
they may contain), and essays on all sorts of subjects 
interest me as much as ever they did. My mind seems to 
have become a kind of machine for grinding general laws 
out of large collections of facts, but why this should have 
caused the atrophy of that part of the brain alone, on 
which the higher tastes depend, I cannot conceive. A man 
with a mind more highly organised or better constituted 
than mine, would not, I suppose, have thus suffered; and 
if I had to live my life again, I would have made a rule to 
read some poetry and listen to some music at least once 
every week; for perhaps the parts of my brain now 
atrophied would thus have been kept active through use. 
The loss of these tastes is a loss of happiness, and may 
possibly be injurious to the intellect, and more probably 
to the moral character, by enfeebling the emotional part 
of our nature. 
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My books have sold largely in England, have been 
translated into many languages, and passed through 
several editions in foreign countries. I have heard it said 
that the success of a work abroad is the best test of its 
enduring value. I doubt whether this is at all trustworthy; 
but judged by this standard my name ought to last for a 
few years. Therefore it may be worth while to try to 
analyse the mental qualities and the conditions on which 
my success has depended; though I am aware that no man 
can do this correctly. 

I have no great quickness of apprehension or wit which is 
so remarkable in some clever men, for instance, Huxley. I 
am therefore a poor critic: a paper or book, when first 
read, generally excites my admiration, and it is only after 
considerable reflection that I perceive the weak points. 
My power to follow a long and purely abstract train of 
thought is very limited; and therefore I could never have 
succeeded with metaphysics or mathematics. My memory 
is extensive, yet hazy: it suffices to make me cautious by 
vaguely telling me that I have observed or read something 
opposed to the conclusion which I am drawing, or on the 
other hand in favour of it; and after a time I can generally 
recollect where to search for my authority. So poor in one 
sense is my memory, that I have never been able to 
remember for more than a few days a single date or a line 
of poetry. 

Some of my critics have said, "Oh, he is a good observer, 
but he has no power of reasoning!" I do not think that 
this can be true, for the 'Origin of Species' is one long 
argument from the beginning to the end, and it has 



DARWIN 101 
	

 

	
281 

convinced not a few able men. No one could have written 
it without having some power of reasoning. I have a fair 
share of invention, and of common sense or judgment, 
such as every fairly successful lawyer or doctor must have, 
but not, I believe, in any higher degree. 

On the favourable side of the balance, I think that I am 
superior to the common run of men in noticing things 
which easily escape attention, and in observing them 
carefully. My industry has been nearly as great as it could 
have been in the observation and collection of facts. What 
is far more important, my love of natural science has been 
steady and ardent. 

This pure love has, however, been much aided by the 
ambition to be esteemed by my fellow naturalists. From 
my early youth I have had the strongest desire to 
understand or explain whatever I observed,—that is, to 
group all facts under some general laws. These causes 
combined have given me the patience to reflect or ponder 
for any number of years over any unexplained problem. 
As far as I can judge, I am not apt to follow blindly the 
lead of other men. I have steadily endeavoured to keep 
my mind free so as to give up any hypothesis, however 
much beloved (and I cannot resist forming one on every 
subject), as soon as facts are shown to be opposed to it. 
Indeed, I have had no choice but to act in this manner, 
for with the exception of the Coral Reefs, I cannot 
remember a single first-formed hypothesis which had not 
after a time to be given up or greatly modified. This has 
naturally led me to distrust greatly deductive reasoning in 
the mixed sciences. On the other hand, I am not very 
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sceptical,—a frame of mind which I believe to be 
injurious to the progress of science. A good deal of 
scepticism in a scientific man is advisable to avoid much 
loss of time, but I have met with not a few men, who, I 
feel sure, have often thus been deterred from experiment 
or observations, which would have proved directly or 
indirectly serviceable. 

In illustration, I will give the oddest case which I have 
known. A gentleman (who, as I afterwards heard, is a 
good local botanist) wrote to me from the Eastern 
counties that the seed or beans of the common field-bean 
had this year everywhere grown on the wrong side of the 
pod. I wrote back, asking for further information, as I did 
not understand what was meant; but I did not receive any 
answer for a very long time. I then saw in two 
newspapers, one published in Kent and the other in 
Yorkshire, paragraphs stating that it was a most 
remarkable fact that "the beans this year had all grown on 
the wrong side." So I thought there must be some 
foundation for so general a statement. Accordingly, I went 
to my gardener, an old Kentish man, and asked him 
whether he had heard anything about it, and he answered, 
"Oh, no, sir, it must be a mistake, for the beans grow on 
the wrong side only on leap-year, and this is not leap-
year." I then asked him how they grew in common years 
and how on leap-years, but soon found that he knew 
absolutely nothing of how they grew at any time, but he 
stuck to his belief. 

After a time I heard from my first informant, who, with 
many apologies, said that he should not have written to 
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me had he not heard the statement from several intelligent 
farmers; but that he had since spoken again to every one 
of them, and not one knew in the least what he had 
himself meant. So that here a belief—if indeed a 
statement with no definite idea attached to it can be called 
a belief—had spread over almost the whole of England 
without any vestige of evidence. 

I have known in the course of my life only three 
intentionally falsified statements, and one of these may 
have been a hoax (and there have been several scientific 
hoaxes) which, however, took in an American Agricultural 
Journal. It related to the formation in Holland of a new 
breed of oxen by the crossing of distinct species of Bos 
(some of which I happen to know are sterile together), 
and the author had the impudence to state that he had 
corresponded with me, and that I had been deeply 
impressed with the importance of his result. The article 
was sent to me by the editor of an English Agricultural 
Journal, asking for my opinion before republishing it. 

A second case was an account of several varieties, raised 
by the author from several species of Primula, which had 
spontaneously yielded a full complement of seed, 
although the parent plants had been carefully protected 
from the access of insects. This account was published 
before I had discovered the meaning of heterostylism, and 
the whole statement must have been fraudulent, or there 
was neglect in excluding insects so gross as to be scarcely 
credible. 
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The third case was more curious: Mr. Huth published in 
his book on 'Consanguineous Marriage' some long 
extracts from a Belgian author, who stated that he had 
interbred rabbits in the closest manner for very many 
generations, without the least injurious effects. The 
account was published in a most respectable Journal, that 
of the Royal Society of Belgium; but I could not avoid 
feeling doubts—I hardly know why, except that there 
were no accidents of any kind, and my experience in 
breeding animals made me think this very improbable. 

So with much hesitation I wrote to Professor Van 
Beneden, asking him whether the author was a 
trustworthy man. I soon heard in answer that the Society 
had been greatly shocked by discovering that the whole 
account was a fraud. (The falseness of the published 
statements on which Mr. Huth relied has been pointed 
out by himself in a slip inserted in all the copies of his 
book which then remained unsold.) The writer had been 
publicly challenged in the Journal to say where he had 
resided and kept his large stock of rabbits while carrying 
on his experiments, which must have consumed several 
years, and no answer could be extracted from him. 

My habits are methodical, and this has been of not a little 
use for my particular line of work. Lastly, I have had 
ample leisure from not having to earn my own bread. 
Even ill-health, though it has annihilated several years of 
my life, has saved me from the distractions of society and 
amusement. 
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Therefore my success as a man of science, whatever this 
may have amounted to, has been determined, as far as I 
can judge, by complex and diversified mental qualities and 
conditions. Of these, the most important have been—the 
love of science—unbounded patience in long reflecting 
over any subject—industry in observing and collecting 
facts—and a fair share of invention as well as of common 
sense. With such moderate abilities as I possess, it is truly 
surprising that I should have influenced to a considerable 
extent the belief of scientific men on some important 
points. 
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