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CHAPTER 11I.

Recapitulation of the arguments in favour of the theory of transmutation of species
~—Their insufficiency—The difficulty of discriminating species mainly attribu-
table to a defective knowledge of their history—Some mere varieties possibly
more distinet than certain individuals of distinct species—Variability in a
species consistent with a belief that the limits of deviation are fixed—No facts
of transmutation authenticated—Varieties of the Dog—The Dog and Wolf
distinct species—Mummies of various animals from Egypt identical in cha-
racter with living individuals—Seeds aud plants from the Egyptian tombs—
Modifications produced in plants by agriculture and gardening.

THE theory of the transmutation of species, considered in the
last chapter, has met with some degree of favour from many
naturalists, from their desire to dispense, as far as possible,
with the repeated intervention of a First Cause, as often
as geological monuments attest the successive appearance of
new races of animals and plants, and the extinction of those
pre-existing. But, independently of a predisposition to account,
if possible, for a series of changes in the organic world, by the
regular action of secondary causes, we have seen that many
perplexing difficulties present themselves to one who attempts
to establish the nature and the reality of the specific character.
And if once there appears ground of reasonable doubt, in
regard to the constancy of species, the amount of transform-
ation which they are capable of undergoing, may seem to
resolve itself into a mere question of the quantity of time
assigned to the past duration of animate existence.

Before we enter upon our reasons for rejecting Lamarck’s
hypothesis, we shall recapitulate, in a few words, the pheno-
mena, and the whole train of thought, by which we conceive
it to have been suggested, and which have gained for this and
analogous theories, both in ancient and modern times, a con-
siderable number of votaries,

In the first place, the various groups into which plants and
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animals may be thrown, seem almost invariably, to a beginner,
to be so natural, that he is usually convinced at first, as was
Linnzus to the last, ¢ that genera are as much founded in
nature as the species which compose them *.”  'When, by exa-
mining the numerous intermediate gradations, the student finds
all lines of demarcation to be in most instances obliterated,
even where they at first appeared most distinct, he grows more
and more sceptical as to the real existence of genera, and finally
regards them as mere arbitrary and artificial signs, invented
like those which serve to distinguish the heavenly constellations
for the convenience of classification, and having as little pre~
tensions to reality.

Doubts are then engendered in his mind as to whether
species may not also be equally unreal. The student is
probably first struck with the phenomenon, that some indi-
viduals are made to deviate widely from the ordinary type
by the force of peculiar circumstances, and with the still
more extraordinary fact, that the newly-acquired peculiarities
are faithfully transmitted to the offspring. How far, he asks,
may such variations extend in the course of indefinite periods
of time, and during great vicissitudes in the physical condition
of the globe ? His growing incertitude is at first checked by
the reflection, that nature has forbidden the intermixture of the
descendants of distinct original stocks, or has, at least, entailed
sterility on their offspring, thereby preventing their being
confounded together, and pointing out that a multitude of dis-
tinct types must have been created in the beginning, and must
have remained pure and uncorrupted to this day.

Relying on this general law, he endeavours to solve each dif-
cult problem by direct experiment, until he is again astounded by
the phenomenon of a prolific hybrid, and still more by an example
of a hybrid perpetuating itself throughout several generations
in the vegetable world. He then feels himself reduced to the
dilemma of choosing between two alternatives, either to reject
the test, or to declare that the two species, from the union of

* Sir J, Smith’s Introduction to Botany.
C2
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which the fruitful progeny has sprung, were mere varieties.
If he prefer the latter, he is compelled to question the reality
of the distinctness of all other supposed species which differ no
more than the parents of such prolific hybrids ; for although
he may not be enabled immediately to procure, in all such
instances, a fruitful offspring, yet experiments show, that after
repeated failures the union of two recognized species may at
last, under very favourable circumstances, give birth to a fertile
progeny. Such circumstances, therefore, the naturalist may
conceive to have occurred again and again, in the course of a
great lapse of ages.

His first opinions are now fairly unsettled, and every stay
at which he has caught has given way one after another; he
is in danger of falling into any new and visionary doctrine
which may be presented to him ; for he now regards every part
of the animate creation as void of stability, and in a state of
continual flux. In this mood he encounters the Geologist, who
relates to him how there have been endless vicissitudes in the
shape and structure of organic beings in former ages—how the
approach to the present system of things has been gradual—
that there has been a progressive development of organization
subservient to the purposes of life, from the most simple to the
most complex state—that the appearance of man is the last
phenomenon in a long succession of events—and, finally, that a
series of physical revolutions can be traced in the inorganic
world, coeval and coextensive with those of organic nature.

These views seem immediately to confirm all his precon-
ceived doubts as to the stability of the specific character, and he
thinks he can discern an inseparable connexion between a series
of changes in the inanimate world, and the capability of species
to be indefinitely modified by the influence of external circum-
stances. Henceforth his speculations know no definite bounds;
he gives the rein to conjecture, and fancies that the outward
form, internal structure, instinctive faculties, nay, that reason
itself, may have been gradually developed from some of the
simplest states of existence,—that all animals, that man him-
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self, and the irrational beings, may have had one common
origin; that all may be parts of one continuous and progres-
sive scheme of development from the most imperfect to the
more complex ; in fine, he renounces his belief in the high
genealogy of his species, and looks forward, as if in compensation,
to the future perfectibility of man in his physical, intellectual,-
and moral attributes.

Let us now proceed to consider what is defective in evi-
dence, and what fallacious in reasoning, in the grounds of these
strange conclusions. Blumenbach judiciously observes, ¢ that
no general rule can be laid down for determining the distinct-
ness of species, as there is no particular class of characters
which can serve as a criterion. In each case we must be
guided by analogy and probability.” The multitude, in fact,
and complexity of the proofs to be weighed, is so great, that
we can only hope to obtain presumptive evidence, and we
must, therefore, be the more careful to derive our general
views as much as possible from those observations where the
chances of deception are least, We must be on our guard
not to tread in the footsteps of the naturalists of the middle
ages, who believed the doctrine of spontaneous generation to
be applicable to all those parts of the animal and vegetable
kingdoms which they least understood‘, in direct contradiction
to the analogy of all the parts best known to them; and who,
when at length they found that insects and cryptogamous plants
were also propagated from eggs and seeds, still persisted in
retaining their old prejudices respecting the infusory animal-
cules and other minute beings, the generation of which had
not then been demonstrated by the microscope to be governed
by the same laws.

Lamarck has indeed attempted to raise an argument in favour
of his system, out of the very confusion which has arisen in the
study of some orders of animals and plants, in consequence of
the slight shades of difference which separate the new species
discovered within the last half century. That the embarrass-
ment of those who attempt to classify and distinguish the new
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acquisitions poured in such multitudes into our museums,
should increase with the augmentation of their number is quite
natural; for to obviate this it is not enough that our powers of
discrimination should keep pace with the increase of the objects,
but we ought to possess greater opportunities of studying each
animal and plant in all stages of its growth, and to know pro-
foundly their history, their habits and physiological characters,
throughout several generations. For, in proportion as the series
of known animals grows more complete, none can doubt that
there is a nearer approximation to a graduated scale of being ;
and thus the most closely allied species will possess a greater
number of characters in common.

But, in point of fact, our new acquisitions consist, more
and more as we advance, of specimens brought from foreign
and often very distant and barbarous countries. A large
proportion have never even been seen alive by scientific
inquirers. Instead of having specimens of the young, the
adult, and the aged individuals of each sex, and possessing
means of investigating the anatomical structure, the peculiar
habits and instincts of each, what is usually the state of our
information ? A single specimen, perhaps, of a dried plant, or
a stuffed bird or quadruped ; a shell without the soft parts of
the animal ; an insect in one stage of its numerous transforma-
tions ; these are the scanty and imperfect data, which the
naturalist possesses. Such information may enable us to
separate species which stand at a considerable distance from
each other; but we have no right to expect anything but diffi-
culty and ambiguity, if we attempt, from such imperfect oppor-
tunities, to obtain distinctive marks for defining the characters
of species, which are closely related.

If Lamarck could introduce so much certainty and precision
into the classification of several thousand species of recent and
fossil shells, notwithstanding the extreme remoteness of the
organization of these animals from the type of those vertebrated
species which are best known, and in the absence of so many
of the living inhabitants of shells, we are led to form an exalted
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conception of the degree of exactness to which specific dis-
tinctions are capable of being carried, rather than to call in
question their reality.

When our data are so defective, the most acute naturalist
must expect to be sometimes at fault, and, like the novice, to
overlook essential points of difference, passing unconsciously
from one species to another, until, like one who is borne along
in a current, he is astonished, on looking back, at observing
that he has reached a point so remote from that whence he set
out.

It is by no means improbable that when the series of species
of certain genera is very full, they may be found to differ less
widely from each other, than do the mere varieties or races of
certain species. If such a fact could be established, it would
by no means overthrow our confidence in the reality of species,
although it would certainly diminish the chance of our ob-
taining certainty in our results,

It is almost necessary, indeed, to suppose, that varieties will
differ in some cases, more decidedly than some species, if we
admit that there is a graduated scale of being, and assume that
the following laws prevail in the economy of the animate crea-
tion:—first, that the organization of individuals is capable of
being modified to a limited extent by the force of external
causes ; secondly, that these modifications are, to a certain ex-
tent, transmissible to their offspring; thirdly, that there are
fixed limits beyond which the descendants from common
parents can never deviate from a certain type; fourthly, that
each species springs from one original stock, and can never
be permanently confounded, by intermixing with the progeny
of any other stock ; fifthly, that each species shall endure for
a considerable period of time. Now if we assume, for the pre-
sent, these rules hypothetically, let us see what consequences
may naturally be expected to result.

We must suppose, that when the Author of Nature creates
an animal or plant, all the possible circumstances in which its
descendants are destined to live are foreseen, and that an
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organization is conferred upon it which will enable the species
to perpetuate itself and survive under all the varying circum-
stances to which it must be inevitably exposed. Now the
range of variation of circumstances will differ essentially in
almost every case. Let us take for example any one of the
most influential conditions of existence, such as temperature.
In some extensive districts near the equator, the thermo-
meter might never vary throughout several thousand centuries
for more than 20° Fahrenheit; so that if a plant or animal
be provided with an organization fitting it to endure such
a range, it may continue on the globe for that immense
period, although every individual might be liable at once to be
cut off by the least possible excess of heat or cold beyond the
determinate quantity. But if a species be placed in one of the
temperate zones, and have a constitution conferred on it
capable of supporting a similar range of temperature only, it
will inevitably perish before a single year has passed away.
The same remark might be applied to any other con-
dition, as food for example; it may be foreseen that the
supply will be regular throughout indefinite periods in one
part of the world, and in another very precarious and fluc-
tuating both in kind and quantity. Different qualifications
may be required for enabling species to live for a considerable
time under circumstances so changeable. If, then, temperature
and food be among those external causes, which according to
certain laws of animal and vegetable physiology modify the
organization, form, or faculties of individuals, we instantly
perceive that the degrees of variability from a common
standard must differ widely in the two cases above supposed,
since there is a necessity of accommodating a species in one case
to a much greater latitude of circumstances than in the other.
If it be a law, for instance, that scanty sustenance should
check those individuals in their growth which are enabled
to accommodate themselves to privations of this kind, and
that a parent prevented in this manner from attaining the
size proper to its species should produce a dwarfish offspring,
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a stunted race will arise, as is remarkably exemplified in some
varieties of the horse and dog. The difference of stature in
some races of dogs In comparison to others, is as one to five in
linear dimensions, making a difference of a hundred-fold in
volume*, Now there is good reason to believe that species in
general are by no means susceptible of existing under a diver-
sity of circumstances, which may give rise to such a disparity in
size, and consequently, there will be a multitude of distinct spe-
cies, of which no two adult individuals can ever depart so widely
from a certain standard of dimensions as the mere varieties of
certain other species,—the dog for instance. Now we have only
to suppose that what is true of size, may also hold in regard to
colour and many other attributes, and it will at once follow
that the degree of possible discordance between varieties of the
same species, may in certain cases exceed the utmost dis-
parity which can even arise between two individuals of many
distinct species.

The same remarks may hold true in regard to instincts; for
if it be foreseen that one species will have to encounter a great
variety of foes, it may be necessary to arm it with great
cunning and circumspection, or with courage or other quali-
ties capable of developing themselves on certain occasions; such
for example as those migratory instincts which are so remark-
ably exhibited at particular periods, after they have remained
dormant for many generations. The history and habits
of one variety of such a species, may often differ more con-
siderably from some other than those of many distinct species
which have no such latitude of accommodation to circum-
stances.

Lamarck has somewhat misstated the idea commonly enter-
tained of a species, for it is not true that naturalists in general
assume that the organization of an animal or plant remains
absolutely constant, and that it can never vary in any of
its parts. All must be aware that circumstances influence the
habits, and that the habits may alter the state of the parts and

* Cuvier, Disc, Prelim., p. 128, sixth edition.
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organs *. But the difference of opinion relates to the extent
to which these modifications of the habits and organs of a
particular species may be carried.

Now let us first inquire what positive facts can be adduced
in the history of known species, to establish a great and per-
manent amount of change in the form, structure, or instinct
of individuals descending from some common stock. The
best authenticated examples of the extent to which species can
be made to vary, may be looked for in the history of domes-
ticated animals and cultivated plants. It usually happens that
those species, both of the animal and vegetable kingdom, which
have the greatest pliability of organization, those which are
most capable of accommodating themselves to a great variety
of new circumstances, are most serviceable to man. These
only can be carried by him into different climates, and can have
their properties or instincts variously diversified by differences
of nourishment and habits. If the resources of a species be so
limited, and its habits and faculties be of such a confined and
local character, that it can only flourish in a few particular
spots, it can rarely be of great utility.

‘We may consider, therefore, that in perfecting the arts of
domesticating animals and cultivating plants, mankind have first
selected those species which have the most flexible frames and
constitutions, and have then been engaged for ages in conduct-
ing a series of experiments, with much patience and at great cost,
to ascertain what may be the greatest possible deviation from a
common type which can be elicited in these extreme cases.

The modifications produced in the different races of dogs,
exhibit the influence of man in the most striking point of view.
These animals have been transported into every climate, and
placed in every variety of circumstances; they have been made,
as a modern naturalist observes, the servant, the companion,
the guardian, and the intimate friend of man, and the power of
a superior genius has had a wonderful influence, not only on

* Phil, Zool,, tom, i, p, 266.
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their forms, but on their manners and intelligence*. Dif-
ferent races have undergone remarkable changes in the quan-
tity and colour of their clothing: the dogs of Guinea are
almost naked, while those of the Arctic circle are covered with
a warm coat both of hair and wool, which enables them to
bear the most intense cold without inconvenience. There are
differences also of another kind no less remarkable, as in size,
the length of their muzzles, and the convexity of their fore-
heads.

But if we look for some of those essential changes which
would be required to lend even the semblance of a foun-
dation for the theory of Lamarck, respecting the growth of
new organs and the gradual obliteration of others, we find
nothing of the kind. For in all these varieties of the dog,
says Cuvier, the relation of the bones with each other remain
essentially the same; the form of the teeth never changes in
any perceptible degree, except that in some individuals, one
additional false grinder occasionally appears, sometimes on
the one side, and sometimes on the othert. The greatest
departure from a common type, and it constitutes the maxi-
mum of variation as yet known in the animal kingdom, is
exemplified in those races of dogs which have a supernu-
merary toe on the hind foot with the corresponding tarsal
bones, a variety analogous to one presented by six-fingered
families of the human race}.

Lamarck has thrown out as a conjecture, that the wolf may
have been the original of the dog, but he has adduced no
data to bear out such an hypothesis. ¢ The wolf,” observes
Dr. Prichard, ¢ and the dog differ, not only with respect to
their habits and instincts, which in the brute creation are very
uniform within the limits of one species; but some differences
have also been pointed out in their internal organization,

* Dureau de la Malle, Ann. des. Sci. Nat. tom. xxi. p. 63. Sept. 1830.
1 Disc. Prel,,p. 129, sixth edition. ¢ Ibid.
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particularly in the structure of a part of the intestinal
canal*.”

It is well known that the horse, the ox, the boar and other
domestic animals, which have been introduced into South
America, and have run wild in many parts, have entirely lost
all marks of domesticity, and have reverted to the original
characters of their species. But the dog has also become wild in
Cuba, Hayti, and in all the Caribbean islands. In the course
of the seventeenth century, they hunted in packs from twelve
to fifty, or more in number, and fearlessly attacked herds of
wild-boars and other animals. It is natural, therefore, to
enquire to what form they reverted ? Now they are said by
many travellers to have resembled very nearly the shepherd’s
dog; but it is certain that they were never turned into wolves.
They were extremely savage, and their ravages appear to have
been as much dreaded as those of wolves, but when any of
their whelps were caught, and brought from the woods to the
towns, they grew up in the most perfect submission to man.

As the advocates of the theory of transmutation trust much
to the slow and insensible changes which time may work, they
are accustomed to lament the absence of accurate descriptions,
and figures of particular animals and plants, handed down
from the earliest periods of history, such as might have afforded
data for comparing the condition of species, at two periods
considerably remote. But fortunately, we are in some measure
independent of such evidence, for by a singular accident, the
priests of Egypt have bequeathed to us, in their cemeteries,
that information, which the museums and works of the Greek
philosophers have failed to transmit.

For the careful investigation of these documents, we are
greatly indebted to the skill and diligence of those naturalists
who accompanied the French armies during their brief occu-
pation of Egypt: that conquest of four years, from which we
may date the improvement of the modern Egyptians in the arts

* Prichard, Phys. Hist, of Mankiud, vol i, p. 96, who cites Professor Giildenstudt,
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and sciences, and the rapid progress which has been made of
late in our knowledge of the arts and sciences of their remote
predecessors.  Instead of wasting their whole time as so
many preceding travellers had done, in exclusively collecting
buman mummies, M. Geoffroy and his associates examined
diligently, and sent home great numbers of embalmed bodies
of consecrated animals, such as the bull, the dog, the cat, the
ape, the ichneumon, the crocodile, and the ibis.

To those who have never been accustomed to connect the
facts of Natural History with philosophical speculations, who
have never raised their conceptions of the end and import
of such studies beyond the mere admiration of isolated and
beautiful objects, or the exertion of skill in detecting specific
differences, it will seem incredible that amidst the din of arms,
and the stirring excitement of political movements, so much
enthusiasm could have been felt in regard to these precious
remains.

In the official report drawn up by the Professors of the
Museum at Paris, on the value of these objects, there are
some eloquent passages which may appear extravagant, unless
we reflect how fully these naturalists could appreciate the bear-
ing of the facts thus brought to light on the past history of the
globe.

It seems,” say they, ¢ as if the superstition of the ancient
Egyptians had been inspired by Nature, with a view of trans-
mitting to after ages a monument of her history. That extraor-
dinary and whimsical people, by embalming with so much care
the brutes which were the objects of their stupid adoration, have
left us, in their sacred grottoes, cabinets of zoology almost com-
plete. The climate has conspired with the art of embalming to
preserve the bodies from corruption, and we can now assure
ourselves by our own eyes what was the state of a great number
of species three thousand years ago. We can scarcely restrain
the transports of our imagination, on beholding thus preserved
with their minutest bones, with the smallest portions of their
skin, and in every particular most perfectly recognizable, many
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an animal, which at Thebes or Memphis, two or three thousand
years ago, had its own priests and altars *.”’

Among the Egyptian mummies thus procured were not only
those of numerous wild quadrupeds, birds, and reptiles, but,
what was perhaps of still greater importance in deciding the
great question under discussion, there were the mummies of
domestic animals, among which those above mentioned, the
bull, the dog, and the cat, were frequent. Now such was the
conformity of the whole of these species to those now living,
that there was no more difference, says Cuvier, between them
than between the human mummies and the embalmed bodies
of men of the present day. Yet some of these animals have
since that period been transported by man to almost every
variety of climate, and forced to accommodate their habits to
new circumstances, as far as their nature would permit. The
cat, for example, has been carried over the whole earth, and,
within the last three centuries, has been naturalized in every
part of the new world, from the cold regions of Canada to the
tropical plains of Guiana; yet it has scarcely undergone any
perceptible mutation, and is still the same animal which was
held sacred by the Egyptians.

Of the ox, undoubtedly there are many very distinct races ;
but the bull Apis, which was led in solemn processions by the
Egyptian priests, did not differ from some of those now living.
The black cattle that have run wild in America, where there
were many peculiarities in the climate not to be found, perhaps,
in any part of the old world, and where scarcely a single plant
on which they fed was of precisely the same species, instead of
altering their form and habits, have actually reverted to the
exact likeness of the aboriginal wild cattle of Europe.

In answer to the arguments drawn from the Egyptian mum-
mies, Lamarck said that they were identical with their living
descendants in the same country, because the climate and

* Ann. du Museum, d’Hist. Nat., tom. i. p. 234. 1802. The reporters were
MM. Cuvier, Lacépéde, and Lamarck,
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physical geography of the banks of the Nile have remained
unaltered for the last thirty centuries. But why, we ask,
have other individuals of these species retained the same cha-
racters in so many different quarters of the globe, where the
climate and many other conditions are so varied ?

The evidence derived from the Egyptian monuments was
not confined to the animal kingdom ; the fruits, seeds, and
other portions of twenty different plants, were faithfully pre-
served in the same manner; and among these the common
wheat was procured by Delille, from closed vessels in the
sepulchres of the kings, the grains of which retained not only
their form, but even their colour, so effectual has proved the
process of embalming with bitumen in a dry and equable
climate, No difference could be detected between this wheat
and that which now grows in the East and elsewhere, and
similar identifications were made in regard to all the other
plants.

And here we may observe, that there is an obvious answer
to Lamarck’s objection *, that the botanist cannot point out
a country where the common wheat grows wild, unless in
places where it may have been derived from neighbouring
cultivation. All naturalists are well aware that the geogra-
phical distribution of a great number of species is extremely
limited, and that it was to be expected that every useful plant
should first be cultivated successfully in the country where it
was indigenous, and that, probably, every station which it par-
tially occupied, when growing wild, would be selected by the
agriculturist as best suited to it when artificially increased.
Palestine has been conjectured, by a late writer on the Cerealia,
to have been the original habitation of wheat and barley, a
supposition which appears confirmed by Hebrew and Egyptian
traditions, and by tracing the migrations of the worship of
Ceres, as indicative of the migrations of the plant +.

If we are to infer that some one of the wild grasses has been

* Phil. Zool,, tom, i., p, 227.
+ L’Origine et la Patrie des Céréales, &c, Ann, des Sci, Nat., tom, ix,, p. 61.
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transformed into the common wheat, and that some animal of
the genus canis, still unreclaimed, has been metamorphosed
into the dog, merely because we cannot find the domestic dog,
or the cultivated wheat, in a state of nature, we may be next
called upon to make similar admissions in regard to the camel ;
for it seems very doubtful whether any race of this species of
quadruped is now wild.

But if agriculture, it will be said, does not supply examples
of extraordinary changes of form and organization, the horti-
culturist can, at least, appeal to facts which may confound
the preceding train of reasoning. The crab has been trans-
formed into the apple; the sloe into the plum: flowers have
changed their colour and become double ; and these new cha-
racters can be perpetuated by seed,—a bitter plant with wavy
sea-green leaves has been taken from the sea-side where it grew
like wild charlock, has been transplanted into the garden, lost its
saltness, and has been metamorphosed into two distinct vege-
tables as unlike each other as is each to the parent plant—the
red cabbage and the cauliffower. These, and a multitude of
analogous facts, are undoubtedly among the wonders of nature,
and attest more strongly, perhaps, the extent to which species
may be modified, than any examples derived from the animal
kingdom. But in these cases we find, that we soon reach cer-
tain limits, beyond which we are unable to cause the indivi-
duals, descending from the same stock, to vary; while, on the
other hand, it is easy to show that these extraordinary varieties
could seldom arise, and could never be perpetuated in a wild
state for many generations, under any imaginable combination
of accidents. They may be regarded as extreme cases brought
about by human interference, and not as phenomena which
indicate a capability of indefinite modification in the natural
world.

The propagation of a plant by buds or grafts, and by cut-
tings, is obviously a mode which nature does not employ ; and
this multiplication, as well as that produced by roots and layers,
seems merely to operate as an extension of the life of an indivi-
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dual, and not as a reproduction of the species, as happens by
seed. All plants increased by the former means retain pre-
cisely the peculiar qualities of the individual to which they
owe their origin, and, like an individual, they have only a
determinate existence; in some cases longer and in others
shorter *. It seems now admitted by horticulturists, that
none of our garden varieties of fruit are entitled to be con-
sidered strictly permanent, but that they wear out after a
time 1 ; and we are thus compelled to resort again to seeds;
in which case, there is so decided a tendency in the seedlings
to revert to the original type, that our utmost skill is some-
times baffled in attempting to recover the desired variety.

The different races of cabbages afford, as we have admitted,
an astonishing example of deviation from a common type; but
we can scarcely conceive them to have originated, much less to
have Jasted for several generations, without the intervention of
man. It is only by strong manures that these varieties have
been obtained, and in poorer soils they instantly degenerate.
If, therefore, we suppose in a state of nature the seed of the
wild Brassica oleracea to have been wafted from the sea-side
to some spot enriched by the dung of animals, and to have there
become a cauliflower, it would soon diffuse its seed to some
comparatively steril soils around, and the offspring would
relapse to the likeness of the parent stock, like some indivi-
duals which may now be seen growing on the cornice of old
London bridge.

But if we go so far as to imagine the soil, in the spot
first occupied, to be constantly manured by herds of wild
animals, so as to continue as rich as that of a garden, still the
variety could not be maintained, because we know that each of
these races is prone to fecundate others, and gardeners are
compelled to exert the utmost diligence to prevent cross-breeds.
The intermixture of the pollen of varieties growing in the
poorer soil around, would soon destroy the peculiar characters

* Smith’s Introduction to Botany, p. 138. Edit. 1807.

1 See Mr. Knight’s Observations, Hort. Trans., vol. ii,, p. 160.
Vo IL. D
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of the race which occupied the highly-manured tract ; for, if
these accidents so continually happen in spite of us, among
the culinary varieties, it is easy to see how soon this cause
might obliterate every marked singularity in a wild state.

Besides, it is well-known that although the pampered races
which we rear in our gardens for use or ornament, may
often be perpetuated by seed, yet they rarely produce seed
in such abundance, or so prolific in quality, as wild individuals;
so that, if the care of man were withdrawn, the most fertile
variety would always, in the end, prevail over the more steril.

Similar remarks may be applied to the double flowers which
present such strange anomalies to the botanist. The ovarium,
in such cases, is frequently abortive, and the seeds, when pro-
lific, are generally much fewer than where the flowers are
single.

Some curious experiments recently made on the production
of blue instead of red flowers in the Hydrangea hortensis,
illustrate the immediate effect of certain soils on the colours of
the petals. In garden-mould or compost, the flowers are in-
variably red ; in some kinds of bog-earth they are blue ; and
the same change is always produced by a particular sort of
yellow loam.

Linnzus was of opinion that the primrose, oxlip, cowslip,
and polyanthus, were only varieties of the same species. The
majority of modern botanists, on the contrary, consider them
to be distinct, although some conceived that the oxlip might
be a cross between the cowslip and the primrose. Mr. Her-
bert has lately recorded the following experiment :—¢ I raised
from the natural seed of one umbel of a highly-manured red
cowslip, a primrose, a cowslip, oxlips of the usual and other
colours, a black polyanthus, a hose-in-hose cowslip, and a na-
tural primrose bearing its flower on a polyanthus stalk. From
the seed of that very hose-in-hose cowslip I have since raised a
hose-in-hose primrose. I therefore consider all these to be
only local varieties depending upon soil and situation *.” Pro-

* Hort. Trans., vol. iv., p. 19,
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fessor Henslow, of Cambridge, has since confirmed this experi-
ment of Mr. Herbert, so that we have an example, not only
of the remarkable varieties which the florist can obtain from a
common stock, but of the distinctness of analogous races found
in a wild state*.

On what particular ingredient, or quality in the earth, these
changes depend, has not yet been ascertained +. But garden-
ers are well aware that particular plants, when placed under
the influence of certain circumstances, are changed in various
ways according to the species; and as often as the experiments
are repeated similar results are obtained. The nature of these
results, however, depends upon the species, and they are, there-
fore, part of the specific character; they exhibit the same
phenomena again and again, and indicate certain fixed and
invariable relations between the physiological peculiarities of
the plant, and the influence of certain external agents. They
afford no ground for questioning the instability of species, but
rather the contrary; they present us with a class of pheno-
mena which, when they are more thoroughly understood,
may afford some of the best tests for identifying species, and
proving that the attributes originally conferred, endure so long
as any issue of the original stock remains upon the earth.

* Loudon's Mag. of Nat. Hist., Sept. 1830, vol. iii., p. 408.
1 Hort. Trans., vol. iii,, p. 173.
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CHAPTER X.

Influence of inorganic causes in changing the habitations of speecis—Powers
of diffusion indispensable, that each species may maintain its ground—How
changes in the physical geography affect the distribution of species—Rate of
the change of species cannot be uniform, however regular the action of the
inorganic causes—Illustration derived from subsidences by earthquakes—from
the elevation of land by the same—from the formation of new islands—from
the wearing through of an isthmus—Each change in the physical geography
of large regions must occasion the extinction of species—Effects of a general
alteration of climate on the migration of species—Gradual refrigeration causes
species in the northern and southern hemispheres to become distinct—Elevation
of temperature the reverse—Effects in the distribution of species which must
result from vicissitudes in climate inconsistent with the theory of transmutation,

Havine shown in the last chapter how considerably the
numerical increase or the extension of the geographical range
of any one species must derange the numbers and distribution
of others, let us now direct our attention to the influence which
the inorganic causes described in our first volume are con-
tinually exerting on the habitations of species.

So great is the instability of the earth’s surface, that if
Nature were not continually engaged in the task of sowing
seeds and colonizing animals, the depopulation of a certain
portion of the habitable sea and land would in a few years be
considerable. Whenever a river transports sediment into a
lake or sea, the aquatic animals and plants which delight in
deep water are expelled : the tract, however, is not allowed to
remain useless, but is soon peopled by species which require
more light and heat, and thrive where the water is shallow.
Every addition made to the land by the encroachment of the
delta of a river banishes many subaqueous species from their
native abodes; but the new-formed plain is not permitted to
lie unoccupied, being instantly covered with terrestrial vege-
tation. The ocean devours continuous lines of sea-coast, and
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precipitates forests or rich pasture-land into the waves; but
this space is not lost to the animate creation, for shells and sea-
weed soon adhere to the new-made cliffs, and numerous fish
people the channel which the current has scooped out for itself.
No sooner has a volcanic isle been thrown up than some lichens
begin to grow upon it, and it is sometimes clothed with verdure,
while smoke and ashes are still occasionally thrown from the
crater. 'The cocoa, pandanus, and mangrove take root upon
the coral reef before it has fairly risen above the waves. The
burning stream of lava that descends from Etna rolls through
the stately forest, and converts to ashes every tree and herb
which stand in its way ; but the black strip of land thus deso-
lated, is covered again, in the course of time, with oaks, pines,
and chestnuts, as luxuriant as those which the fiery torrent
swept away.

Every flood and landslip, every wave which a hurricane
or earthquake throws upon the shore, every shower of volcanic
dust and ashes which buries a country far and wide to the
depth of many feet, every advance of the sand-flood, every
conversion of salt-water into fresh when rivers alter their
main channel of discharge, every permanent variation in the
rise or fail of tides in an estuary—these and countless other
causes displace in the course of a few centuries certain plants
and animals from stations which they previously occupied. If,
therefore, the Author of Nature had not been prodigal of those
numerous contrivances before alluded to, for spreading all
classes of organic beings over the earth—if he had not ordained
that the fluctuations of the animate and inanimate creation
should be in perfect harmony with each other, it is evident that
considerable spaces, now the most habitable on the globe, would
soon be as devoid of life as are the Alpine snows, or the dark
abysses of the ocean, or the moving sands of the Sahara.

The powers then of migration and diffusion conferred on
animals and plants, are indispensable to enable them to main-
tain their ground,and would be necessary even though it were
never intended that a species should gradually extend its geo-
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graphical range. But a facility of shifting their quarters
being once given, it cannot fail to happen that the inhabitants
of one province should occasionally penetrate into some other,
since the strongest of those barriers which we before described
as separating distinct regions, are all liable to be thrown down
one after the other, during the vicissitudes of the earth’s
surface.

The numbers and distribution of particular species are
affected in two ways, by changes in the physical geography of
the earth, First, these changes promote or retard the migra-
tions of species; secondly, they alter the physical conditions
of the localities which species inhabit. If the ocean should
gradually wear its way through an isthmus, like that of Suez,
it would open a passage for the intermixture of the aquatic
tribes of two seas previously disjoined, and would, at the same
time, close a free communication which the terrestrial plants
and animals of two continents had before enjoyed. These
would be, perhaps, the most important consequences in regard
to the distribution of species, which would result from the
breach made by the sea in such a spot ; but there would be
others of a distinct nature, such as the conversion of a certain
tract of land which formed the isthmus into sea. This space
previously occupied by terrestrial plants and animals would be
immediately delivered over to the aquatic, a local revolution
which might have happened in innumerable other parts of the
globe, without being attended by any alteration in the blending
together of species of two distinct provinces.

This observation leads us to point out one of the most
interesting conclusions to which we are led by the contempla-
tion of the vicissitudes of the inanimate world in relation to
those of the animate, It is clear that if the agency of in-
organic causes be uniform as we have supposed, they must ope-
rate very irregularly on the state of organic beings, so that the
rate according to which these will change in particular regions
will not be equal in equal periods of time.

We are not about to advocate the doctrine of general catas-
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trophes recurring at certain intervals, as in the ancient oriental
cosmogonies, nor do we doubt that if very considerable periods
of equal duration could be taken into our consideration and
compared one with another, the rate of change in the living,
as well as in the inorganic world, would be nearly uniform;
but if we regard each of the causes separately, which we know
to be at present the most instrumental in remodelling the state
of the surface, we shall find that we must expect each to be in
action for thousands of years, without producing any extensive
alterations in the habitable surface, and then to give rise,
during a very brief period, to important revolutions.

We shall illustrate this principle by a few of the most
remarkable examples which present themselves. In the course
of the last century, as we have before pointed out, a considerable
number of instances are recorded of the solid surface, whether
covered by water or not, having been permanently sunk or
upraised by the power of earthquakes. Most of these con-
vulsions are only accompanied by temporary fluctuations in
the state of limited districts, and a continued repetition of
these events for thousands of years might not produce any
decisive change in the state of many of those great zoological or
botanical provinces of which we have sketched the boundaries.

When, for example, large parts of the ocean and even of in-
land seas are a thousand fathoms or upwards in depth it is a
matter of no moment to the animate creation that vast tracts
should be heaved up many fathoms at certain intervals, or
should subside to the same amount. Neither can any material
revolution be produced in South America either in the terres-
trial or the marine plants or animals by a series of shocks on
the coast of Chili, each of which, like that of Penco, in 1750,
should uplift the coast about twenty-five feet. Nor if the
ground sinks fifty feet at a time, as in the harbour of Port
Royal, in Jamaica, in 1692, will such alterations of level work
any general fluctuations in the state of organic beings inbabit-
ing the West India islands, or the Caribbean Sea.

It is only when these subterranean powers, by shifting
Vor. II M
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gradually the points where their principal force is developed,
happen to strike upon some particular region where a slight
change of level immediately affects the distribution of land
and water, or the state of the climate, or the barriers between
distinct groups of species over extensive areas, that the rate of
fluctuation becomes accelerated, and may, in the course of a
few years or centuries, work mightier changes than had been
experienced in myriads of antecedent years.

Thus, for example, a repetition of subsidences causing the
narrow isthmus of Panama4 to sink down a few hundred feet,
might in a few centuries bring about a great revolution in
the state of the animate creation in the western hemisphere.
Thousands of aquatic species would pass for the first time
from the Caribbean Sea into the Pacific; and thousands of
others, before peculiar to the Pacific ocean, would make their
way into the Caribbean Sea, the Gulf of Mexico, and the
Atlantic. A considerable modification would probably be oc-
casioned by the same event in the direction or volume of the
Gulf-stream, and thereby the temperature of the sea and the
contiguous lands would be altered as far as the influence of
that current extends. A change of climate might thus be
produced in the ocean from Florida to Spitzbergen, and in
many countries of North America, Europe, and Greenland.
Not merely the heat, but the quantity of rain which falls would
be altered in certain districts, so that many species would be
excluded from tracts where they before flourished ; others
would be reduced in number; and some would thrive more
and multiply. The seeds also and the fruits of plants would no
longer be drifted in precisely the same directions, nor the eggs
of aquatic animals ; neither would species be any longer im-
peded in their migrations towards particular stations before
shut out from them by their inability to cross the mighty
current.

Let us take another example from a part of the globe which
is at present liable to suffer by earthquakes, viz., the low
sandy tract which intervenes between the sea of Azof and the
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Caspian. If there should occur a sinking down to a trifling
amount, and such ravines should be formed as might be pro-
duced by a few earthquakes, not more considerable than have
fallen within our limited observation during the last one hun-
dred and forty years, the waters of the sea of Azof would pour
rapidly into the Caspian, which, according to the lowest estis
mate, is fifty feet lower than the level of the Black Sea, and
which, according to some writers of considerable authority, is
one hundred and fifty feet,—according to others, three hun-
dred feet below the level of the Sea of Azof*. 'The latter
sea would immediately borrow from the Euxine, the Euxine
from the Mediterranean, and the Mediterranean from the
Atlantic, so that an inexhaustible current would pour down
into the low tracts of Asia bordering the Caspian, by which
all the sandy salt steppes adjacent to that sea would be ine
undated.

The diluvial waters would reach the salt lake of Aral, nor
stop until their eastern shores were bounded by the high land
which in the steppe of the Kirghis connects the Altay with
the Himalaya mountains. A few years, perhaps a few months
might suffice for the accomplishment of this great revolution
in the geography of the interior of Asia; and it is impossible
for those who believe in the permanence of the energy with
which existing causes now act, not to anticipate such events
again and again in the course of future ages.

Let us next imagine a few cases of the elevation of land of
small extent at certain critical points, as, for example, in the
shallowest parts of the Straits of Gibraltar, where the sound-
ings from the African to the European side give only two
hundred and twenty fathoms. In proportion as this sub-
marine barrier of rock was upheaved, to effect which would
merely require the shocks of partial and confined earthquakes,
the volume of water which pours in from the Atlantic into the
Mediterranean would be lessened. But the loss of the inland
sea by evaporation would remain the same, so that being no

* Malte-Brun, vol. vi. p. 405,
M2
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Jonger able to draw on the ocean for a supply sufficient to
restore its equilibrium, it must sink, and leave dry a certain
portion of land around its borders. The current which now
flows constantly out of the Black Sea into the Mediterranean
would then rush in more rapidly, and the level of the Mediter-
ranean would be thereby prevented from falling so low; but
the level of the Black Sea would, for the same reason, sink, so
that when, by a continued series of elevatory movements, the
Straits of Gibraltar had become completely closed up, we
might expect large and level sandy steppes to surround both
the Euxine and Mediterranean, like those occurring at present
on the skirts of the Caspian, and the sea of Aral. The geo-
graphical range of hundreds of aquatic species would be
thereby circumscribed, and that of hundreds of terrestrial
plants and animals extended.

A line of submarine volcanos crossing the channel of some
strait, and gradually choking it up with ashes and lava, might
produce a new barrier as effectually as a series of earth-
quakes; especially if thermal springs, plentifully charged with
carbonate of lime, silica, and other mineral ingredients, should
promote the rapid multiplication of corals and shells, and
cement them together with solid matter precipitated during
the intervals between eruptions. Suppose in this manner a
stoppage to be caused of the Bahama Channel between the
bank of that name and the coast of Florida. This insignificant
revolution, confined to a mere spot in the bottom of the ocean,
would, by diverting the main current of the Gulf-stream, give
rise more effectually than the opening of the Straits of Panamé4
before supposed, to extensive changes in the climate and
distribution of animals and plants inhabiting the northern
hemisphere.

A repetition of elevatory movements of earthquakes might
continue over an area as extensive as Europe, for thousands
of ages, at the bottom of the ocean in certain regions, and
produce no visible effects ; whereas, if they should operate in
some shallow parts of the Pacific, amid the coral archipelagos,
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they would soon give birth to a new continent. Hundreds
of volcanic islands may be thrown up and become covered
with vegetation, without causing more than local Huctuations
in the animate world; but if a chain like the Aleutian archipe-
lago or the Kurile isles, run for a distance of many hundred
miles, so as to form an almost uninterrupted communication
between two continents, or two distant islands, the migrations
of plants, birds, insects, and even of some quadrupeds, may
cause in a short time an extraordinary series of revolutions,
tending to augment the range of some animals and plants, and
to limit that of others. A new archipelago might be formed
in the Mediterranean, the Bay of Biscay, and a thousand
other localities, and might produce less important events than
one rock which should rise up between Australia and Javas
so placed that winds and currents might cause an interchange
of the plants, insects, and birds, of the latter countries.

If we turn from the igneous to the aqueous agents, we find
the same tendency to an irregular rate of change, naturally
connected with the strictest uniformity in the energy of those
causes. When the sea, for example, gradually encroaches
upon both sides of a narrow isthmus, as that of Sleswick,
separating the North Sea from the Baltic, where, as we stated,
the cliffs on both the opposite coasts are wasting away ¥, no
material alteration results for thousands of years, save only that
there is a progressive conversion of a small strip of land into
water. A few feet only, or a few yards, are annually removed ;
but when at last the partition shall be broken down, and the
tides of the ocean shall enter by a direct passage into the in-
land sea, instead of going by a circuitous route through the
Cattegat, a body of salt-water will sweep up as far as the
Gulfs of Bothnia and Finland, the waters of which are now
brackish, or almost fresh ; and this revolution will be attended
by the local annihilation of many species.

Similar consequences must have resulted, on a small scale,
when the sea opened its way through the isthmus of Staveren

* Vol. 1. p. 289.
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in the thirteenth century, forming an union between an inland
lake and the ocean, and opening, in the course of one century,
a shallow strait more than half as wide as the narrowest part
of that which divides England from France.

It will almost seemn superfluous, after we have thus traced
the important modifications in the condition of living beings
which flow from changes of trifling extent, to argue that entire
revolutions might be brought about, if the climate and physical
geography of the whole globe were greatly altered. Species we
have stated are, in general, local, some being confined to ex-
tremely small spots, and depending for their existence on a com-
bination of causes which, if they are to be met with elsewhere,
occur only in some very remote region. Hence it must happen
that when the nature of these localities is changed the species
will perish ; for it will rarely happen that the cause which
alters the character of the district will afford new facilities to
the species to establish itself elsewhere.

If we attribute the origin of a great part of the desert of
Africa to the gradual progress of moving sands, driven east-
ward by the westerly winds, we may safely infer that a variety
of species must have been annihilated by this cause alone. The
sand-flood has been inundating, from time immemorial, the
rich lands on the west of the Nile, and we have only to mul-
tiply this effect a suflicient number of times, in order to under-
stand how, in the lapse of ages, a whole group of terrestrial
animals and plants may become extinct.

This desert, without including Bornou and Darfour, extends,
according to the calculation of Humboldt, over one hundred
and ninety-four thousand square leagues, an area far more than
double that of the Mediterranean, which occupies only seventy-
nine thousand eight hundred square leagues. In a small por-
tion of so vast a space, we may infer, from analogy, that there
were many peculiar species of plants and animals which must
have been banished by the sand, and their habitations invaded
by the camel and by birds and insects formed for the arid
sands.
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There is evidently nothing in the nature of the catastrophe
to favour the escape of the former inhabitants to some adjoin-
ing province ; nothing to weaken, in the bordering lands, that
powerful barrier against emigration—pre-occupancy. Nor,
even if the exclusion of a certain group of species from a given
tract were compensated by an extension of their range over a
new country, would that circumstance tend to the conservation
of species in general ; for the extirpation would merely then be
transferred to the region so invaded. If it be imagined, for
example, that the aboriginal quadrupeds, birds, and other ani-
mals of Africa emigrated in consequence of the advance of
drift-sand, and colonized Arabia, the indigenous Arabian
species must have given way before them, and have been
reduced in number or destroyed.

Let us next suppose that, in some central and more elevated
parts of the great African deseit, the upheaving power of
earthquakes should be exerted throughout an immense series
of ages, accompanied, at certain intervals, by volcanic erup-
tions such as gave rise at once, in 1755, to a mountain one
thousand seven hundred feet high, on the Mexican plateau.
When the continued repetition of these events had caused a
mountain-chain, it is obvious that a complete transformation
in the state of the climate would be brought about throughout
a vast area.

We will imagine the summits of the new chain to rise so as
to be covered, like Mount Atlas, for several thousand feet,
with snow during a great part of the year. The melting of
these snows, during the greatest heat, would cause the rivers
to swell in the season when the greatest drought now prevails;
the waters, moreover, derived from this source, would always
be of lower temperature than the surrounding atmosphere, and
would thus contribute to cool the climate. During the nu-
merous earthquakes and volcanic eruptions which would attend
the gradual formation of the chain, there would be many floods,
caused by the bursting of temporary lakes and by the melting
of snows by lava. These inundations would deposit alluvial
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matter far and wide over the original sands at all levels, as the
country assumed various shapes, and was modified again and
again by the moving power from below, and the aqueous
erosion of the surface above. At length the Sahara would be
fertilized, irrigated by rivers and streamlets intersecting it in
every direction, and covered by jungle and morasses, so that
the animals and plants which now people northern Africa
would disappear, and the region would gradually become fitted
for the reception of a population of species perfectly dissimilar
in their forms, habits, and organization.

There are always some peculiar and characteristic features
in the physical geography of each large division of the globe;
and on these peculiarities the state of animal and vegetable life
is dependent. If, therefore, we admit incessant fluctuations in
the physical geography, we must, at the same time, concede
the successive extinction of terrestrial and aquatic species to be
part of the economy of our system. When some great class of
stations is in excess in certain latitudes, as, for example, in
wide savannahs, arid sands, lofty mountains, or inland seas, we
find a corresponding development of species adapted for such
circumstances. In North America, where there is a chain
of vast inland lakes of fresh-water, we find an extraordinary
abundance and variety of aquatic birds, fresh-water fish, tes-
tacea, and small amphibious reptiles, fitted for such a climate.
The greater part of these would perish if the lakes were de-
stroyed,—an event that might be brought about by some of
the least of those important revolutions contemplated in geo-
logy. It might happen that no fresh-water lakes of corre-
sponding magnitude might then exist on the globe ; but if they
occurred elsewhere, they might be situated in New Holland,
Southern Africa, Eastern Asia, or some region so distant as to
be quite inaccessible to the North American species ; or they
might be situated within the tropics, in a climate uninhabitable
by species fitted for a temperate zone; or, finally, we may
presume that they would be pre-occupied by indigenous tribes.

To pursue this train of reasoning farther is unnecessary ; the
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reader has only to reflect on what we have said of the habita-
tions and the stations of organic beings in general, and to
consider them in relation to those effects which we have con-
templated in our first volume as resulting from the igneous
and aqueous causes now in action, and he will immediately
petceive that, amidst the vicissitudes of the earth’s surface,
species cannot be immortal, but must perish one after the other,
like the individuals which compose them. There is no pos-
sibility of escaping from this conclusion, without resorting to
some hypothesis as violent as that of Lamarck, who imagined,
as we have before seen, that species are each of them endowed
with indefinite powers of modifying their organization, in con-
formity to the endless changes of circumstances to which they
are exposed.

Some of the effects which must attend every general altera-
tion of climate are sufficiently peculiar to claim a separate
consideration before concluding the present chapter.

We have before stated that, during seasons of extraordinary
severity, many northern birds, and, in some countries, many
quadrupeds, migrate southwards. If these cold seasons were
to become frequent, in consequence of a gradual and general
refrigeration of the atmosphere, such migrations would be more
and more regular, until, at length, many animals, now con-
fined to the arctic regions, would become the tenants of the
temperate zone ; while the inhabitants of the latter would
approach nearer to the equator. At the same time, many
species previously established on high mountains, would begin
to descend, in every latitude, towards the middle regions, and
those which were confined to the flanks of mountains would
make their way into the plains. Analogous changes would
also take place in the vegetable kingdom.

If, on the contrary, the heat of the atmosphere be on the
increase, the plants and animals of low grounds would ascend
to higher levels, the equatorial species would migrate into the
temperate zone, and those of the temperate into the arctic circle.

But although some species might thus be preserved, every
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great change of climate must be fatal to many which can find
no place of retreat, when their original habitations become
unfit for them. For if the general temperature be on the
rise, then is there no cooler region whither the polar species
can take refuge; if it be on the decline, then the animals and
plants previously established between the tropics have no
resource. Suppose the general heat of the atmosphere to in-
crease, so that even the arctic region became too warm for the
musk-ox and rein-deer, it is clear that they must perish ; so,
if the torrid zone should lose so much of its heat by the pro-
gressive refrigeration of the earth’s surface, as to be an unfit
habitation for apes, boas, bamboos, and palms, these tribes of
animals and plants, or at least most of the species now belong-
ing to them, would become extinct, for there would be no
warmer latitudes for their reception.

It will follow, therefore, that as often as the climates of the
globe are passing from the extreme of heat to that of cold—
from the summer to the winter of the great year before alluded
to by us*—the migratory movement will be directed constantly
from the poles towards the equator; and for this reason the
species inhabiting parallel latitudes, in the northern and
southern hemispheres, must become widely different. For
we assume, on grounds before stated ¥, that the original stock
of each species is introduced into one spot of the earth only,
and, consequently, no species can be at once indigenous in the
arctic and antarctic circles.

But when, on the contrary, a series of changes in the phy-
sical geography of the globe, or any other supposed cause,
occasions an elevation of the general temperature,—when there
is a passage from the winter to one of the vernal or summer
seasons of the great cycle of climates, then the order of the
migratory movement is inverted. The different species of
animals and plants direct their course from the equator towards
the poles; and the northern and southern hemispheres may
become peopled, to a great degree, by identical species. Such

* Vol i, p. 116. 4 Chap. VIIL
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is not the actual state of the inhabited earth, as we have already
shown in our sketch of the geographical distribution of its
living productions ; and this fact adds one more additional
proof to a great body of evidence, derived from independent
sources, that the general temperature has been cooling down
during the epochs which immediately preceded our own.

We do not mean to speculate on the entire transposition of
a group of animals and plants from tropical to polar latitudes,
or the reverse, as a probable, or even possible, event; for
although we believe the mean annual temperature of one zone
to be transferrible to another, we know that the same climate
cannot be so transferred. Whatever be the general tempera-
ture of the earth’s surface, comparative equability of heat will
characterize the tropical regions, while great periodical variations
will belong to the temperate, and still more to the polar lati-
tudes. These, and many other peculiarities connected with
heat and light, depend on fixed astronomical causes, such as
the motion of the earth and its position in relation to the sun,
and not on those fluctuations of its surface, which may influ-
ence the general temperature.

Among many obstacles to such extensive transferences of
habitations, we must not forget the immense lapse of time re-
quired, according to any hypothesis yet suggested, especially
that which has appeared to us most feasible, to bring about a
considerable change in climate. During a period so vast, the
other causes of extirpation, before enumerated by us, would
exert so powerful an influence as to prevent all, save a very few
hardy species, from passing from equatorial to polar regions,
or from the tropics to the pole.

But the power of accommodation to new circumstances is
great in certain species, and might enable many to pass from
one zone to another, if the mean annual heat of the atmosphere
and the ocean were greatly altered. To the marine tribes,
especially, such a passage would be possible, for they are less
impeded in their migrations, by barriers of land, than are the
terrestrial by the ocean. Add to this, that the temperature of
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the ocean is much more uniform than that of the atmosphere in-
vesting the land, so that we may easily suppose that most of the
testacea, fish, and other classes, might pass from the equatorial
into the temperate regions, if the mean temperature of those
regions were transposed, although a second expatriation of
these species of tropical origin into the arctic and antarctic
circles would probably be impossible.

On the principles above explained, if we found that at some
former period, as when, for example, our carboniferous strata
were deposited, the same tree-ferns and other plants inhabited
the regions now occupied by Europe and Van Dieman’s Land,
we should suspect that the species in question had, at some
antecedent period, inhabited lands within the tropics, and that
an increase of the mean annual heat had caused them to emi-
grate into both the temperate zones. There are no geological
data, however, as yet obtained, to warrant the opinion that
such identity of species existed in the two hemispheres in the
era in question.

Let us now consider more particularly the effect of vicissi-
tudes of climate in causing one species to give way before the
increasing numbers of some other.

When temperature forms the barrier which arrests the pro-
gress of an animal or plant in a particular direction, the
individuals are fewer and less vigorous as they approach the
extreme confines of the geographical range of the species.
But these stragglers are ready to multiply rapidly on the
slightest increase or diminution of heat that may be favourable
to them, just as particular insects increase during a hot sum-
mer, and certain plants and animals gain ground after a series
of congenial seasons.

In almost every district, especially if it be mountainous, there
are a variety of species the limits of whose habitations are con-
terminous, some being unable to proceed farther without
encountering too much heat, others too much cold. Individuals,
which are thus on the borders of the regions proper to their
respective species, are like the out-posts of hostile armies,
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ready to profit by every slight change of circumstances in their
favour, and to advance upon the ground occupied by their
neighbours and opponents.

The proximity of distinct climates, produced by the inequal-
ities of the earth’s surface, brings species possessing very dif-
ferent constitutions into such immediate contact, that their
naturalizations are very speedy whenever opportunities of
advancing present themselves. Many insects and plants, for
example, are common to low plains within the arctic circle,
and to lofty mountains in Scotland and other parts of Europe.
If the climate, therefore, of the polar regions were transferred
to our own latitudes, the species in question would immediately
descend from these elevated stations to overrun the low
grounds. Invasions of this kind, attended by the expulsion
of the pre-occupants, are almost instantaneous, because the
change of temperature not only places the one species in a more
favourable position, but renders the others sickly and almost
incapable of defence.

Lamarck appears to have speculated on the modifications to
which every variation of external circumstances might give rise
in the form and organization of species, as if he had indefinite
periods of time at his command, not sufficiently reflecting that
revolutions in the state of the habitable earth, whether by
changes of climate or any other condition, are attended by still
greater fluctuations in the relative condition of contemporary
species. They can avail themselves of these alterations in their
favour instantly, and augment their numbers to the injury of
some other species; whereas the supposed transmutations are
only assumed to be brought about by slow and insensible de-
grees, and in a lapse of ages, the duration of which is beyond
the reach of human conception Even if we thought it possible
that the palm or the elephant, which now flourish in equatorial
regions, could ever learn to bear the variable seasons of our
temperate zone, or the rigours of an arctic winter, we should,
with no less confidence, affirm, that they must perish before
they had time to become habituated to such new circumstances.
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That they would be supplanted by other species at each varia-
tion of climate, may be inferred from what we have before said
of the known local exterminations of species which have resulted
from the multiplication of others. Some minute insect, per-
haps, might be the cause of destruction to the huge and
powerful elephant.

Suppose the climate of the highest part of the woody zone
of Etna to be transferred to the sea-shore at the base of the
mountain, no botanist would anticipate that the olive, lemon-
tree, and prickly pear (Cactus opuntia), would be able to con-
tend with the oak and chestnut, which would begin forthwith
to descend to a lower level, or that these last would be able to
stand their ground against the pine, which would also, in the
space of a few years, begin to occupy a lower position. We
might form some kind of estimate of the time which might be
required for the migrations of these plants; whereas we have
no data for concluding that any number of thousands of years
would be sufficient for one step in the pretended metamor-
phosis of one species into another, possessing distinct attributes
and qualities.

This argument is applicable not merely to climate, but to
any other cause of mutation. However slowly a lake may be
converted into a marsh, or a marsh into a meadow, it is evident
that before the lacustrine plants can acquire the power of living
in marshes, or the marsh-plants of living in a less humid soil,
other species, already existing in the region, and fitted for
these several stations, will intrude and keep possession of the
ground. So if a tract of salt-water becomes fresh by passing
through every intermediate degree of brackishness, still the
marine molluscs will never be permitted to be gradually meta-
morphosed into fluviatile species; because long before any such
transformation can take place by slow and insensible degrees,
other tribes, which delight in brackish or fresh-water, will avail
themselves of the change in the fluid, and will, each in their
turn, monopolize the space.

It is idle to dispute about the abstract possibility of the con-
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version of one species into another, when there are known causes
so much more active in their nature, which must always inter-
vene and prevent the actual accomplishment of such conversions.
A faint image of the certain doom of a species less fitted to
struggle with some new condition in a region which it pre-
viously inhabited, and where it has to contend with a more
vigorous species, is presented by the extirpation of savage tribes
of men by the advancing colony of some civilized nation. In
this case the contest is merely between two different races, each
gifted with equal capacities of improvement—between two
varieties, moreover, of a species which exceeds all others in its
aptitude to accommodate its habits to the most extraordinary
variations of circumstances. Yet few future events are more
certain than the speedy extermination of the Indians of North
America and the savages of New Holland in the course of a
few centuries, when these tribes will be remembered only in
poetry and tradition.




CHAPTER XI.

Theory of the successive extinction of species consistent with their limited geo-
graphical distribution—The discordance in the opiniuns of botanists respecting
the centres from which plants have been diffused may arise from changes in
physical geography subsequent to the origin of living species—Whether there
are grounds for inferring that the loss from time to time of certain animals and
plants is compensated by the introduction of new species —Whether any
evidence of such new creations could be expected within the historical era, even
if they had been as frequent as cases of extinction P—The question whether
the existing species have been created in succession can only be decided by
reference to geological monuments.

WE have pointed out in the preceding chapters the strict
dependence of each species of animal and plant on certain
physical conditions in the state of the earth’s surface, and on
the number and attributes of other organic beings inhabiting
the same region. We have also endeavoured to show that all
these conditions are in a state of continual fluctuation, the
igneous and aqueous agents remodelling, from time to time,
the physical geography of the globe, and the migrations of
species causing new relations to spring up successively between
different organic beings. We have deduced as a corollary,
that the species existing at any particular period must, in the
course of ages, become extinct one after the other. ¢ They
must die out,” to borrow an emphatical expression from Buffon,
¢ because Time fights against them.”

If the views which we have taken are just, there will be no
difficulty in explaining why the habitations of so many species
are now restrained within exceedingly narrow limits. Every
local revolution, such as those contemplated in the preceding
chapter, tends to circuimsecribe the range of some species, while
it enlarges that of others; and as we have been led to infer
that new species originate in one spot only, each must require
time to diffuse itself over a wide area. The recent origin,
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therefore, of some species, and the high antiquity of others, may
be equally consistent with the general fact of their limited dis-
tribution, some being local, because they have not existed long
enough to admit of their wide dissemination ; others, because
circumstances in the animate or inanimate world have occurred
to restrict the range which they may once have obtained.

As considerable modifications in the relative levels of land
and sea have taken place, in certain regions, since the existing
species were in being, we can feel no surprise that the zoologist
and botanist have hitherto found it difficult to refer the geo-
graphical distribution of species to any clear and determinate
principles, since they have usually speculated on the pheno-
mena, upon the assumption that the physical geography of the
globe had undergone no material alteration since the introduc-
tion of the species now living. So long as this assumption was
made, the facts relating to the geography of plants and animals
appeared capricious in the extreme, and by many the subject
was pronounced to be so full of mystery and anomalies, that
the establishment of a satisfactory theory was hopeless.

Some botanists conceived, in accordance with the hypothesis
of Willdenow, that mountains were the centres of creation from
which the plants now inhabiting large continents have radiated,
to which Decandolle and others, with much reason, objected,
that mountains, on the contrary, are often the barriers between
two provinces of distinct vegetation. The geologist who is
acquainted with the extensive modifications which the surface
of the earth has undergone in very recent geological epochs,
may be able, perhaps, to reconcile both these theories in their
application to different regions.

A lofty range of mountains, which is so ancient as to
date from a period when the species of animals and plants
differed from those now living, will naturally form a barrier
between contiguous provinces; but a chain which has been
raised, in great part, within the epoch of existing species, and
around which new lands have arisen from the sea within that
period, will bea centre of peculiar vegetation,

Vo, II, N
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¢ In France,” observes Decandolle*, ¢ the Alps and Ce-
vennes prevent a great number of the plants of the south from
spreading themselves to the northward; but it has been re-
marked that some species have made their way through the
gorges of these chains, and are found on their northern sides,
principally in those places where they are lower and more
interrupted.” Now the chains here alluded to have probably
been of considerable height, even since the era when the exist-
ing vegetation began to appear, and were it not for the deep
fissures which divide them, they might have caused much more
abrupt terminations to the extension of distinct assemblages of
species.

Parts of the Italian peninsula, on the other hand, have
gained a considerable portion of their present height since a
majority of the marine species now inhabiting the Mediterra-
nean, and probably, also, since the terrestrial plants of the same
region, were in being. Large tracts of land have been added,
both on the Adriatic and Mediterranean side, to what origi-
nally constituted a much narrower range of mountains, if not
a chain of islands running nearly north and south, like Cor-
sica and Sardinia. It may, therefore, be presumed, that the
Apennines have been a centre whence species have diffused
themselves over the contiguous lower and newer regions. In
this and all analogous situations, the doctrine of 'Willdenow,
that species have radiated from the mountains as from centres,
may be well founded.

It appears from Mr. Brown’s remarks on the vegetation of
New Holland, that there are two groups of plants occurring
between the thirty-third and thirty-fifth degrees of southern
latitude, and principally at the two opposite extremities of this
tract, that is, near the eastern and western coasts. These points
have been termed the two principal foci of Australian vegeta-
tion, each of them possessing certain genera which are almost
peculiar to it +, If, when this continent has been more tho-

* Essai Elémentaire, &c., p. 46.

+ Brown’s Appendix to Flinders’s Voyage, and Prichard, Phys, Hist, of Man.
kind, vol, i') p. 3.
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roughly investigated, we do not discover some physical barriers,
such as a great marsh, or a desert, or a lofty mountain-chain,
now intervening between these districts, there may, perliaps,
be geological evidence hereafter discovered, that a sea was
interposed up to a modern period separating two large
islands. Sufficient time may not have elapsed since the union
of such isles, to allow of a complete intermixture by mutual
immigrations.

If the reader should infer, from the facts laid before him in
the preceding chapters, that the successive extinction of animals
and plants may be part of the constant and regular course of
nature, he will naturally inquire whether there are any means
provided for the repair of these losses? Is it part of the
economy of our system that the habitable globe should, to a
certain extent, become depopulated both in the ocean and on
the land ; or that the variety of species should diminish until
some new era arrives when a new and extraordinary effort of
creative energy is displayed ? Or is it possible that new species
can be called into being from time to time, and yet that so
astonishing a phenomenon can escape the observation of natu-
ralists ?

Humboldt has characterized these subjects as among the
mysteries which natural science cannot reach; and he ob-
serves, that the investigation of the origin of beings does not
belong to zoological or botanical geography. To geology,
however, these topics do strictly appertain ; and this science is
only interested in inquiries into the state of the animate crea-
tion as it now exists, with a view of pointing out its relations
to antecedent periods when its condition was different.

Before offering any hypothesis towards the solution of so
difficult a problem, let us consider what kind of evidence we
ought to expect, in the present state of science, of the first
appearance of new animals or plants, if we could imagine the
successive creation of species to constitute, like their gradual
extinction, a regular part of the economy of nature.

In the first place it is obviously more easy to prove that a
N2
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species, once numerously represented in a given district, has
ceased to be, than that some other which did not pre-exist has
made its appearance—assuming always, for reasons before
stated, that single stocks only of each animal and plant are
originally created, and that individuals of new species do not
suddenly start up in many different places at once.

So imperfect has the science of Natural History remained
down to our own times, that within the memory of persons
now Ii{'ing, the numbers of known animals and plants have
been doubled, or even quadrupled, in many classes. New and
often conspicuous species are annually discovered in parts of
the old continent, long inhabited by the most civilized nations.
Conscious, therefore, of the limited extent of our information,
we always infer, when such discoveries are made, that the
beings in question had previously eluded our research ; or had
at least existed elsewhere, and only migrated at a recent period
into the territories where we now find them. It is difficult
even in contemplation to anticipate the time when we shall be
entitled to make any other hypothesis in regard to all the
marine tribes, and to by far the greater number of the terres-
trial ;—such as birds, which possess such unlimited powers of
migration ; insects which, besides their numbers, are also so
capable of being diffused to vast distances; and cryptogamous
plants, to which, as to many other classes, both of the animal
and vegetable kingdom, similar observations are applicable.

What kind of proofs, therefore, could we reasonably expect
to find of the origin at a particular period of a new species ?

Perhaps it may be said in reply, that within the last two or
three centuries some forest tree or new quadruped might have
been observed to appear suddenly in those parts of England
or France which had been most thoroughly investigated ;
—that naturalists might have been able to shew that no such
being inhabited any other region of the globe, and that there
was no tradition of anything similar having before been ob-
served in the district where it had made its appearance.

Now although this objection may seem plausible, yet its
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force will be found to depend entirely on the rate of fluctua-
tion which we suppose to prevail in the animate world, and on
the proportion which such conspicuous subjects of the animal
and vegetable kingdoms bear to those which are less known,
and escape our observation. There are probably more than a
million, perhaps two millions of species of plants and animals,
exclusive of the microscopic and infusory animalcules, now in-
habiting the terraqueous globe. The terrestrial plants, it is
supposed, may amount, if fully known, to about one hundred
thousand, and the insects to four times that number. To these
we have still to add for the remainder of the terrestrial classes,
many of the invertebrated and all the vertebrated animals. As
to the aquatic tribes, it remains at present in a great degree
mere matter of conjecture what proportion they bear to the
denizens of the land; but the habitable surface beneath the
waters can hardly be estimated at less than double that of the
continents and islands, even admitting that a very consider-
able area is destitute of life, in consequence of great depth,
cold, darkness, and other circumstances. In the late polar
expedition it was found that in some regions, as in Baffin’s
Bay, there were marine animals inhabiting the bottom at great
depths, where the temperature of the water was below the
freezing point. That there is life at much greater profundities
in warmer regions may be confidently inferred. We have be-
fore stated that marine plants not only exist but acquire vivid
colours at depths where, to our senses, there would be dark-
ness deep as night.

The ocean teems with life—the class of polyps alone are
conjectured by Lamarck to be as strong in individuals as
insects. Every tropical reef is described as bristling with
corals, budding with sponges, and swarming with crustacea,
echini, and testacea; while almost every tide-washed rock is
carpeted with fuci and studded with corallines, actiniee, and
mollusca. There are innumerable forms in the seas of the
warmer zones, which have scarcely begun to attract the atten-
tion of the naturalist; and there are parasitic animals without
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number, three or four of which are sometimes appropriated to
one genus, as to the Balena, for example. Even though
we concede, therefore, that the geographical range of marine
species is more extensive in general than that of the terrestrial,
(the temperature of the sea being more uniform, and the land
impeding less the migrations of the oceanic than the ocean
those of the terrestrial,) yet we think it mast probable that
the aquatic species far exceed in number the inhabitants of
the Jand.

Without insisting on this point, we may safely assume, as
we before stated, that, exclusive of microscopic beings, there
are between one and two millions of species now inhabiting the
terraqueous globe ; so that if only one of these were to become
extinct annually, and one new one were to be every year called
into being, more than a million of years would be required to
bring about a complete revolution in organic life.

We are not hazarding at present any hypothesis as to the
probable rate of change, but none will deny that when we pro-
pose as a mere speculation the annual birth and the annual
death of one species on the globe, we imagine no slight degree
of instability in the animate creation. If we divide the surface
of the earth into twenty regions of equal area, one of these
might comprehend a space of land and water about equal in
dimensions to Europe, and might contain a twentieth part of
the million of species which we will suppose to exist. In this
region one species only would, according to the rate of mor-
tality before assumed, perish in twenty years, or only five out
of fifty thousand in the course of a century. But as a con-
siderable proportion of the whole would belong to the aquatic
classes, with which we have a very imperfect acquaintance, we
may exclude them from our consideration, and thus one only
might be lost in about forty years among the terrestrial tribes,
Now the mammiferous quadrupeds in Great Britain are only
to other terrestrial species of organic beings, both plants and
animals, in the proportion of about one to two hundred and
eighty ; and taking this as a rude approximation to a general
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standard, it would require more than eight thousand years
before it would come to the turn of this conspicuous class to
lose one of their number even in a region of the dimensions
of Europe.

It is easy, therefore, to conceive, that in a small portion of
such an area, in countries, for example, of the size of England
and France, periods of much greater duration must elapse
before it would be possible to authenticate the first appearance
of one of the larger plants and animals, assuming the annual
birth and death of one species to be the rate of vicissitude in
the animate creation throughout the world.

The observations of naturalists may, in the course of future
centuries, accumulate positive data, from which an insight into
the laws which govern this part of our terrestrial system may
be derived ; but, in the present deficiency of historical records,
we have traced up the subject to that point where geological
monuments alone are capable of leading us on to the discovery
of ulterior truths. To these, therefore, we must now appeal,
carefully examining the strata of recent formation wherein the
remains of living species, both animal and vegetable, are known
to occur. We must study these strata in strict reference to
their chronological order as deduced from their superposition,
and other relations. From these sources we may learn which
of the species, now our contemporaries, have survived the
greatest revolutions of the earth’s surface ; which of them have
co-existed with the greatest number of animals and plants now
extinct, and which have made their appearance only when the
animate world had nearly attained its present condition.

From such data we may be enabled to infer whether species
have been called into existence in succession or all at one
period ; whether singly, or whether by groups simultaneously;
whether the antiquity of man be as high as that of any of the
inferior beings which now share the planet with him, or
whether the human species is one of the most recent of the
whole.
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To some of these questions we can even now return a satis-
factory answer; and with regard to the rest, we have some
data to guide conjecture, and to enable us to speculate with
advantage: but it would be premature to anticipate such dis-
cussions until we have laid before the reader an ample body
of materials amassed by the industry of modern geologists.
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