Singing Darwin
24-Hour Timeline And Page Numbers

1.

7-8 PM Nov. 23

pp. 1- 21 Introduction.
p. 1 While on board H.M.S. ‘Beagle’ as a naturalist I was much struck with certain facts
in the distribution of the inhabitants of South America, and in the geological relations of
the present to the past inhabitants of that continent. These facts seemed to me to throw
some light on the origin of species—that mystery of mysteries, as it has been called by
one of our great 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, an 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 pursed 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.
Celeste’s piece: p 3
Bob’s piece, Living Darwin, p. 6
p. 1 Chapter I. Variation Under Domestication. There are many laws regulating variation,
some few of which can be dimly seen, and will be hereafter briefly mentioned. I will here
only allude to what may be called correlation of growth. Any change in the embryo or
larva will almost certainly entail changes in the mature animal. In monstrosities, the
correlations between quite distinct parts are very curious; and many instances are given
in Isidore Geoffroy St. Hilaire's great work on this subject. Breeders believe that long
limbs are almost always accompanied by an elongated head. Some instances of
correlation are quite whimsical: thus cats with blue eyes are invariably deaf; colour and
constitutional peculiarities go together, of which many remarkable cases could be given
amongst animals and plants. From the facts collected by Heusinger, it appears that white
sheep and pigs are differently affected from coloured individuals by certain vegetable
poisons. Hairless dogs have imperfect teeth; long-haired and coarse-haired animals are
apt to have, as is asserted, long or many horns; pigeons with feathered feet have skin
between their outer toes; pigeons with short beaks have small feet, and those with long

beaks large feet. Hence, if man goes on selecting, and thus augmenting, any peculiarity,
he will almost certainly unconsciously modify other parts of the structure, owing to the
mysterious laws of the correlation of growth.
The result of the various, quite unknown, or dimly seen laws of variation is infinitely
complex and diversified. It is well worth while carefully to study the several treatises
published on some of our old cultivated plants, as on the hyacinth, potato, even the
dahlia, &c.; and it is really surprising to note the endless points in structure and
constitution in which the varieties and sub-varieties differ slightly from each other. The
whole organisation seems to have become plastic, and tends to depart in some small
degree from that of the parental type.
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pp. 21-40 On the Breeds of the Domestic Pigeon.—Believing that it is always best to
study some special group, I have, after deliberation, taken up domestic pigeons. I have
kept every breed which I could purchase or obtain, and have been most kindly favoured
with skins from several quarters of the world, more especially by the Hon. W. Elliot from
India, and by the Hon. C. Murray from Persia. Many treatises in different languages have
been published on pigeons, and some of them are very important, as being of
considerable antiquity. I have associated with several eminent fanciers, and have been
permitted to join two of the London Pigeon Clubs. The diversity of the breeds is
something astonishing. Compare the English carrier and the short-faced tumbler, and
see the wonderful difference in their beaks, entailing corresponding differences in their
skulls. The carrier, more especially the male bird, is also remarkable from the wonderful
development of the carunculated skin about the head, and this is accompanied by
greatly elongated eyelids, very large external orifices to the nostrils, and a wide gape of
mouth. The short-faced tumbler has a beak in outline almost like that of a finch; and the
common tumbler has the singular and strictly inherited habit of flying at a great height in
a compact flock, and tumbling in the air head over heels. The runt is a bird of great size,
with long, massive beak and large feet; some of the sub-breeds of runts have very long
necks, others very long wings and tails, others singularly short tails. The barb is allied to
the carrier, but, instead of a very long beak, has a very short and very broad one. The
pouter has a much elongated body, wings, and legs; and its enormously developed crop,
which it glories in inflating, may well excite astonishment and even laughter. The turbit
has a very short and conical beak, with a line of reversed feathers down the breast; and
it has the habit of continually expanding slightly the upper part of the œsophagus. The
Jacobin has the feathers so much reversed along the back of the neck that they form a

hood, and it has, proportionally to its size, much elongated wing and tail feathers. The
trumpeter and laugher, as their names express, utter a very different coo from the other
breeds. The fantail has thirty or even forty tail-feathers, instead of twelve or fourteen, the
normal number in all members of the great pigeon family; and these feathers are kept
expanded, and are carried so erect that in good birds the head and tail touch; the oilgland is quite aborted. Several other less distinct breeds might have been specified.
…
Great as the differences are between the breeds of pigeons, I am fully convinced that
the common opinion of naturalists is correct, namely, that all have descended from the
rock-pigeon (Columba livia), including under this term several geographical races or subspecies, which differ from each other in the most trifling respects.
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pp. 40-60
p. 44 Chapter II. Variation Under Nature. (51) When a young naturalist commences the
study of a group of organisms quite unknown to him, he is at first much perplexed to
determine what differences to consider as specific, and what as varieties; for he knows
nothing of the amount and kind of variation to which the group is subject; and this shows,
at least, how very generally there is some variation. But if he confine his attention to one
class within one country, he will soon make up his mind how to rank most of the doubtful
forms. His general tendency will be to make many species, for he will become
impressed, just like the pigeon or poultry-fancier before alluded to, with the amount of
difference in the forms which he is continually studying; and he has little general
knowledge of analogical variation in other groups and in other countries, by which to
correct his first impressions. As he extends the range of his observations, he will meet
with more cases of difficulty; for he will encounter a greater number of closely-allied
forms. But if his observations be widely extended, he will in the end generally be enabled
to make up his own mind which to call varieties and which species; but he will succeed
in this at the expense of admitting much variation,—and the truth of this admission will
often be disputed by other naturalists. When, moreover, he comes to study allied forms
brought from countries not now continuous, in which case he can hardly hope to find the
intermediate links between his doubtful forms, he will have to trust almost entirely to
analogy, and his difficulties will rise to a climax.
Certainly no clear line of demarcation has as yet been drawn between species and subspecies—that is, the forms which in the opinion of some naturalists come very near to,

but do not quite arrive at the rank of species; or, again, between sub-species and wellmarked varieties, or between lesser varieties and individual differences. These
differences blend into each other in an insensible series; and a series impresses the
mind with the idea of an actual passage.
Hence I look at individual differences, though of small interest to the systematist, as of
high importance for us, as being the first step towards such slight varieties as are barely
thought worth recording in works on natural history. And I look at varieties which are in
any degree more distinct and permanent, as steps leading to more strongly marked and
more permanent varieties; and at these latter, as leading to sub-species, and to species.
The passage from one stage of difference to another and higher stage may be, in some
cases, due merely to the long-continued action of different physical conditions in two
different regions; but I have not much faith in this view; and I attribute the passage of a
variety, from a state in which it differs very slightly from its parent to one in which it differs
more, to the action of natural selection in accumulating (as will hereafter be more fully
explained) differences of structure in certain definite directions. Hence I believe a wellmarked variety may be justly called an incipient species; but whether this belief be
justifiable must be judged of by the general weight of the several facts and views given
throughout this work.
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pp. 60-81
p. 60 Chapter III. Struggle For Existence.
But the mere existence of individual variability and of some few well-marked varieties,
thought 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
organization to another part, and to the conditions of life, and of one distinct organic
being to another being, been perfected? We see these beautiful co-adaptations most
plainly in the woodpecker and missletoe; 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.
p. 64

The elephant is reckoned to be 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 under the mark to assume that it breeds when thirty years old, and goes on breeding
till ninety years, bringing forth three pair of young in this interval; if this be so, at the end

of the fifth century there would be alive fifteen million elephants, descended from the first
pair.
P 65, 66 The only difference between organisms which annually produce eggs or seeds
by the thousands, and those which produce extremely few, is, that the slow-breeders
would require a few more years to people, under favorable conditions, a whole district,
be it 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 by 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 . . .
. . . 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 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 by fully kept up; but if many eggs or young
are destroyed, many must be produced, or the species will become extinct. . .
In looking at Nature, it is most necessary to keep the foregoing considerations always in
mind—never to forget that every single organic being around us may be said to be
striving to the utmost to in crease in numbers; that each lives by a struggle at some
period of its life; that heavy destruction inevitably falls either on the young or the 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. The face of Nature my be compared
to a yielding surface, with ten thousand sharp wedges packed close together and driven
inwards by incessant blows, sometimes one wedge being struck, and then another with
greater force.
p. 73

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!
p. 73, 74

From experiments which I have tried, have found that the visits of bees, if

not indispensable, are at least highly beneficial to the fertilization or our clovers but

humble-bees alone visit the common red clover (Triolium pratense), as other bees
cannot reach the nectar. Hence I have very little doubt, 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 degree on the number o f field-mice, which destroy their
combs and nets; and Mr. H. Newman, who has long attended to the habits of humblebees, believes that “ more than two-thirds of them are thus destroyed all over England.”
Now the number of mice is largely depended, as everyone knows, on the number of
cats; I have found the nests of humble-bees more numerous than elsewhere, which I
attribute to the number of cars 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 ice and then of bees, the frequency of certain flowers in that district!
p. 75

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 often 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 almost invariably will 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.
p. 78, 79

It is good thus to try in our imagination to give any form some advantage

over another. Probably in no single instance should we know what to do, so as to
succeed. It will convince us of our ignorance on the mutual relations of all organic
beings; a conviction as necessary, as it seems to be difficult to acquire.
All that we can do, is to keep steadily in mind that each organic being is striving to
increase at 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 fore 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.
p. 80 Chapter IV. Natural Selection.
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Let it 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.
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 sometimes occur in the course of thousands of
generations? If such do occur, can we doubt (remem bering that many more individuals
are born than can possibly survive) that individuals having any advantage, however
slight, over others, would have the best chance of surviving and of procreating their
kind? On the other hand, we may feel sure that any variation in the least degree injurious
would be rigidly destroyed. This preservation of favourable variations and the rejection of
injurious variations, I call Natural Selection. Variations neither useful nor injurious would
not be affected by natural selection, and would be left a fluctuating element, as perhaps
we see in the species called polymorphic.
…As man can produce and certainly has produced a great result by his methodical and
unconscious means of selection, what may not nature effect? Man can act only on
external and visible characters: nature cares nothing for appearances, except in so far
as they may be 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; and the being is placed under well-suited conditions of life. 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 wool to the same climate.
He 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 his eye, or to be plainly
useful to him. Under nature, the slightest difference 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
his products be, 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 be said that natural selection is daily and hourly scrutinising, throughout the world,
every variation, even the slightest; rejecting that which is bad, preserving and adding up
all that is 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 only see that the forms of life are now different from what they
formerly were.
89

but if man can in a short time give elegant carriage and beauty 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. I strongly suspect
that some well-known laws with respect to the plumage of male and female birds, in
comparison with the plumage of the young, can be explained on the view of plumage
having been chiefly modified by sexual selection, acting when the birds have come to
the breeding age or during the breeding season; the modifications thus produced being
inherited at corresponding ages or seasons, either by the males alone, or by the males
and females; but I have not space here to enter on this subject
94

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 they can, with a very little more trouble, enter by the mouth.
95

Natural selection can act only by the preservation and accumulation of

infinitesimally small inherited modifications, each profitable to the preserved being; and
as modern geology has almost banished such views as the excavation of a great valley
by a single diluvial wave, so will natural selection, if it be a true principle, banish the
belief of the continued creation of new organic beings, or of any great and sudden
modification in their structure.
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That natural selection will always act with extreme slowness, I fully admit.

Its action depends on there being places in the polity of nature, which can be better
occupied by some of the inhabitants of the country undergoing modification of some
kind. The existence of such places will often depend on physical changes, which are
generally very slow, and on the immigration of better adapted forms having been
checked. But the action of natural selection will probably still oftener depend on some of
the inhabitants becoming slowly modified; the mutual relations of many of the other
inhabitants being thus disturbed. Nothing can be effected, unless favourable variations
occur, and variation itself is apparently always a very slow process. The process will

often be greatly retarded by free intercrossing. Many will exclaim that these several
causes are amply sufficient wholly to stop the action of natural selection. I do not believe
so. On the other hand, I do believe that natural selection will always act very slowly,
often only at long intervals of time, and generally on only a very few of the inhabitants of
the same region at the same time. I further believe, that this very slow, intermittent action
of natural selection accords perfectly well with what geology tells us of the rate and
manner at which the inhabitants of this world have changed.
Slow though the process of selection may be, if feeble man can do much by his powers
of artificial selection, I can see no limit to the amount of change, to the beauty and
infinite complexity of the coadaptations between all organic beings, one with another and
with their physical conditions of life, which may be effected in the long course of time by
nature's power of selection.
114

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 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 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; and so in small ponds of fresh water. Farmers find that they can raise
most 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 it not to be in any way
peculiar in its nature), 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 with each other, 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.

7.
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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 each former
year 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 tried to overmaster 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 small, budding twigs; and this connexion of the 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 all
the other branches; so with the species which lived during long-past geological periods,
very few now have living and modified descendants. From the first growth of the tree,
many a limb and branch has decayed and dropped off; and these lost 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 from having been found 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.
p. 131 Chapter V. Laws Of Variation.
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On the ordinary view of each species having been independently created,

why should that part of the structure, which differs from the same part in other
independently-created species of the same genus, be more variable than those parts
which are closely alike in the several species? I do not see that any explanation can be
given. But on the view of species being only strongly marked and fixed varieties, we
might surely expect to find them still often continuing to vary in those parts of their
structure which have varied within a moderately recent period, and which have thus
come to differ. Or to state the case in another manner:—the points in which all the
species of a genus resemble each other, and in which they differ from the species of
some other genus, are called generic characters; and these characters in common I

attribute to inheritance from a common progenitor, for it can rarely have happened that
natural selection will have modified several species, fitted to more or less widely-different
habits, in exactly the same manner: and as these so-called generic characters have
been inherited from a remote period, since that period when the species first branched
off from their common progenitor, and subsequently have not varied or come to differ in
any degree, or only in a slight degree, it is not probable that they should vary at the
present day. On the other hand, the points in which species differ from other species of
the same genus, are called specific characters; and as these specific characters have
varied and come to differ within the period of the branching off of the species from a
common progenitor, it is probable that they should still often be in some degree variable,
—at least more variable than those parts of the organisation which have for a very long
period remained constant.

9.

3-4 AM

pp. 162-183
p. 171 Chapter VI. Difficulties On Theory.
Look at the family of squirrels; here we have the finest gradation from animals with their
tails only slightly flattened, and from others, as Sir J. Richardson has remarked, with the
posterior part of their bodies rather wide and with the skin on their flanks rather full, to
the so-called flying squirrels; and flying squirrels have their limbs and even the base of
the tail united by a broad expanse of skin, which serves as a parachute and allows them
to glide through the air to an astonishing distance from tree to tree. We cannot doubt that
each structure is of use to each kind of squirrel in its own country, by enabling it to
escape birds or beasts of prey, or to collect food more quickly, or, as there is reason to
believe, by lessening the danger from occasional falls. But it does not follow from this
fact that the structure of each squirrel is the best that it is possible to conceive under all
natural conditions. Let the climate and vegetation change, let other competing rodents or
new beasts of prey immigrate, or old ones become modified, and all analogy would lead
us to believe that some at least of the squirrels would decrease in numbers or become
exterminated, unless they also became modified and improved in structure in a
corresponding manner. Therefore, I can see no difficulty, more especially under
changing conditions of life, in the continued preservation of individuals with fuller and
fuller flank-membranes, each modification being useful, each being propagated, until by
the accumulated effects of this process of natural selection, a perfect so-called flying
squirrel was produced.

Now look at the Galeopithecus or flying lemur, which formerly was falsely ranked
amongst bats. It has an extremely wide flank-membrane, stretching from the corners of
the jaw to the tail, and including the limbs and the elongated fingers: the flank membrane
is, also, furnished with an extensor muscle. Although no graduated links of structure,
fitted for gliding through the air, now connect the Galeopithecus with the other
Lemuridæ, yet I can see no difficulty in supposing that such links formerly existed, and
that each had been formed by the same steps as in the case of the less perfectly gliding
squirrels; and that each grade of structure had been useful to its possessor. Nor can I
see any insuperable difficulty in further believing it possible that the membraneconnected fingers and fore-arm of the Galeopithecus might be greatly lengthened by
natural selection; and this, as far as the organs of flight are concerned, would convert it
into a bat. In bats which have the wing-membrane extended from the top of the shoulder
to the tail, including the hind-legs, we perhaps see traces of an apparatus originally
constructed for gliding through the air rather than for flight.
If about a dozen genera of birds had become extinct or were unknown, who would have
ventured to have surmised that birds might have existed which used their wings solely
as flappers, like the logger-headed duck (Micropterus of Eyton); as fins in the water and
front legs on the land, like the penguin; as sails, like the ostrich; and functionally for no
purpose, like the Apteryx. Yet the structure of each of these birds is good for it, under the
conditions of life to which it is exposed, for each has to live by a struggle; but it is not
necessarily the best possible under all possible conditions. It must not be inferred from
these remarks that any of the grades of wing-structure here alluded to, which perhaps
may all have resulted from disuse, indicate the natural steps by which birds have
acquired their perfect power of flight; but they serve, at least, to show what diversified
means of transition are possible.
Seeing that a few members of such water-breathing classes as the Crustacea and
Mollusca are adapted to live on the land, and seeing that we have flying birds and
mammals, flying insects of the most diversified types, and formerly had flying reptiles, it
is conceivable that flying-fish, which now glide far through the air, slightly rising and
turning by the aid of their fluttering fins, might have been modified into perfectly winged
animals. If this had been effected, who would have ever imagined that in an early
transitional state they had been inhabitants of the open ocean, and had used their
incipient organs of flight exclusively, as far as we know, to escape being devoured by
other fish?

10.
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pp. 183-203
184

In North America the black bear was seen by Hearne swimming for hours with

widely open mouth, thus catching, like a whale, insects in the water. Even in so extreme
a case as this, if the supply of insects were constant, and if better adapted competitors
did not already exist in the country, I can see no difficulty in a race of bears being
rendered, by natural selection, more and more aquatic in their structure and habits, with
larger and larger mouths, till a creature was produced as monstrous as a whale.

p. 190 We should be extremely cautious in concluding that an organ could not have
been formed by transitional gradations of some kind. Numerous cases could be given
amongst the lower animals of the same organ performing at the same time wholly
distinct functions; thus the alimentary canal respires, digest, and excretes in the larva of
the dragon-fly and in the fish Cobites. In the Hydra, the animal may be tuned inside out,
and the exterior surface will then digest and the stomach respire. In such cases natural
selection might easily specialize, if any advantage were thus gained, a part or organ,
which had performed two functions, for one function alone, and thus wholly change is
nature by insensible steps. Two distinct organs sometimes perform simultaneously the
same function in the same individual; to give one instance, there are fish with fills or
branchiae that breathe the air dissolved in the water, at the same time that they breath
free air in their swimbladders, this latter organ having a ductus pneumaticus for its
supply, and being divided by highly vascular partitions. In these cases, one of the two
organs might with ease be modified and perfected so as to perform all the work by itself,
being aided during the process of modification by the other organ; and then this other
organ might be modified for some other and quite distinct purpose, or be quite
obliterated.

11.
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pp. 203-223
p. 207 Chapter VII. Instinct.
Again as in the case of corporeal structure, and conformably with my theory, the instinct
of each species is good for itself, but has never, as far as we can judge, been produced
for the exclusive good of others. One of the strongest instances of an animal apparently
performing an action for the sole good of another, with which I am acquainted, is that of
aphides voluntarily yielding their sweet excretion to ants: that they do so voluntarily, the

following facts show. I removed all the ants from a group of about a dozen aphides on a
dock-plant, and prevented their attendance during several hours. After this interval, I felt
sure that the aphides would want to excrete. I watched them for some time through a
lens, but not one excreted; I then tickled and stroked them with a hair in the same
manner, as well as I could, as the ants do with their antennæ; but not one excreted.
Afterwards I allowed an ant to visit them, and it immediately seemed, by its eager way of
running about, to be well aware what a rich flock it had discovered; it then began to play
with its antennæ on the abdomen first of one aphis and then of another; and each aphis,
as soon as it felt the antennæ, immediately lifted up its abdomen and excreted a limpid
drop of sweet juice, which was eagerly devoured by the ant. Even the quite young
aphides behaved in this manner, showing that the action was instinctive, and not the
result of experience. But as the excretion is extremely viscid, it is probably a
convenience to the aphides to have it removed; and therefore probably the aphides do
not instinctively excrete for the sole good of the ants. Although I do not believe that any
animal in the world performs an action for the exclusive good of another of a distinct
species, yet each species tries to take advantage of the instincts of others, as each
takes advantage of the weaker bodily structure of others. So again, in some few cases,
certain instincts cannot be considered as absolutely perfect; but as details on this and
other such points are not indispensable, they may be here passed over.

12.
pp. 223-243

6-7 AM

I am informed by Mr. Tegetmeier that it has been experimentally found

that no less than from twelve to fifteen pounds of dry sugar are consumed by a hive of
bees for the secretion of each pound of wax; so that a prodigious quantity of fluid nectar
must be collected and consumed by the bees in a hive for the secretion of the wax
necessary for the construction of their combs. Moreover, many bees have to remain idle
for many days during the process of secretion. A large store of honey is indispensable to
support a large stock of bees during the winter; and the security of the hive is known
mainly to depend on a large number of bees being supported. Hence the saving of wax
by largely saving honey must be a most important element of success in any family of
bees.
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Thus, as I believe, the most wonderful of all known instincts, that of the hive-bee,

can be explained by natural selection having taken advantage of numerous, successive,
slight modifications of simpler instincts; natural selection having by slow degrees, more
and more perfectly, led the bees to sweep equal spheres at a given distance from each

other in a double layer, and to build up and excavate the wax along the planes of
intersection. The bees, of course, no more knowing that they swept their spheres at one
particular distance from each other, than they know what are the several angles of the
hexagonal prisms and of the basal rhombic plates. The motive power of the process of
natural selection having been economy of wax; that individual swarm which wasted least
honey in the secretion of wax, having succeeded best, and having transmitted by
inheritance its newly acquired economical instinct to new swarms, which in their turn will
have had the best chance of succeeding in the struggle for existence.

13.

7-8 AM

pp. 243-265
p. 245

Chapter VIII. Hybridism.

The view generally entertained by naturalists is that species, when intercrossed, have
been specially endowed with the quality of sterility, in order to prevent the confusion of
all organic forms. This view certainly seems at first probable, for species within the same
country could hardly have kept distinct had they been capable of crossing freely. The
importance of the fact that hybrids are very generally sterile, has, I think, been much
underrated by some late writers. On the theory of natural selection the case is especially
important, inasmuch as the sterility of hybrids could not possibly be of any advantage to
them, and therefore could not have been acquired by the continued preservation of
successive profitable degrees of sterility. I hope, however, to be able to show that sterility
is not a specially acquired or endowed quality, but is incidental on other acquired
differences.

14.

8-9 AM

pp. 265-285 It is an old and almost universal belief, founded, I think, on a considerable
body of evidence, that slight changes in the conditions of life are beneficial to all living
things. We see this acted on by farmers and gardeners in their frequent exchanges of
seed, tubers, &c., from one soil or climate to another, and back again. During the
convalescence of animals, we plainly see that great benefit is derived from almost any
change in the habits of life. Again, both with plants and animals, there is abundant
evidence, that a cross between very distinct individuals of the same species, that is
between members of different strains or sub-breeds, gives vigour and fertility to the
offspring.
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on the one hand, slight changes in the conditions of life benefit all organic beings,

and on the other hand, that slight crosses, that is crosses between the males and
females of the same species which have varied and become slightly different, give
vigour and fertility to the offspring.
p. 279 Chapter IX. On The Imperfection Of The Geological Record.
280

In the first place it should always be borne in mind what sort of intermediate

forms must, on my theory, have formerly existed. I have found it difficult, when looking at
any two species, to avoid picturing to myself, forms directly intermediate between them.
But this is a wholly false view; we should always look for forms intermediate between
each species and a common but unknown progenitor; and the progenitor will generally
have differed in some respects from all its modified descendants.
281, 282

By the theory of natural selection all living species have been connected

with the parent-species of each genus, by differences not greater than we see between
the varieties of the same species at the present day; and these parent-species, now
generally extinct, have in their turn been similarly connected with more ancient species;
and so on backwards, always converging to the common ancestor of each great class.
So that the number of intermediate and transitional links, between all living and extinct
species, must have been inconceivably great. But assuredly, if this theory be true, such
have lived upon this earth.
On the lapse of Time.—Independently of our not finding fossil remains of such infinitely
numerous connecting links, it may be objected, that time will not have sufficed for so
great an amount of organic change, all changes having been effected very slowly

through natural selection. It is hardly possible for me even to recall to the reader, who
may not be a practical geologist, the facts leading the mind feebly to comprehend the
lapse of time. . . .
A man must for years examine for himself great piles of superimposed strata, and watch
the sea at work grinding down old rocks and making fresh sediment, before he can hope
to comprehend anything of the lapse of time, the monuments of which we see around
us.
It is good to wander along lines of sea-coast, when formed of moderately hard rocks,
and mark the process of degradation. The tides in most cases reach the cliffs only for a
short time twice a day, and the waves eat into them only when they are charged with
sand or pebbles; for there is reason to believe that pure water can effect little or nothing
in wearing away rock. At last the base of the cliff is undermined, huge fragments fall
down, and these remaining fixed, have to be worn away, atom by atom, until reduced in
size they can be rolled about by the waves, and then are more quickly ground into
pebbles, sand, or mud. But how often do we see along the bases of retreating cliffs
rounded boulders, all thickly clothed by marine productions, showing how little they are
abraded and how seldom they are rolled about! Moreover, if we follow for a few miles
any line of rocky cliff, which is undergoing degradation, we find that it is only here and
there, along a short length or round a promontory, that the cliffs are at the present time
suffering. The appearance of the surface and the vegetation show that elsewhere years
have elapsed since the waters washed their base.
He who most closely studies the action of the sea on our shores, will, I believe, be most
deeply impressed with the slowness with which rocky coasts are worn away.

15.

9-10 AM

pp. 285-306 Hence, under ordinary circumstances, I conclude that for a cliff
500 feet in height, a denudation of one inch per century for the whole length would
be an ample allowance. At this rate, on the above data, the denudation of the Weald
must have required 306,662,400 years; or say three hundred million years.
The action of fresh water on the gently inclined Wealden district, when upraised, could
hardly have been great, but it would somewhat reduce the above estimate. On the other
hand, during oscillations of level, which we know this area has undergone, the surface
may have existed for millions of years as land, and thus have escaped the action of the
sea: when deeply submerged for perhaps equally long periods, it would, likewise, have

escaped the action of the coast-waves. So that in all probability a far longer period than
300 million years has elapsed since the latter part of the Secondary period.
I have made these few remarks because it is highly important for us to gain some notion,
however imperfect, of the lapse of years. During each of these years, over the whole
world, the land and the water has been peopled by hosts of living forms. What an infinite
number of generations, which the mind cannot grasp, must have succeeded each other
in the long roll of years! Now turn to our richest geological museums, and what a paltry
display we behold!

16.

10-11 AM

pp. 306-326
p. 310, 311

The several difficulties here discussed, namely our not finding in the

successive formations infinitely numerous transitional links between the many species
which now exist or have existed; the sudden manner in which whole groups of species
appear in our European formations; the almost entire absence, as at present known, of
fossilferous formations beneath the Silurian strata, are all undoubtedly of the gravest
nature . . .
Those who think the natural geological record in any degree perfect, and who so not
attach much weight to the facts and arguments of other kinds given in this volume, will
undoubtedly at once reject my theory.
For my part . . . I look at the natural geological record, as a history of the world
imperfectly kept, and written in a changing dialect; of this history we possess the last
volume alone, relating only to two or three countries.
Of this volume, only here and there a short chapter has been preserved; and of each
page, only here and there a few lines. Each word of the slowly-changing language, in
which the history is supposed to be written, being more of less different in the interrupted
succession of chapters, may represent the apparently abruptly changed forms of life,
entombed in our consecutive, but widely separated, formations.
On this view, the difficulties above discussed are greatly diminished, or even disappear.
p. 312 Chapter X. On The Geological Succession Of Organic Beings
318

The whole subject of the extinction of species has been involved in the most

gratuitous mystery. Some authors have even supposed that as the individual has a
definite length of life, so have species a definite duration. No one I think can have
marvelled more at the extinction of species, than I have done. When I found in La Plata

the tooth of a horse embedded with the remains of Mastodon, Megatherium, Toxodon,
and other extinct monsters, which all co-existed with still living shells at a very late
geological period, I was filled with astonishment; for seeing that the horse, since its
introduction by the Spaniards into South America, has run wild over the whole country
and has increased in numbers at an unparalleled rate, I asked myself what could so
recently have exterminated the former horse under conditions of life apparently so
favourable. But how utterly groundless was my astonishment! Professor Owen soon
perceived that the tooth, though so like that of the existing horse, belonged to an extinct
species. Had this horse been still living, but in some degree rare, no naturalist would
have felt the least surprise at its rarity; for rarity is the attribute of a vast number of
species of all classes, in all countries. If we ask ourselves why this or that species is
rare, we answer that something is unfavourable in its conditions of life; but what that
something is, we can hardly ever tell. On the supposition of the fossil horse still existing
as a rare species, we might have felt certain from the analogy of all other mammals,
even of the slow-breeding elephant, and from the history of the naturalisation of the
domestic horse in South America, that under more favourable conditions it would in a
very few years have stocked the whole continent. But we could not have told what the
unfavourable conditions were which checked its increase, whether some one or several
contingencies, and at what period of the horse's life, and in what degree, they severally
acted. If the conditions had gone on, however slowly, becoming less and less
favourable, we assuredly should not have perceived the fact, yet the fossil horse would
certainly have become rarer and rarer, and finally extinct;—its place being seized on by
some more successful competitor.
It is most difficult always to remember that the increase of every living being is constantly
being checked by unperceived injurious agencies; and that these same unperceived
agencies are amply sufficient to cause rarity, and finally extinction. We see in many
cases in the more recent tertiary formations, that rarity precedes extinction; and we know
that this has been the progress of events with those animals which have been
exterminated, either locally or wholly, through man's agency. I may repeat what I
published in 1845, namely, that to admit that species generally become rare before they
become extinct—to feel no surprise at the rarity of a species, and yet to marvel greatly
when it ceases to exist, is much the same as to admit that sickness in the individual is
the forerunner of death—to feel no surprise at sickness, but when the sick man dies, to
wonder and to suspect that he died by some unknown deed of violence.

17.

11-12 AM

pp. 326-347
344

We can understand how it is that all the forms of life, ancient and recent, make

together one grand system; for all are connected by generation. We can understand,
from the continued tendency to divergence of character, why the more ancient a form is,
the more it generally differs from those now living. Why ancient and extinct forms often
tend to fill up gaps between existing forms, sometimes blending two groups previously
classed as distinct into one; but more commonly only bringing them a little closer
together. The more ancient a form is, the more often, apparently, it displays characters in
some degree intermediate between groups now distinct; for the more ancient a form is,
the more nearly it will be related to, and consequently resemble, the common progenitor
of groups, since become widely divergent. Extinct forms are seldom directly intermediate
between existing forms; but are intermediate only by a long and circuitous course
through many extinct and very different forms. We can clearly see why the organic
remains of closely consecutive formations are more closely allied to each other, than are
those of remote formations; for the forms are more closely linked together by generation:
we can clearly see why the remains of an intermediate formation are intermediate in
character.
p. 346 Chapter XI. Geographical Distribution.

18.

12-1 PM

pp. 347-368
p. 362. . . Freshwater fish, I find, eat seeds of many land and water plants; fish are
frequently devoured by birds, and thus the seeds might be transported from place to
place. I forced many kinds of seeds into the stomachs of dead fish, and then gave their
bodies to fishing-eagles, storks, and pelicans; these birds after an interval of many
hours, either rejected the seeds in pellets or passed then in their excrement; and several
of these seeds retained their power of germination. Certain seeds, however, were
always killed by this process.
Although the beaks and feet of birds are generally quite clean, I can show that earth
sometimes adheres to them: in one instance I removed twenty-two grains of dry
argillaceous earth from one foot of a partridge, and in this earth there was a pebble quite
as large as the seed of a vetch. Thus seeds might occasionally be transported to great
distances; for many facts could be given showing that soil almost everywhere is charged

with seeds. Reflect for a moment on the millions of quails which annually cross the
Mediterranean; and can we doubt that the earth adhering to their feet would sometimes
include a few minute seeds? But I shall presently have to recur to this subject.
As icebergs are known to be sometimes loaded with earth and stones, and have even
carried brushwood, bones, and the nest of a land-bird, I can hardly doubt that they must
occasionally have transported seeds from one part to another of the arctic and antarctic
regions, as suggested by Lyell; and during the Glacial period from one part of the now
temperate regions to another.

19.

1-2 PM

pp. 368-388
p. 383 Chapter XII. Geographical Distribution—Continued.
p. 385. . .When a duck suddenly emerges from a pond covered with duck-weed, I have
twice seen these little plants adhering to its back; and it has happened to me, in
removing a little duckweed from one aquarium to another, that I have quite
unintentionally stocked the one with fresh-water shells from the other.
But another agency is perhaps more effectual: I suspended a duck’s feet, which might
represent those of a bird sleeping in a natural pond, in an aquarium, where many ova of
fresh-water shells were hatching; and I found that numbers of the extremely minute and
just hatched shells crawled on the feet, and clung to then so firmly that when taken out
of the water they could not be jarred off, though at a somewhat more advanced age they
would voluntarily drop off. These just hatched mollusks, though aquatic in their nature,
survived on the duck’s feet, in damp air, from twelve to twenty hours; and in this length of
time a dick or heron might fly at least six or seven hundred miles, and would be sure to
alight on a pool or rivulet, if blown across sea to an oceanic island or to any other distant
point.
p. 386. . . I do not believe that botanists are aware how charged the mud of ponds is with
seeds; I have tried several little experiments, but will here five only the most striking
case: I took in February three table-spoonfuls of mud from three different points,
beneath water, on the edge of a little pond; this mud, when dry weighed only 6 ¾
ounces; I kept it covered up in my study for six months, pulling up and counting each
plant as it grew; the plants were of many kinds, and were altogether 537 in number; and
yet the viscid mud was all contained in a breakfast cup!

Considering these facts, I think it would be an inexplicable circumstance if water-birds
did not transport the seeds of fresh-water plants to vast distances, and if consequently
the range of these plants was not very great. The same agency may have come into
play with the eggs of some of the smaller fresh-water animals.

20.

2-3 PM

pp. 388-409
408

If the difficulties be not insuperable in admitting that in the long course of time the

individuals of the same species, and likewise of allied species, have proceeded from
some one source; then I think all the grand leading facts of geographical distribution are
explicable on the theory of migration (generally of the more dominant forms of life),
together with subsequent modification and the multiplication of new forms. We can thus
understand the high importance of barriers, whether of land or water, which separate our
several zoological and botanical provinces.

21.

3-4 PM

pp. 409-429
p. 411 Chapter XIII. Mutual Affinities Of Organic Beings: Morphology: Embryology:
Rudimentary Organs.
420

All the foregoing rules and aids and difficulties in classification are explained, if I

do not greatly deceive myself, on the view that the natural system is founded on descent
with modification; that the characters which naturalists consider as showing true affinity
between any two or more species, are those which have been inherited from a common
parent, and, in so far, all true classification is genealogical; that community of descent is
the hidden bond which naturalists have been unconsciously seeking, and not some
unknown plan of creation, or the enunciation of general propositions, and the mere
putting together and separating objects more or less alike.

22.

4-5 PM

pp. 429-449 As all the organic beings, extinct and recent, which

have ever lived on

this earth have to be classed together, and as all have been connected by the finest
gradations, the best, or indeed, if our collections were nearly perfect, the only possible
arrangement, would be genealogical. Descent being on my view the hidden bond of

connexion which naturalists have been seeking under the term of the natural system. On
this view we can understand how it is that, in the eyes of most naturalists, the structure
of the embryo is even more important for classification than that of the adult. For the
embryo is the animal in its less modified state; and in so far it reveals the structure of its
progenitor. In two groups of animal, however much they may at present differ from each
other in structure and habits, if they pass through the same or similar embryonic stages,
we may feel assured that they have both descended from the same or nearly similar
parents, and are therefore in that degree closely related. Thus, community in embryonic
structure reveals community of descent. It will reveal this community of descent,
however much the structure of the adult may have been modified and obscured; we
have seen, for instance, that cirripedes can at once be recognised by their larvæ as
belonging to the great class of crustaceans. As the embryonic state of each species and
group of species partially shows us the structure of their less modified ancient
progenitors, we can clearly see why ancient and extinct forms of life should resemble the
embryos of their descendants,—our existing species.

23.

5-6 PM

pp. 449-470
p. 459 Chapter XIV. Recapitulation and Conclusion.
P. 459 That many and grave objections may be advance against the theory of descent
with modification through natural selection, I do not deny. I have endeavored to give to
them their full force. Nothing at first can appear more difficult to believe than that the
more complex organs and instincts should 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
gradations in the perfection of any organ or instinct , which we may consider, either do
now exist or could have existed, each good of its kind,--that all organs and instincts are,
in ever so slight a degree, variable,--and lastly, that there is a struggle for existence
leading to the preservation of each profitable deviation of structure or instinct. The truth
of these propositions cannot, I think, be disputed.
469

If then we have under nature variability and a powerful agent always ready to act

and select, why should we doubt that variations in any way useful to beings, under their
excessively complex relations of life, would be preserved, accumulated, and inherited?
Why, if man can by patience select variations most useful to himself, should nature fail in
selecting variations useful, under changing conditions of life, to her living products?
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
looked no further than this, seems to me to be in itself probable.

24.

6-7 PM

pp. 470-490
p. 481. . . 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 change of
which we do not see the intermediate steps. The difficulty is that 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 slow action of the coast-waves. The mind cannot
possibly grasp the full meaning of the term of a hundred million years; it cannot add up
and perceive the full effects of many slight variation, accumulated during an almost
infinite number of generations.
p. 488, 489

It is interesting to contemplate a tangled bank, clothed with many plants

of many kinds, which birds singing on the bushes, with various insects flitting about, and
either worms crawling though the damp earth, and to reflect that these elaborately
constructed forms, so different from each other, and dependent on each other in so
complex 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 like, and from use and disuse; a Ratio of Increase so high as
to lead to a Struggle for Life, and as a consequence to Natural Selection, entailing
Divergence of Character and the Extinction of less-improved forms.
Thus, from the war of nature, from famine and death, the most exalted object which we
are capable of conceiving, namely, the production of the higher animals, directly follows.
There is grandeur in this view of life, with its several powers, having been originally
breathed into a few forms or into one; and that, whilst this planet has gone cycling on
according to the fixed law of gravity, from so simple a beginning endless forms most
beautiful and most wonderful nave been, and are being, evolved.

