Oth Grade

Textbook Packet
3/30/2020-4/3/2020



-

ror &

I - =

I S TTT T

P S L | -
R |

FIGURE 161



www.scilinks.org
https://becau.se
https://rn1111n,.1y




I R e = -
TR 4 o
4 S s s ) T BT R -


https://Vldua.Js
https://1nd1vidu.ll

I T
I .


https://Caln,1.re




Essential Selections from
The Origin of Species

By Charles Darwin

1. Before applying the principles arrived at in the last chapter to organic
beings in a state of nature, we must briefly discuss whether these latter are
subject to any variation. To treat this subject at all properly, a long catalogue
of dry facts should be given; but these I shall reserve for my future work. Nor
shall T here discuss the various definitions which have been given of the term
species. No one definition has as yet satisfied all naturalists; yet every
naturalist knows vaguely what he means when he speaks of a species.
Generally the term includes the unknown element of a distinct act of
creation. The term 'variety' is almost equally difficult to define; but here
community of descent is almost universally implied, though it can rarely be
proved. We have also what are called monstrosities; but they graduate into
varieties. By a monstrosity I presume is meant some considerable deviation
of structure in one part, either injurious to or not useful to the species, and
not generally propagated. Some authors use the term 'variation' in a technical
sense, as implying a modification directly due to the physical conditions of
life; and 'variations' in this sense are supposed not to be inherited: but who
can say that the dwarfed condition of shells in the brackish waters of the
Baltic, or dwarfed plants on Alpine summits, or the thicker fur of an animal
from far northwards, would not in some cases be inherited for at least some
few generations? and in this case I presume that the form would be called a
variety.

2. Again, we have many slight differences which may be called individual
differences, such as are known frequently to appear in the offspring from the
same parents, or which may be presumed to have thus arisen, from being
frequently observed in the individuals of the same species inhabiting the
same confined locality. No one supposes that all the individuals of the same
species are cast in the very same mould. These individual differences are
highly important for us, as they afford materials for natural selection to
accumulate, in the same manner as man can accumulate in any given
direction individual differences in his domesticated productions. These
individual differences generally affect what naturalists consider unimportant
parts; but I could show by a long catalogue of facts, that parts which must be
called important, whether viewed under a physiological or classificatory
point of view, sometimes vary in the individuals of the same species. I am
convinced that the most experienced naturalist would be surprised at the
number of the cases of variability, even in important parts of structure, which

he could collect on good authority, as I have collected, during a course of
years. It should be remembered that systematists are far from pleased at
finding variability in important characters, and that there are not many men
who will laboriously examine internal and important organs, and compare
them in many specimens of the same species. I should never have expected
that the branching of the main nerves close to the great central ganglion of an
insect would have been variable in the same species; I should have expected
that changes of this nature could have been effected only by slow degrees:
yet quite recently Mr Lubbock has shown a degree of variability in these
main nerves in Coccus, which may almost be compared to the irregular
branching of the stem of a tree. This philosophical naturalist, I may add, has
also quite recently shown that the muscles in the larvae of certain insects are
very far from uniform. Authors sometimes argue in a circle when they state
that important organs never vary; for these same authors practically rank that
character as important (as some few naturalists have honestly confessed)
which does not vary; and, under this point of view, no instance of any
important part varying will ever be found: but under any other point of view
many instances assuredly can be given.

3. There is one point connected with individual differences, which seems to
me extremely perplexing: I refer to those genera which have sometimes been
called 'protean’ or 'polymorphic,' in which the species present an inordinate
amount of variation; and hardly two naturalists can agree which forms to
rank as species and which as varieties. We may instance Rubus, Rosa, and
Hieracium amongst plants, several genera of insects, and several genera of
Brachiopod shells. In most polymorphic genera some of the species have
fixed and definite characters. Genera which are polymorphic in one country
seem to be, with some few exceptions, polymorphic in other countries, and
likewise, judging from Brachiopod shells, at former periods of time. These
facts seem to be very perplexing, for they seem to show that this kind of
variability is independent of the conditions of life. I am inclined to suspect
that we see in these polymorphic genera variations in points of structure
which are of no service or disservice to the species, and which consequently
have not been seized on and rendered definite by natural selection, as
hereafter will be explained.

4. Those forms which possess in some considerable degree the character of
species, but which are so closely similar to some other forms, or are so
closely linked to them by intermediate gradations, that naturalists do not like
to rank them as distinct species, are in several respects the most important for
us. We have every reason to believe that many of these doubtful and closely-
allied forms have permanently retained their characters in their own country
for a long time; for as long, as far as we know, as have good and true species.

practically, when a naturalist can unite two forms together by others havini/[[(‘,?
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9. 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.

10. Certainly no clear line of demarcation has as yet been drawn between
species and sub-species 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 well-marked 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.

11. 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 well-
marked 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.

12. It need not be supposed that all varieties or incipient species necessarily
attain the rank of species. They may whilst in this incipient state become
extinct, or they may endure as varieties for very long periods, as has been
shown to be the case by Mr Wollaston with the varieties of certain fossil
land-shells in Madeira. If a variety were to flourish so as to exceed in
numbers the parent species, it would then rank as the species, and the species
as the variety; or it might come to supplant and exterminate the parent
species; or both might co-exist, and both rank as independent species. But we
shall hereafter have to return to this subject.

13. From these remarks it will be seen that I look at the term species, as one
arbitrarily given for the sake of convenience to a set of individuals closely
resembling each other, and that it does not essentially differ from the term
variety, which is given to less distinct and more fluctuating forms. The term
variety, again, in comparison with mere individual differences, is also
applied arbitrarily, and for mere convenience sake.

14. Guided by theoretical considerations, I thought that some interesting
results might be obtained in regard to the nature and relations of the species
which vary most, by tabulating all the varieties in several well-worked floras.
At first this seemed a simple task; but Mr H. C. Watson, to whom I am much
indebted for valuable advice and assistance on this subject, soon convinced
me that there were many difficulties, as did subsequently Dr Hooker, even in
stronger terms. I shall reserve for my future work the discussion of these
difficulties, and the tables themselves of the proportional numbers of the
varying species. Dr Hooker permits me to add, that after having carefully
read my manuscript, and examined the tables, he thinks that the following
statements are fairly well established. The whole subject, however, treated as
it necessarily here is with much brevity, is rather perplexing, and allusions
cannot be avoided to the 'struggle for existence,' 'divergence of character,'
and other questions, hereafter to be discussed.

15. Alph. De Candolle and others have shown that plants which have very
wide ranges generally present varieties; and this might have been expected,
as they become exposed to diverse physical conditions, and as they come into
competition (which, as we shall hereafter see, is a far more important
circumstance) with different sets of organic beings. But my tables further
show that, in any limited country, the species which are most common, that
is abound most in individuals, and the species which are most widely

diffused within their own country (and this is a different consideration frorr}/é/%

wide range, and to a certain extent from commonness), often give rise ta
varieties sufficiently well-marked to have been recorded in botanical works.
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in which a number of varieties or incipient species greater than the average
are now manufacturing, many of the species already manufactured still to a
certain extent resemble varieties, for they differ from each other by a less
than usual amount of difference.

20. Moreover, the species of the large genera are related to each other, in the
same manner as the varieties of any one species are related to each other. No
naturalist pretends that all the species of a genus are equally distinct from
each other; they may generally be divided into sub-genera, or sections, or
lesser groups. As Fries has well remarked, little groups of species are
generally clustered like satellites around certain other species. And what are
varieties but groups of forms, unequally related to each other, and clustered
round certain forms that is, round their parent-species? Undoubtedly there is
one most important point of difference between varieties and species;
namely, that the amount of difference between varieties, when compared
with each other or with their parent-species, is much less than that between
the species of the same genus. But when we come to discuss the principle, as
I call it, of Divergence of Character, we shall see how this may be explained,
and how the lesser differences between varieties will tend to increase into the
greater differences between species.

21. There is one other point which seems to me worth notice. Varieties
generally have much restricted ranges: this statement is indeed scarcely more
than a truism, for if a variety were found to have a wider range than that of
its supposed parent-species, their denominations ought to be reversed. But
there is also reason to believe, that those species which are very closely allied
to other species, and in so far resemble varieties, often have much restricted
ranges. For instance, Mr H. C. Watson has marked for me in the well-sifted
London Catalogue of plants (4th edition) 63 plants which are therein ranked
as species, but which he considers as so closely allied to other species as to
be of doubtful value: these 63 reputed species range on an average over 6.9
of the provinces into which Mr Watson has divided Great Britain. Now, in
this same catalogue, 53 acknowledged varieties are recorded, and these range
over 7.7 provinces; whereas, the species to which these varieties belong
range over 14.3 provinces. So that the acknowledged varieties have very
nearly the same restricted average range, as have those very closely allied
forms, marked for me by Mr Watson as doubtful species, but which are
almost universally ranked by British botanists as good and true species.

22. Finally, then, varieties have the same general characters as species, for
they cannot be distinguished from species, except, firstly, by the discovery of
intermediate linking forms, and the occurrence of such links cannot affect the
actual characters of the forms which they connect; and except, secondly, by a
certain amount of difference, for two forms, if differing very little, are
generally ranked as varieties, notwithstanding that intermediate linking forms

have not been discovered; but the amount of difference considered necessary
to give to two forms the rank of species is quite indefinite. In genera having
more than the average number of species in any country, the species of these
genera have more than the average number of varieties. In large genera the
species are apt to be closely, but unequally, allied together, forming little
clusters round certain species. Species very closely allied to other species
apparently have restricted ranges. In all these several respects the species of
large genera present a strong analogy with varieties. And we can clearly
understand these analogies, if species have once existed as varieties, and
have thus originated: whereas, these analogies are utterly inexplicable if each
species has been independently created.

23. We have, also, seen that it is the most flourishing and dominant species
of the larger genera which on an average vary most; and varieties, as we shall
hereafter see, tend to become converted into new and distinct species. The
larger genera thus tend to become larger; and throughout nature the forms of
life which are now dominant tend to become still more dominant by leaving
many modified and dominant descendants. But by steps hercafter to be
explained, the larger genera also tend to break up into smaller genera. And
thus, the forms of life throughout the universe become divided into groups
subordinate to groups.

24. 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 amongst 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 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 sec
which is wafted by the gentlest breeze; in short, we see beautiful adaptations
everywhere and in every part of the organic world.
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interval; if this be so, at the end of the fifth century there would be alive
fifteen million elephants, descended from the first pair.

30. But we have better evidence on this subject than mere theoretical
calculations, namely, the numerous recorded 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 quite
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 now most numerous over the wide plains
of La Plata, clothing square leagues of surface almost to the exclusion of all
other plants, 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 instances could be given, no one supposes that the
fertility of these animals or plants has been suddenly and temporarily
increased in any sensible degree. The obvious explanation is that the
conditions of life have been very 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. In such cases the geometrical ratio of increase, the
result of which never fails to be surprising, simply explains the
extraordinarily rapid increase and wide diffusion of naturalised productions
in their new homes.

31. In a state of nature almost every plant produces seed, and amongst
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 most rapidly stock every station in which
they could any how exist, and that the 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 forget that thousands are annually
slaughtered for food, and that in a state of nature an equal number would
have somehow to be disposed of.

32. 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 rapidly 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 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.

33. 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 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. The face of Nature may 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.

34. What checks the natural tendency of each species to increase in number
is most obscure. Look at the most vigorous specics; by as much as it swarms
in numbers, by so much will its tendency to increase be still further
increased. We know not exactly what the checks are in even one single
instance. Nor will this surprise any one who reflects how ignorant we are on
this head, even in regard to mankind, so incomparably better known than any
other animal. This subject has been ably treated by several authors, and I
shall, in my future work, discuss some of the checks 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, I believe that it is the seedlings'/g-:{g \

which suffer most from germinating in ground already thickly stocked with
other plants. Seedlings, also, are destroyed in vast numbers by various
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40. 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, has 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 that the land had been
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 hundreds yards distant from one of
the old clumps, I counted thirty-two little trees; and one of them, judging
from the rings of growth, had during twenty-six 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.

44. 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 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 birds. Hence, if certain insectivorous birds (whose numbers are probably
regulated by hawks or beasts of prey) were to increase in Paraguay, the flies
would decrease 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 just
have seen in Staffordshire, the insectivorous birds, and so onwards in ever-
increasing circles of complexity. We began this series by insectivorous birds,
and we have ended with them. Not that in nature the relations can ever be as
simple as this. Battle within battle must ever be recurring with varying
success; and yet in the long-run the forces are so nicely balanced, that the
face of nature remains uniform for long periods of time, though assuredly the
merest trifle would often 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!

45. 1 am tempted to give one more instance showing how plants and animals,
most 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, in this part of England, is never visited by insects, and consequently,
from its peculiar structure, never can set a seed. Many of our orchidaceous
plants absolutely require the visits of moths to remove their pollen-masses
and thus to fertilise them. I have, also, reason to believe that humble-bees are
indispensable to the fertilisation of the heartsease (Viola tricolor), for other
bees do not visit this flower. From experiments which I have tried, I have
found that the visits of bees, if not indispensable, are at least highly
beneficial to the fertilisation of our clovers; but humble-bees alone visit the
common red clover (Trifolium 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 of field-mice, which destroy
their combs and nests; and Mr H. 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 Mr Newman says, 'Near
villages and small towns I have found the nests of humble-bees more
numerous than elsewhere, which I attribute to the 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!
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