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PREFACE

For more than a thousand years, the great
majority of the most highly civilised and in-
structed nations in the world have confidently
believed and passionately maintained that certain
writings, which they entitle sacred, occupy a
unique position in literature, in that they possess
an authority, different in kind, and immeasur-
ably superior in weight, to that of all other books.
Age after age, they have held it to be an indis-
putable truth that, whoever may be the ostensible
writers of the Jewish, Christian, and Mahometan
scriptures, God Himself is their real author; and,
since their conception of the attribues of the Deity
excludes the possibility of error and—at least in
relation to this particular matter—of wilful de-
ception, they have drawn the logical conclusion
that the denier of the accuracy of any statement,
the questioner of the binding force of any com-
mand, to be found in these documents is not mere-
ly a fool, but a blasphemer. From the point of
view of mere reason he grossly blunders; from

that of religion he grievously sins.
v
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But, if this dogma of Rabbinical invention is
well founded; if, for example, every word in our
Bible has been dictated by the Deity; * or even,
if it be held to be the Divine purpose that every
proposition should be understood by the hearer or
reader in the plain sense of the words employed
(and it seems impossible to reconcile the Divine
attribute of truthfulness with any other intention),
a serious strain upon faith must arise. More-
over, experience has proved that the severity of
this strain tends to increase, and in an cven more
rapid ratio, with the growth in intelligence of
mankind and with the enlargement of the sphere
of assured knowledge among them.

It is becoming, if it has not become, impossible
for men of clear intellect and adequate instruction
to believe, and it has ceased, or is ceasing, to be
possible for such. men honestly to say they believe,
that the universe came into being in the fashion
described in the first chapter of Genesis; or to
accept, as a literal truth, the story of the making
of woman, with the account of the catastrophe
which followed hard upon it, in the second chap-
ter; or to admit that the earth was repeopled
with terrestrial inhabitants by migration from

* “Whoso says that Moses wrote even a single verse [of the
Pentateuch] from his own knowledge, denies and contemns
the Word of God,” dab Sanhedrin, 99a, cited by Schiirer,
Geschichie des Judischen Volkes, Bd. IL. p. 249. The account
of the death of Moses in the last eight verses of Deuteronomy
was, of course, dictated to and written by himself, like all the

rest. Admit prophetic inspiration and what becomes of the
difficulty? Surely, a quite unanswerable argument.
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Armenia or Kurdistan, little more than 4,000
years ago, which is implied in the eighth chapter;
or finally, to shape their conduct in accordance
with the conwviction that the world is haunted by
innumerable demons, who take possession of men
and may be driven out of them by exorcistic ad-
jurations, which pervades the Gospels.

Nevertheless, if there is any justification for
the'dogma of plenary inspiration, the damnatory
prodigality of even the Athanasian Creed'is still
too sparing. “Whosoever will be saved” must
believe, not only all these things, but a great
many others of equal repugnancy' to common
sense and everyday-knowledge.

The doctrine of biblical infallibility, which
involves these remarkable consequences, was
widely held by my countrymen within my recol-
lection: I have reason to think that many persons
of unimpeachable piety, a few: of learning, and
even some of intelligence, yet uphold it. But I’
venture to entertain a doubt whether it! can pro-
duce any. champion whose competency and au-
thority would be recognised beyond the limits of
the sect, or theological coterle, to which' he be-
longs. On the contrary, apologetic effort, at
present, appears to devote itself to the end of
keeping the name of “ Inspiration ” to suggest the
divine source, and consequent infallibility, of more
or less of the biblical literature, while carefully
emptying the term of any definite semse. For
“ plenary inspiration ” we are asked to substitute
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a sort of “inspiration with limited liability,” the
limit being susceptible of indefinite Auctuation in
correspondence with the demands of scientific
criticism. Where this advances that at once
retreats.

This Parthian policy is carried out with some
dexterity; but, like other such manceuvres in the
face of a strong foe, it seems likely to end in
disaster. It is easy to say, and sounds plausible,
that the Bible was not meant to teach anything
but ethics and religion, and that its utterances on
other matters are mere obifer dicta; it is also a
gpecions suggestion that inspiration, filtering
through human brains, must undergo a kind of
fallibility contamination; and that this human
impurity is responsible for any errors, the exist-
ence of which has to be admitted, - however
unwillingly.

But how does the apologist know what the bib-
lical writers intended to teach, and what they did
not intend to teach? And even if their authority
is restricted to matters of faith and morals, who is
prepared to deny that the story of the fabrication
of Eve, that of the lapse from innocence effected
by a talking snake, that of the Deluge and the
demonological legends, have exercised, and still
exercise, a profound influence on Christian theol-
ogy and Christian ethics? The very apologists
who put forth this plea are never weary of de-
claring that the Divine authority for the moral
law is the only gafe foundation of ethics. But if
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geveral of the most important Pentateuchal narra-
tives prove to be utterly unworthy of credit, what
pretence is there for accepting other uncorrobo-
rated stories of a mno less improbable character?
If the writers of the gospels have taken fiction
for truth, the survivals of pagan superstition for
religion, in one department of spiritual knowledge,
what guarantee have we for their infalhbility in
other departments? If the “human element?”
must be admitted to have already encroached so
largely beyond the bounds, erstwhile thought to
be set by Divine authority, what justification is
there for imagining that any limit can be set to
the discovery of further invasions?

The truth is that the pretension to infallibility,
by whomsoever made, has done endless mischief;
with impartial malignity it has proved a curse,
alike to those who have made it and those who
have accepted it; and its most baneful shape is
book infallibility. For sacerdotal corporations
and schools of philosophy are able, under due
compulsion of opinion, to retreat from positions
that have become untenable; while the dead hand
of a book sets and stiffens, amidst texts and for-
mule, until it becomes a mere petrifaction, fit
only for that function of stumbling block, which
it so admirably performs. Wherever bibliolatry
has prevailed, bigotry and cruelty have accom-
panied it. It lies at the root of the deep-seated,
sometimes disguised, but never absent, antagonism
of all the varieties of ecclesiasticism to the free-
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dom of thought and to the spirit of scientific in-
vestigation. For those who look upon ignorance
as one of the chief sources of evil; and hold ve-
racity, not merely in act, but in thought, to be the
one condition of true progress, whether moral or
intellectual, it is clear that the biblical idol must
go the way of all other 1dols. Of infallibility, in
all shapes, lay or clerical, it is needful to iterate
with more than Catonic pertinacity, Delenda est.

The essays contained in the present and the
following volume are, for the most part, intended
to contribute, in however slight a degree, to this
process of deletion. TUnless I greatly err, the ar-
guments adduced go a long way to prove that the
accounts' of the Creation and of the Deluge in
the Hebrew scriptures are mere legends; and fur-
ther, that the evidence for the existence and ac-
tivity of a demonic world, implicitly and explicitly
inculcated throughout the Christian scriptures,
and universally held by the primitive Churches,
iz totally inadequate to justify the expression of
belief in it.

This much on the negative side of the discus-
gion. On the positive side, the essay on the “ Evo-
lution of Theology,” as I imagine, shows cause
for the conclusion that the Israelitic religion, in
the earliest phase of which anything is really
known, is neither more nor ‘less rational, neither
better nor worse ethically, than the religions of
other mnations in a similar state of civilisation;
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that, in the mnatural course of its: evolution; it.
reached, in the prophetic age, an: elevation and
an ethical purity which have never been surpassed;
and that, since the new birth of the prophetic
gpirit, in the first century of our era, the course
of Christian dogmatic development, along its
main lines, has been essentially retrogressive. The
revived prophetic ideal was gradually oversghad-
owed by the results of Jewish and Greek theo-
logical and metaphysical speculation, and buried
beneath old-world superstitions and liturgical
conjurations, gradually infiltrated from the pagan
surroundings of the new'religion; until, in the
medizeval “ages of faith,” it.was well-nigh smoth-
ered beneath the monstrous agglomeration of:spu-
rious doctrines and idolatrous practices.

The ordinary reader, to whom these essays
are addressed, will' doubtless be surprised, if not
ghocked, at the many passages which expressly,
or:by implication, contradict the notions respect-
ing the age and authority of the Hebrew scrip-
tures, and especially of 'the Pentateuch, in which
he has been brought up, and which have, quite
recently, received high ecclesiastical sanction.
“ Helps to the Study of the Bible,” are proffered
to lay ignorance and simplicity, and those who
hunger for trustworthy information will undoubt-
edly find much wholesome food in the banquet
set forth by the Helpers. All the more pity that
some of the bread is so very full of stones. For ex-
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ample, the commentary on the Pentateuch tells
the student that Moses wrote or compiled the book
of Genesis from documentary evidence extant in
his time; that the book of Exodus was written by
him, or under his immediate direction and author-
ity; that the book of Leviticus, if not written by
him, was compiled by authorised scribes under his
supervision; that the book of Numbers was drawn
up under his immediate oversight; that the book
of Deuteronomy, containing the last addresses of
the inspired legislator, specially recorded by offi-
cial writers, assumed its present form under the
hand of Joshua; and that the several books were
enriched with numerous notes, archeseological and
explanatory, from the hands of later editors and
Tevisers.*

Whether this view of the case implies plenary
inspiration, or not, is more than I presume to say;
nor do I wish to inquire whether there is, or is
not, any rational foundation for it. The singular-
ity that impresses me is the absence of the slight-
est hint to the ignorant layman that a large num-
ber of biblical scholars of the highest reputation,
of undeniable competency and sincerity, repudiate
every one of these propositions, and give an ac-
count of the origin of the Pentateuch, and of the
age and authorship of its various constituents
totally irreconciliable with it. There is no living
biblical scholar who can ignore authorities of the

* The Oxford Bible for Teachers, “ Helps fo the Study
of the Bible,” p. 10, New Edition, 1893,
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rank of Reuss and Wellhausen, of Robertson
Smith and Kuenen, without gross presumption; I
might even say without raising a serious doubt of
his scientific integrity. But what is the general
result of the palient study which these men, and
many more such, have devoted, through long
years, to the elucidation of the difficult and com-
plicated problem of the origin of the first five
books of the 0ld Testament.

An excellent work, which has just made its
appearance, supplies an answer. I may be per-
mitted to say that it can hardly be ranked as a
“sghallow infidel ” publication; not the last, inso-
much. as it is dedicated to the theological faculty
of the University of Giessen; not the first, since
its author, Dr. Smend, is a distinguished professor
in the University of Gottingen.

After pointing out the importance of the ques-
tion of the date of the priestly code (that is to
say the so-called Levitical Law, which occupies
so large a place in the books of Exodus, Leviti-
cus, and Numbers), Dr. Smend says, it may now
be considered to be proved, that this code “was
first made known by Esra, about 444 B.0., and
raised to the position of the fundamental law of
Judaism. The kernel of the priestly code may be
a few decades or even a century older; but it
agsuredly did not exist before Deuteronomy. . . .
At the present day, it is almost universally ad-
mitted that there was no divine law book of pub-
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lic authority in Israel before Josiah; especially,
that the cultus and religious customs rested upon
no divine law book; and that the chosen repre-
sentatives of religion, before the exile, knew noth-
ing whatever of such a law book.*

“ Deuteronomy is the result of the reformatory
movement .set afoot by the Prophets. In fact,
the Prophets, though unintentionally, became the
founders of Judaism and .its religion of .legality.
Therein lies their far-reaching historical influence.
But the Prophets.stand in complete antagonism
to old Ysrael. They foretold the fall.of kingdom
and people, and so commenced a /bitter warfare
against the traditional eonceptions of Israclitic
religion. On .the other hand, they were much
more ‘than fonnders of the Jewish community:
‘they rise thigh above later Judaism; in them,
the religion of the Old Testament (substamtially
-approaches Christianity ” (l..c. p. 9).

If I-were torpiblish ““Helps to.the Study.of
Zoology” for popular ‘use, ,in «which the progress
of science in the last fifty-years wes ignorved and
every recent ;authority passed over in silence, I
-am.afraid, and indeed hope, that I should get.into
great trouble. Butito be sure I shauld be.judged
by mere lay stendards of xight.and wrong.

T. H. H.

Hopesrea, FASTBOURNE,
October 9th, 1898.

* Smend, Lehrbuch der Alttestamentlichen Religionsges-
chichte, 1898, p. 8, (Sammlung Theologischer Lehrbiicher.)
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I
ON THE METHOD OF ZADIG
[1880]

oETROSPECTIVE PROPHECY AS A FUNOTION OF
SCIENCE

“Une marque plus sfire quetoutes celles de Zadig.”—Cuvier.*

It is an usual and a commendable practice to
preface the discussion of the views of a philo-
sophic thinker by some account of the man and
of the circumstances which shaped his Iife and
coloured his way of looking at things; but, though
Zadig is cited in one of the most important chap-
ters of Cuvier’s greatest work, little is known about
him, and that little might perhaps be better au-
thenticaled than it is.

It is said that he lived at Babylon in the time
of King Moabdar; but the name of Moabdar does
not appear in the list of Babylonian sovereigns

* ¢« Discours sur les révolutions de la surface du globe.”
Recherches sur les Ossemens Fossiles, Ed. iv. t. i. p. 185,

90 1
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brought to light by the patience and the industry
of the decipherers of cuneiform inscriptions in
these later years; nor indeed am I aware that
there is any other authority for his existence than
that of the biographer of Zadig, one Arouet de
Voltaire, among whose more conspicuous merits
strict historical accuracy is perhaps hardly to be
reckoned.

Happily Zadig is in the position of a great
many other philosophers. What he was like when
he was in the flesh, indeed whether he existed at
all, are matters of no great consequence. What
we care about in a light is that it shows the way,
not whether it 1s lamp or candle, tallow or wax.
Our only real interest in Zadig lies in the concep-
tions of which he is the putative father; and his
biographer has stated these with so much clearness
and vivacious illustration, that we need hardly feel
a pang, even if critical research should prove King
Moabdar and all the rest of the story to be unhis-
torical, and reduce Zadig himself to the shadowy
condition of a solar myth.

Voltaire tells us that, disenchanted with life by
sundry domestic misadventures, Zadig withdrew
from the turmoil of Babylon to a secluded retreat
on the banks of the Euphrates, where he beguiled
his solitude by the study of nature. The mani-
fold wonders of the world of life had a particular
attraction for the lonely student; incessant and
patient observation of the plants and animals

-



I ON THE METHOD OF ZADIG 3

about him sharpened his naturally good powers
of observation and of reasoning; until, at length,
he acquired a sagacity which enabled him to per-
ceive endless minute differences among objects
which, to the yntutored eye, appeared absolutely
alike.

It might have been expected that this enlarge-
ment of the powers of the mind and of its store of
natural knowledge could tend to nothing but the
increase of a man’s own welfare and the good of
his fellow-men. But Zadig was fated to experi-
ence the vanity of such expectations.

“One day, walking near a little wood, he saw, hastening
that way, one of the Queen’s chief eunuchs, followed by a
troop of officials, who appeared to be in the greatest anxiety,
running hither and thither like men distraught, in search of
some lost treasure.

“¢Young man, cried the eunuch, ‘have you seen the
Queen’s dog %’ Zadig answered modestly, ¢ A bitch, I think,
not a dog.” “Quite right,’ replied the eunuch; and Zadig
continued, ¢ A very small spaniel who has lately had puppies;
she limps with the left foreleg, and has very long ears’” ¢Ah!
you have seen her then,” said the breathless eunuch. *No,’
answered Zadig, ‘I have not seen her; and I really was not
aware that the Queen possessed a spaniel.’

“By an odd coincidence, at the very same time, the hand-
somest horse in the King’s stables broke away from his groom
in the Babylonian plain. The grand huntsman and all his
staff were seeking the horse with as much anxiety as the eu-~
nuch and his people the spaniel; and the grand huntsman
agsked Zadig 1f he had not seen the King’s horse go that way.

“¢ A first-rate galloper, small-hoofed, five feet high; tail
three feet and a half long ; cheek pieces of the bit of twenty-
three carat gold ; shoes silver?’ said Zadig.
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“s«Which way did he go? Where is he?’ cried the grand
huntsman.

«¢] have not seen anything of the horse, and I never
heard of him before,’ replied Zadig.

“The grand huntsman and the chief eunuch made sure
that Zadig had stolen both the King’s horse and the Queen’s
spaniel, so they haled him before the High Court of Dester-
ham, which at onee condemned him to the knout, and trans-
portation for life to Siberia. But the senience was hardly
pronounced when the lost horse and spaniel were found. So
the judges were under the painful necessity of reconsidering
their decision: but they fined Zadig four hundred ounces of
gold for saying he had seen that which he had not seen.

“The first thing was to pay the fine; afterwards Zadig
was permitted to open his defence to the court, which he did
in the following terms:

¢ Stars of justice, abysses of knowledge, mirrors of truth,
whose gravity is as that of lead, whose inflexibility is as that
of iron, who rival the diamond in clearness, and possess no
little affinity with gold ; since I am permitted to address your
august assembly, I swear by Ormuzd that I have never seen
the respectable lady dog of the Queen, nor beheld the sacro-
sanct horse of the King of Kings.

“*This is what happened. I was taking a walk towards
the little wood near which I subsequently had the honour to
meet the venerable chief eunuch and the most illustrious grand
bhuntsman. Inoticed the track of an animal in the sand, and
it was easy to see that it was that of a small dog. Long faint
streaks upon the.little elevations of sand between ihe foot-
marks convinced me that it was a she dog with pendent dugs,
showing that she must have had puppies not many days since.
Other scrapings of the sand, which always lay close to the
marks of the forepaws, indicated that she had very long ears;
and, as the imprint of one foot was always fainter than those
of the other three, I judged that the lady dog of our angust
Queen was, if I may venture to say so, & little lame,

“¢With respect to the horse of the King of Kings, permit
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me to observe that, wandering through the paths which trav-
erse the wood, I noticed the marks of horse-shoes. They were
all equidistant, “Ah!” said I, “this is a famous galloper.”
In & narrow alley, only seven feet wide, the dust upon the
trunks of the trees was a little disturbed at three feet and a
half from the middle of the path. “This horse,” said I to
myself, “had & tail three feet and a half long, and, lashing
it from one side to the other, he has swept away the dust.”
Branches of the trees met overhead at the height of five feet,
and under them I saw newly fallen leaves; so I knew that
the horse had brushed some of the branches, and was there-
fore five feet high. As to his bat, it must have been made of
twenty-three carat gold, for hehad rubbed it against a stone,
which turned out to be a touchsione, with the properties of
which I am familiar by experiment. Lastly, by the marks
which his shoes left upon pebbles of another kind, I was led
to think that his shoes were of fine silver.’

« All the judges admired Zadig’s profound and subtle dis-
cernment ; and the fame of it reached even the King and the
Queen. From theante-roomstothe presence-chamber, Zadig’s
name was in everybody’s mouth ; and, although many of the
magiwere of opinion that he ought to be burnt as a sorcerer,
the King commanded that the four hundred ounces of gold
which he had been fined should be restored to um. So the
officers of the court went in state with the four hundred
ounces; only they retained three hundred and ninety-eight
for legal expenses, and their servants expected fees.”

Those who are interested in learning more of
the fateful history of Zadig must turn to the orig-
inal; we are dealing with him only as a philoso-
pher, and this brief excerpt suffices for the exem-
plification of the mnature of his conclusions and
of the methods by which he arrived at them.

These conclusions may be said to be of the
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pature of retrospective prophecies; though it is
perhaps a little hazardous to employ phrascology
which perilously suggests a contradiction in terms
—the word “ prophecy ” being so constantly, in
ordinary use, restricted to “foretelling.” Stirict-
ly, however, the term prophecy applics as much
to outspeaking as to foretelling; and, even in the
restricted sense of “ divination,” it is obvious that
the essence of the prophetic operation does not
lie in its backward or forward relation to the
course of time, but in the fact that it is the ap-
prehension of that which lies out of the sphere of
immediate knowledge; the seeing of ihat which,
to the natural sense of the seer, is invisible.

The forcteller asserts that, at some future time,
a properly situated observer will witness ccrtain
events; the clairvoyant declares that, at this pres-
ent time, certain things are to be witnessed a thou-
sand miles away; the retrospective prophet (would
that there were such a word as “backteller! )
affirms that, so many hours or years ago, such and
such things were to be seen. In all these cases,
it is only the relation to time which alters—the
process of divination beyond the limits of possible
direct knowledge remains the same.

No doubt it was their instinctive recognition
of the analogy between Zadig’s results and those
obtained by authorised inspiration which inspired
the Babylonian magi with the desire to burn the
philosopher. Zadig admitted that he had never
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either seen or heard of the horse of the king or of
the spaniel of the queen; and yet he ventured to
assert in the most positive manner that animals
answering to their description did actually exist
and ran about the plains of Babylon. If his
method was good for the divination of the course
of events ten hours old, why should it not be good
for those of ten years or ten centuries past; nay,
might it not extend ten thousand years and justify
the impious in meddling with the traditions of
Oannes and the fish, and all the sacred foundations
of Babylonian cosmogony?

But this was not the worst. There was an-
other consideration which obviously dictated to the
more thoughtful of the magi the propriety of
burning Zadig out of hand. His defence was
worse than his offence. It showed that his mode
of divination was fraught with danger to magian-
ism in general. Swollen with the pride of human
reason, he had ignored the cstablished canons of
magian lore; and, trusting to what after all was
mere carnal common sense, he professed to lead
men to a deeper insight into nature than magian
wisdom, with all its lofty antagonism to every-
thing common, had ever reached. What, in fact,
lay at the foundation of all Zadig’s arguments but
the coarse commonplace assumption, upon which
every act of our daily lives is based, that we may
conclude from an effect to the pre-existence of a
cause competent to produce that effect?
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The tracks were exactly like those which dogs
and horses leave; therefore they were the clfccls
of such animals as causes. The marks at ihe sides
of the fore-prints of the dog track were exactly
such‘as would be produced by long trailing ears;
therefore the dog’s long ears were the causcs of
these marks—and so on. Nothing can be more
hopelessly vulgar, more unhke the majestic devel-
opment of a system of grandly unintelligible con-
clusions from sublimely inconceivable premisscs
such as delights the magian heart. In fact, Za-
dig’s method was nothing but the method of all
mankind. Retrospective prophecies, far more as-
tonishing for their minute accuracy than those of
Zadig, are familiar to those who have watched the
daily life of nomadic people.

From freshly broken twigs, crushed leaves, dis-
turbed pebbles, and imprints hardly discernible by
the untrained eye, such graduates in the Univer-
sity of Nature will divine, not only the fact that
a party has passed that way, but its strength, its
composition, the course it took, and the number of
hours or days which have elapsed since it passed.
But they are able to do this because, like Zadig,
they perceive endless minute differences where
untrained eyes discern nothing; and hecause
the unconscious logic of common sense com-
pels them to account for these effects by the
causes which they know to be competent to pro-
duce them.
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And such mere methodised savagery was to dis-
cover the hidden things of nature betler than a
priory deductions from the nature of Ormuzd—
perhaps {o give a history of the past, in which
Oanncs would be altogether ignored! Decidedly
it werc better to burn this man at once.

If instinct, or an unwonted use of reason, led
Moabdar’s magi to this conclusion two or three
thousand years ago, all that can be said is that
subscquent history has fully justified them. For
the rigorous applicalion of Zadig’s logic to the
results of accurale and long-continued observation
has founded all those scicnces which have been
termed historical or paletiological, because they
are rctrospectively prophetic and strive towards
the reconstruction in human imagination of events
which have vanished and ceased to be.

History, in the ordinary acceplation of the
word, is based upon the interpretation of docu-
mentary evidence; and documents would have no
cvidential value unless historians were justified
in their assumption that they have come into
existence by the operation of causes similar to
those of which documenis are, in our present ex-
pericnce, the cffects. If a written hislory can be
produced otherwise than by human agency, or if
the man who wrote a given document was actu-
ated by other than ordinary human motives, such
documents are of no more evidential value than
80 many arabcsques.
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Archmology, which takes up the thread of his-
tory beyond the point at which documentary evi-
dence fails us, could have no existence, except for
our well grounded confidence that monuments
and works of art or artifice, have never been pro-
duced by causes different in kind [rom those to
which they now owe their origin. And geology,
which traces back the course of history beyond
the limits of archaology, could tell us nothing
except for the assumption that, millions of yecars
ago, water, heat, gravitation, friction, animal and
vegetable life, caused effects of the same kind as
they now cause. Nay, even physical asironomy,
in so far as it takes us back to the utlermost
point of time which paletiological science can
reach, is founded upon the same assumption. If
the law of gravitation ever failed to be true, even
to a small extent, for that period, the calculations
of the astronomer have no application.

The power of prediction, of prospective pro-
phecy, is that which is commonly regarded as the
great prerogative of physical science. And truly
it is a wonderful fact that one can go into a
shop and buy for a small price a book, the
“Nautical Almanac,” which will foretell the ox-
act position to be occupied by onme of Jupiter’s
moons six months hence; nay, more, that, if it
were worth while, the Astronomer-Royal could
furnish us with as infallible a prediction applicable
to 1980 or 2980.
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But astronomy is not less remarkable for its
power of retrospective prophecy.

Thales, oldest of Greek philosophers, the dates
of whose birth and death are uncertain, but who
flourished about 600 B. ¢., is said to have foretold
an eclipse of the sun which took place in his time
during a battle between the Medes and the
Lydians. Sir George Airy has written a very
learned and interesting memoir * in which he
proves that such an eclipse was visible in Lydia
on the afternoon of the 28th of May in the year
585 B. C.

No one doubts that, on the day and at the
hour mentioned by the Astronomer-Royal, the
people of Lydia saw the face of the sun totally
obscured. But, though we implicitly believe this
retrospective prophecy, it is incapable of verifi-
cation. In the total absence of historical records,
it is impossible even to conceive any means of
ascertaining directly whether the eclipse of Thales
happened or mnot. All that can be said is, that
the prospective prophecies of the astronomer are
always verified; and that, inasmuch as his retro-
spective prophecies are the result of following
backwards, the very same method as that which
invariably leads to verified results, when it is
worked forwards, there is as much reason for plac-
ing full confidence in the one as in the other. Ret-

' *4Qp the Eclipses of Agathocles, Thales, and Xerxes,”
Philosophical Tramsactrons, vol. exliii.
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rospective prophecy is therefore a legilimate func-
tion of astronomical science; and if it is legitimate
for one science it is legitimate for all; the funda-
mental axiom on which it rests, the constancy of
the order of nature, being the common foundation
of all scientific thought. Indecd, if there can be
grades in legitimacy, certain branches of science
have the advantage over astronomy, in so [ar as
their retrospective propheccies are not only sus-
ceptible of verification, but are somectimes strik-
ingly verified.

Such a science exists in that application of the
principles of biology to the interpretation of the
animal and vegetable remains imbedded in the
rocks which compose the surface of the globe,
which is called Palazontology.

At no very distant time, the question whether
these so-called “fossils,” were really the remains
of animals and plants was hotly disputed. Very
learned persons maintained that they were noth-
ing of the kind, but a sort of concretion, or erys-
tallisation, which had taken place within the stone
in which they are found; and which simulated
the forms of animal and vegetable life, just as
frost on a window-pane imitates vegetation. At
the present day, it would probably be impossible
to find any sane advocate of this opinion; and
the fact is rather surprising, that among the
people from whom the circle-squarers, perpetual-
motioners, flat-earthed men and the like, are re«
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cruited, to say nothing of table-turners and spirit-
rappers, somebody has not perceived the casy
avenue to nonsensical notoriety open to any one
who will take up the good old doctrine, that fos-
gils are all lusus nalure.

The position would be impregnable, inasmuch
ag it is qute impossible to prove the contrary.
If & man choose to maintain that a fossil oyster
shell, in spite of ils correspondence, down to
every minutest particular, with that of an oyster
fresh taken out of the sea, was never tenanted
by a living oyster, but is a mineral concretion,
there is no demonstrating his error. All that can
be done is to show him that, by a parity of rea-
soning, he is bound to admit that a heap of oyster
shells outside a fishmonger’s door may also be
“gports of nature,” and that a multon bone in a
dust-bin may have had the like origin. And when
you cannot prove that people are wrong, but only
that they arc absurd, the best course is to let them
alone.

The whole fabric of palzontology, in fact, falls
to the ground unless we admit the validity of
Zadig’s great principle, that like effects imply like
causes, and that the process of reasoning from a
ghell, or a tooth, or a bone, to the nature of the
animal to which it belonged, rests absolutely on
the assumption that the likeness of this shell, or
tooth, or bone, to that of some animal with which
we are already acquainted, is such that we are jus-
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tified in inferring a corresponding degree of like-
ness in the rest of the two organisms. It is on this
very simple principle, and not upon imaginary laws
of physiological correlation, about which, 1n most
cases, we know nothing whatever, that the so-
called restorations of the paleontologist are based.

Abundant illustrations of this truth will occur
to every one who is familiar with pal®ontology;
pone is more suitable than the case of the so-
called Belemnites. In the early days of the study
of fossils, this name was given to certain clon-
gated stony bodies, ending at one extremity in a
conical point, and truncated at the other, which
were commonly reputed to be thunderbolts, and
as such to have descended from the sky. They
are common enough in some parts of England;
and, in the condition in which they are ordinarily
found, it might be difficult to give satisfactory
reasons for denying them to be mercly mineral
bodies.

They appear, in fact, to consist of nothing but
concentric layers of carbonate of lime, disposed in
suberystalline fibres, or prisms, perpendicular to
the layers. Among a great number of specimens
of these Belemnites, however, it was soon observed
that some showed a conical cavily at the blunt
end; and, in still better prescrved specimens, this
cavity appeared to be divided into chambers by
delicate saucer-shaped partitions, situated at
regular intervals one above the other. Now there
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is no mineral body which presents any structure
comparable to this, and the conclusion suggested
itself that the Belemnites must be the effects of
causes other than those which are at work in
inorganic mnature. On close examination, the
saucer-shaped partitions were proved to be all
perforated at one point, and the perforations being
gituated exactly in the same line, the chambers
were seen to be traversed by a canal, or siphuncle,
which thus connected the smallest or aphical
chamber with the largest. There is nothing like
this in the vegetable world; but an exactly cor-
responding structure is met with in the shells of
two kinds of existing animals, the pearly Nautilus
and the Spirula, and only in them. These
animals belong to the same division—the
Cephalopoda—as the cuttle-fish, the squid, and
the octopus. But they are the only existing mem-
bers of the group which possess chambered, si-
phunculated shells; and it is utterly impossible to
irace any physiological connection between the
very peculiar structural characters of a cephalopod
and the presence of a chambered shell. In fact,
the squid has, instead of any such shell, a horny
“pen,” the cuttle-fish has the so-called “ cuttle-
bone,” and the oclopus has no shell, or, at most,
a mere rudiment of one.

Nevertheless, secing that there is nothing in
nature at all like the chambered shell of the
Belemnite, except the shells of the Nautilus and
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of the Spirula, it was legitimate to prophesy that
the animal from which the fossil procceded must
have belonged to the group of the Cephalopoda.
Nautilus and Spirula are both very rarc animals,
but the progress of investigation brought to light
the singular fact, that, though each has the char-
acteristic cephalopodous organisation, it is very
different from the other. The shell of Nautilus is
external, that of Spirula internal; Nautilus has
four gills, Spirule two; Noutilus has multi-
tudinous tentacles, Spirule has only ten arms beset
with horny-rimmed suckers; Spirule, like the
squids and cuttle-fishes, which it closely rescmbles,
has a bag of ink which it squirts out to cover its
retreat when alarmed; Nautilus has none.

No amount of physiological reasoning could
enable any one to say whether the animal which
fabricated the Belemnite was more like Nauiilus,
or more like Spirula. But the accidental dis-
covery of Belemnites in due connection with black
elongated masses which were certainly lossilised
.ink-bags, inasmuch as the ink could be ground up
and used [or painting as well as if it were recent
sepia, settled the question; and it became perfectly
safe to prophesy that the creature which fabricated
the Belemnite was a two-gilled cephalopod with
suckers on its arms, and with all the other cssen-
tial features of our living squids, cuttle-fishes, and
Spirule. The palmontologist was, by this time,
able to speak as confidently about the animal of the
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Belemnite, as Zadig was respecting the queen’s
spanicl. He could give a very fair description
of its external appearance, and even enter pretty
fully into the details of its internal organisation,
and yet could declare that neither he, nor any one
else, had ever scen ome. And as the queen’s
spaniel was found, so happily has the animal of
the Belemnite; a few exceptionally preserved
specimens having been discovered, which com-
pletely verify the retrospective prophecy of
those who interpreted the facts of the case by due
application of the method of Zadig.

These DBelemnites flourished in prodigious
abundance in the seas of the mesozoic, or second-
ary, age of the world’s geological history; but no
trace of them has been found in any of the tertiary
deposits, and they appear to have died out to-
wards the close of the mesozoic epoch. The
method of Zadig, therefore, applies in full force to
the cvents of a period which is immeasurably
remote, which long preceded the origin of the
most conspicuous mountain masses of the present
world, and the deposition, at the bottom of the
occan, of the rocks which form the greater part of
the soil of our present continents. The Euphrates
itself, at the mouth of which Oannes landed, is a
thing of yesterday compared with a Belemnite;
and even the liberal chronology of magian cos-
mogony fixes the beginning of the world only at a
time when other applications of Zadig’s method

91
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afford convincing evidence that, could we have
been there to see, things would have looked very
much as they do now. Truly the magi were wise
in their generation; they foresaw rightly that
this pestilent application of the principles of
common sense, inaugurated by Zadig, would
be their ruin.

But it may be said that the method of Zadig,
which is simple reasoning from analogy, docs not
account for the most striking feats of modern
palzontology—the reconstruction of entire ani-
mals from a tooth or perhaps a fragment of a bone;
and it may be justly urged that Cuvier, the great
master of this kind of investigation, gave a very
different account of the process which yielded such
remarkable results.

Cuvier is not the first man of ability who has
failed to make his own mental processes clear to
himself, and he will not be the last. The matter
can be easily tested. Search the eight volumes of
the “ Recherches sur les Ossemens Fossiles ” from
cover to cover, and nothing but the application of
the method of Zadig will be found in the argu-
ments by which a fragment of a skeleton is made
to reveal the characters of the animal to which it
belonged.

There is one well-known case which may repre-
sent all. It is an excellent illustration of Cuvier’s
sagacity, and he evidently takes some pride in
telling his story about it. A split slab of stone
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arrived from the quarries of Montmartre, the two
halves of which contained the greater part of the
skeleton of a small amimal. On careful examina-
tions of the characters of the teeth and of the
lower jaw, which happened to be exposed, Cuvier
assured himself that they presented such a very
close resemblance to the corresponding parts in the
living opossums that he at once assigned the fossil
to that genus.

Now the opossums are unlike most mammals in
that they possess two bones attached to the fore
part of the pelvis, which are commonly called
“ marsupial bones.” The name is a misnomer,
originally conferred because it was thought that
these bones have something to do with the support
of the pouch, or marsupium, with which some, but
not all, of the opossums are provided. As a
matter of fact, they have nothing to do with the
support of the pouch, and they exist as much in
those opossums which have no pouches as in those
which possess them. In truth, no one knows what
the use of these bones may be, nor has any valid
theory of their physiological import yet been
suggested. And if we have no knowledge of the
phystological importance of the bones themselves,
it is obviously absurd to pretend that we are able
to give physiological reasons why the presence of
these bones is associated with certain peculiarities
of the teeth and of the jaws. If any one knows
why four molar teeth and an inflected angle of the
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jaw are very gencrally found along with marsupial
bones, he has not yet communicated that knowl-
edge to the world.

If, however, Zadig was right in concluding
from the likeness of the hoof-prints which he ob-
served to be a horse’s that the creature which made
them had a tail like that of & horse, Cuvier, sceing
that the teeth and jaw of his fossil were just like
those of an opossum, had the same right to con-
clude that the pelvis would also be like an opos-
sum’s; and so strong was his conviction that ihis
retrospective prophecy, about an animal which he
had never seen before, and which had been dead
and buried for millions of years, would be verified,
that he went to work upon the slab which con-
tained the pelvis in confident expectation of find-
ing and laying bare the “ marsupial bones,” to the
satisfaction of some persons whom he had invited
to witness their disinterment. As he says:—“Cotte
opération se fit en présence de quelques personnes
4 qui j’en avais annoncé d’avance le résultat, dans
Pintention de leur prouver par le fait la justice
de nos théories zoologiques; puisque le vrai
cachet d’une théorie est sans contredit la faculté
qu’elle donne de prévoir les phénoménes.”

In the “ Ossemens Fossiles ” Cuvier leaves his
paper just as it first appeared in the “ Annales
du Muséum,” as “a curious monument of the
force of zoological laws and of the use which may
be made of them.”
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Zoological laws truly, but not phystological
laws. If one sees a live dog’s head, it is extremely
probable that a dog’s tail is not far off, though no-
body can say why that sort of head and that sort of
tail go iogether; what physiological connection
there is between the two. So, in the case of the
Montmartre fossl, Cuvier, finding a thorough
opossum’s head, concluded that the pelvis also
would be like an opossum’s. But, most assuredly,
the most advanced physiologist of the present day
could throw no light on the question why these
are associated, nor could pretend to affirm that the
existence of the one is necessarily connected with
that of the other. In fact, had it so happened
ihat the pelvis of the fossil had been originally
cxposed, while the head lay hidden, the presence
of the “marsupial bones,” though very like
an opossum’s, would by no means have war-
ranted the prediction that ihe skull would turn
out to be that of the opossum. It might
just as well have been like that of some other
marsupial; or even like that of the totally dif-
ferent group of Monotremes, of which the only
living represcntatives are the Echidna and the
Ornithorhynchus.

TFor all praclical purposes, however, the em-
pirical laws of co-ordination of structures, which are
embodied in the gencralisations of morphology,
may be confidently trusted, if employed with due
caution, to lead to a just interpretation of fossil
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remains; or, in other words, we may look for the
verification of the retrospective prophecies which
are based upon them.

And 1f this be the case, the late advances which
have been made in paleontological discovery open
out a new field for such prophecies. For it has
been ascertained with respect to many groups of
animals, that, as we trace them back in time,
their ancestors gradually cease to exhibit those
special modifications which at present characterise
the type, and more nearly embody the general plan
of the group to which they belong.

Thus, in the well-known case of the horse, the
toes which are suppressed in the living horse are
found to be more and more complete in the older
members of the group, until, at the bottom of the
Tertiary series of America, we find an cquine
animal which has four toes in [ront and three
behind. No remains of the horse tribe are at
present known from any Mesozoic deposit. Yet
who can doubt that, whenever a sufficiently exten-
sive series of lacustrine and fluviatile beds of that
age becomes known, the lincage which has heen
traced thus far will be continued by equine quad-
rupeds with an increasing number of digits, until
the horse type merges in the five-toed form to-
wards which these gradations point?

But the argument which holds good for the
horse, holds good, not only for all mammals, but
for the whole animal world. And as the study of
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the pedigrees, or lines of evolution, to which, at
present, we have access, brings to light, as it
assuredly will do, the laws of that process, we
shall be able to reason from the facts with which
the geological record furmishes us to those which
have therto remained, and many of which, per-
haps, may for ever remain, hidden. The same
method of reasoning which enables us, when
furnished with a fragment of an extinct animal, to
prophesy the character which the whole organism
exhibited, will, sooner or later, enable us, when
we know a few of the later terms of a genea-
logical series, to predict the nature of the earlier
terms.

In no very distant future, the method of Zadig,
applied to a greater body of facts than the present
generation is fortunate enough to handle, will
enable the biologist to reconstruct the scheme of
life from its beginning, and to speak as confidently
of the character of long extinct living beings, no
trace of which has been preserved, as Zadig did of
the queen’s spanicl and the king’s horse. Let us
hope that they may be better rewarded for their
toil and their sagacity than was the Babylonian
philosopher; [or perhaps, by that time, the magi
also may be reckoned among the members of a
forgotten Fauna, extinguished in the struggle for
existence against their great rival, common sense.



II

THE RISE AND PROGRESS OF
PALEONTOLOGY

[1881]

TrAT application of the sciences of biology
and geology, which is commonly known as palaon-
tology, took its origin in the mind of the first
person who, finding something like a shell, or a
bone, naturally imbedded in gravel or rock, in~
dulged in speculations upon the nature of this
thing which he had dug out—this “ fossil *—and
upon the causes which had brought it into such a
position. In this rudimentary form, a high anti-
quity may safely be ascribed to paleontology, in-
asmuch as we know that, 500 years before the
Christian era, the philosophic doctrines of Xeno-
phanes were influenced by his observations upon
the fossil remains exposed in the quarries of
Syracuse. From this time forth not only the
philosophers, but the poets, the historians, the
geographers of antiquity occasionally refer to
fossils; and, after the revival of learning, lively
controversies arose respecting their real nature.

24
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But hardly more than two centuries have elapsed
since this fundamental problem was first exhaus-
tively treated; it was only in the last century
that the archaological value of fossils—their im-
portance, I mean, as records of the history of the
earth—was fully recognised; the first adequate
investigation of the fossil remains of any large
group of vertebrated animals is to be found in
Cuvier’s “ Recherches sur les Ossemens Fossiles,”
completed in 1822; and, so modern is strati-
graphical paleontology, that its founder, William
Smith, lived to receive the just recognition of his
services by the award of the first Wollaston Medal
in 1831.

But, although paleontology is a comparatively
youthful scientific speciality, the mass of materials
with which it has to deal is already prodigious.
In the last filty ycars the number of known fossil
remains of invertebrated animals has been trebled
or quadrupled. The work of interpretation of
vertebrate fossils, the foundations of which were
so solidly laid by Cuvier, was carried on, with
wonderful vigour and success, by Agassiz in Swit-
zerland, by Von Meyer in Germany, and last, but
not least, by Owen in this country, while, in later
years, a multitude of workers have laboured in
the same ficld. In many groups of the animal
kingdom the number of fossil forms already
known is as great as that of the existing species.
In some cases it is much greater; and there are
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entire orders of animals of the existence of which
we should know nothing except for the evidence
afforded by fossil remains. With all this it may
be safely assumed that, at the present moment,
we are not acquainted with a tithe of the fossils
which will sooner or later be discovered. If we
may judge by the profusion yielded within the
last few years by the Tertiary formations of North
America, there seems to be no limit to the mulli-
tude of mammalian remains to be expected from
that continent; and analogy lcads us to expect
similar riches in INastern Asia, whenever the
Tertiary formations of that region are as carcfully
explored. Again, we have, as yet, almost cvery-
thing to learn respecting the terrestrial population
of the Mesozoic epoch; and it scoms as il the
Western territories of the United States were
about to prove as instructive in regard to this
point as they have in respect of tertiary life. My
friend Professor Marsh informs me ihal, within
two years, remains of more than 160 dislinet in-
dividuals of mammals, belonging to iwenly species
and nine genera, have been found in a space not
larger than the floor of a good-sized room; while
beds of the same age have yiclded 300 reptiles,
varying in size from a length of 60 feet or 80 fect
to the dimensions of a rabbit.

The task which I have set myself to-night is o
endeavour to lay before you, as briefly as possible,
a sketch of the successive steps by which our
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present knowledge of the facts of palentology
and of those conclusions from them which are in-
disputable, has been attained; and I beg leave to
remind you, at the outset, that in attempting to
sketch the progress of a branch of knowledge to
which innumerable labours have contributed, my
business is rather with generalisations than with
details. It is my object to mark the epochs of
palzontology, not to recount all the events of its
history.

That which I just now called the fundamental
problem of paleontology, the question which has
to be settled before any other can be profitably
discussed, is this, What is the nature of fossils?
Are they, as the healthy common sense of the
ancient Greeks appears to have led them to
assume without hesitation, the remains of animals
and plants? Or are they, as was so generally
maintained in the filteenth, sixteenth, and seven-
teenth centurics, mere figured stomes, portions of
mineral matter which have assumed the forms of
leaves and shells and bones, just as those portions
of mineral matter which we call erystals take on
the form of regular geometrical solids? Or, again,
are they, as others thought, the products of the
germs of animals and of the seeds of plants which
have lost their way, as it were, in the bowels
of the earth, and have achieved only an imperfect
and abortive development? It is easy to sneer at
our ancestors for being disposed to reject the first
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in favour of ome or other of the last two hypo-
theses; but it is much more profitable to iry to
discover why they, who were really not one whit
less sensible persons than our excellent sclves,
should have been led to entertain views which
strike us as absurd. The belicf in what is erro-
neously called spontaneous generation, that is to
say, in the development of living matter oul of
mineral matter, apart from the agency of pre-
existing living matter, as an ordinary occurrence
at the present day—which is still held by some of
us, was universally accepted as an obvious truth
by them. They could point to the arborescent
forms assumed by hoar-frost and by sundry
metallic minerals as evidence of the existence in
nature of a “plastic force” competent to cnable
inorganic matter to assume the form of organised
bodies. Then, as every one who is familiar with
fossils kmows, they present innumerable grada-
tions, from shells and bones which ecxactly re-
semble the recent obJects to masses of mere stone
which, however accurately they rcpeat ihe out-
ward form of the organic body, have nothing clse
in common with it; and, thence, to mere traces
and faint impressions in the continuous substance
of the rock. What we now know to be the re-
sults of the chemical changes which take place in
the course of fossilisation, by which mineral is
substituted for organic substance, might, in the
absence of such knowledge, be fairly interpreted
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as the expression of a process of development in
the opposite direction—from the mineral to the
organic. Moreover, in an age when it would have
seemed the most absurd of paradoxes to suggest
that the general level of the sea is constant, while
that of the solid land fluctuates up and down
through thousands of feet in a secular ground
swell, it may well have appeared far less hazardous
to conceive that fossils are sports of nature than
to accept the necessary alternative, that all the
inland regions and highlands, in the rocks of
which marine shells had been found, had once
been covered by the ocean. It is mot so surpris-
ing, thercfore, as it may at first seem, that
although such men as Leonardo da Vinci and
Bernard Palissy took just views of the nature of
fossils, the opinion of the majority of their con-
temporaries set strongly the other way; mor even
that error maintained itself long after the scientific
grounds of the true interpretation of fossils had
been stated, in a manner that left nothing to be
desired, in the latter half of the seventeenth
century. The person who rendered this good
service to paleontology was Nicolas Steno, pro-
fessor of anatomy in Florence, though a Dane by
birth. Collectors of fossils at that day were
familiar with certain bodies termed “ glossopetrsz,”
and speculation was rife as to their nature. In
the first half of the seventeenth century, Fabio
Colonna had tried to convince his colleagues of
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the famous Accademia dei Lincei that the glosso-
petrse were merely fossil sharks’ teeth, but his
arguments made no impression. Fifty ycars later,
Steno re-opened the question, and, by dissceting
the head of a shark and pointing out the very
exact correspondence of its teeth with the glosso-
petrz, left no rational doubt as to the origin of
the latter. Thus far, the work of Steno went
little further than that of Colonna, but it for-
tunately occurred to him to think out the whole
subject of the interpretation of fossils, and the
result of his meditations was the publication, in
1669, of a little treatise with the very quaint
title of “De Solido intra Solidum naturaliter
contento.” The general course of Steno’s argu-
ment may be stated in a few words. Fossils are
solid bodies which, by some natural process, have
come to be contained within other solid bodics,
namely, the rocks in which they are embedded;
and the fundamental problem of paliconiology,
stated generally, is this: “ Given a body endowed
with a certain shape and produced in accordance
with natural laws, to find in that body itsell the
evidence of the place and manner of its produc-
tion.” * The only way of solving this problem
is by the application of the axiom that “like
effects imply like causes,” or as Steno puts it, in

* De Solido intra Solidum, p. 5—*Dato corpore certé
figur pradito et juxta leges naturs producto, 1n ipso corpore

argumenta invenire locum et modum productionis dote-
gentia.”
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reference to this particular case, that “bodies
which are altogether simlar have been produced
in the same way.” * Hence, since the glossopetre
are allogether similar to sharks’ teeth, they must
have been produced by sharklike fishes; and
since many fossil shells correspond, down to the
minutest details of structure, with the shells of
existing marine or freshwater animals, they must
have been produced by similar animals; and the
like rcasoning is applied by Steno to the fossil
bones of vertebrated animals, whether aquatic or
terrestrial. To the obvious objection that many
fossils are not altogether similar to their living
analogues, differing in substance while agreeing in
form, or being mere hollows or impressions, the
surfaces of which are figured in the same way as
those of animal or vegetable organisms, Steno
replies by pointing out the changes which take
place in organic remains embedded in the earth,
and how their solid substance may be dissolved
away entirely, or replaced by mineral matter,
until nothing is left of the original but a cast, an
impression, or a mere trace of its contours. The
principles of investigation thus excellently stated
and illustrated by Steno in 1669, are those which
have, consciously or unconsciously, guided the
researches of paleontologists ever since. Even
that feat of palzontology which has so powerfully

* u 001['1pora gibi invicem ommino similia simili etiam
modo producta sunt.”



32 PROGRESS OF PALZONTOLOGY b3

impressed the popular imagination, the recon-
struction of an extinet animal from a tooth or a
bone, is based upon the simplest imaginable appli-
cation of the logic of Steno. A moment’s con-
sideration will show, in fact, that Sieno’s conclu-
sion that the glossopetree are sharks’ tecth implics
the reconstruction of an animal from its tooth. It
is equivalent to the assertion that the animal of
which the glossopetre are relics had the form and
organisation of a shark; that it had a skull, a
vertebral column, and lhimbs similar to those which
are characteristic of this group of fishes; that its
heart, gills, and intestines presented the pecu-
liarities which those of all sharks exhibit; nay,
even that any hard parts which its integument
contained were of a totally different character
from the scales of ordinary fishes. These conclu-
sions are as certain as any based upon probable
reasonings can be. And they are so, simply be-
cause a very large experience justifies us in be-
lieving that teeth of this particular form and
structure are invariably associated with the pecul-
iar organisation of sharks, and are mever found
in connection with other organisms. Why 1ihis
should be we are not at present in a position even.
to imagine; we must take the fact as an empirical
law of animal morphology, the reason of which
may possibly be one day found in the history of
the evolution of the shark tribe, but for which it
is hopeless to seek for an explanation in ordinary
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physiological reasomings. Every one practically
acquainted with paleontology is aware that it is
not every tooth, nor every bone, which enables us
to form a judgment of the character of the animal
to which it belonged; and that it is possible to
posscss many teeth, and even a large portion of
the skeleton of an extinet animal, and yet be
unable to reconstruct its skull or its limbs. It
is only when the tooth or bone presents peculi-
arities, which we know by previous experience to
be characteristic of a certain group, that we can
gafely predict that the fossil belonged to an
animal of the same group. Any one who finds a
cow’s grinder may be perfectly sure that it be-
longed to an animal which had two complete toes
on each foot and ruminated; any one who finds a
horge’s grinder may be as sure that it had ome
complete toe on each foot and did not ruminate;
but if ruminants and horses were extinct animals
of which nothing but the grinders had ever been
discovered, no amount of physiological reasoning
could have cnabled us to recomstruct either
animal, still less to have divined the wide differ-
cnces between the two. Cuvier, in the “ Discours
gur les Révolutions de la Surface du Globe,”
strangely credits himself, and has ever since been
credited by others, with the invention of a new
method of pal®ontological research. But if you
will turn to the “Recherches sur les Ossemens
Fossiles ” and watch Cuvier, not speculating, but
92



34 PROGRESS OF PALAEONTOLOGY n

working, you will find that his method is neither
more or less than that of Stemo. If he was able
to make his famous prophecy from the jaw which
lay upon the surface of a block of stone to the
pelvis of the same animal which lay hidden in i,
it was not because erther he, or any one clsc,
knew, or knows, why a certain form ol jaw is, as a
rule, constantly accompanied by the presence of
marsupial bones, but simply because experience
has shown that these two structures are co-
ordinated.

The settlement of the nature of fossils led at
once to the next advance of paleontiology, viz. its
application to the deciphering of the history of
the earth. When it was admitted that fossils are
remains of animals and plants, it followed that, in
gso far as they resemble terrestrial, or freshwater,
animals and plants, they are evidences of the cx-
istence of land, or fresh water; and, in so far
as they resemble marine organisms, they are
evidences of the existence of the sca at the iime
at which they were parts of actually living animals
and plants. Moreover, in the absence of evidence
to the contrary, it must be admitted that the
terrestrial or the marine organisms implied the
existence of land or sea at the place in which they
were found while they were yet living. In fact,
such conclusions were immediately drawn by
everybody, from the time of Xenophanes down-
wards, who believed that fossils were rcally
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organic remains. Steno discusses their value as
evidence of repeated alteration of marine and
terrestrial conditions upon the soil of Tuscany in
a manner worthy of a modern geologist. The
speculations of De Maillet in the beginning of
the eightecnth century turn upon fossils; and
Buffon follows him very closely in those two re-
markable works, the “ Théorie de la Terre” and
the “ Bipoques de la Nature ” with which he com-
menced and ended his career as a naturalist.

The opening sentences of the “ Epoques de la
Nature ” show us how fully Buffon recognised the
analogy of geological with archeeological inquiries.
“As in civil history we consult deeds, seek for
coins, or decipher antique inscriptions in order to
delermine the epochs of human revolutions and
fix the date of moral events; so, in natural history,
we must search the archives of the world, recover
old monuments from the bowels of the earth,
collect their fragmentary remains, and gather into
one body of evidence all the signs of physical
change which may cnable us to look back upon
the different ages of nature. It is our only means
of fixing some points in the immensity of space,
and of setting a certain number of waymarks along
the eternal path of time.”

Buffon enumecrates five classes of these monu-
ments of the past history of the earth, and
they are all facts of palmontology. In the first
place, he says, shells and other marine productions
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are found all over the surface and in the interior
of the dry land; and all calcareous rocks are made
up of their remains. Secondly, a great many of
these shells which are found in Europe are not
now to be met with in the adjacent seas; and, in
the slates and other deep-seated deposits, there
are remains of fishes and of plants of which no
species now exist in our latitudes, and which are
either extinct, or exist only in more northern
climates. 'Thirdly, in Siberia and in other
northern regions of Europe and of Asia, bones
and teeth of elephants, rhinoceroses, and hippo-
potamuses occur in such numbers that these
animals must once have lived and multiplied 1n
those regions, although at the present day they
are confined to southern climates. The deposils
in which these remains are found are superficial,
while those which contain shells and other marine
remains lie much deeper. Fourthly, tusks and
bones of elephants and hippopotamuses are found
not only in the northern regions of the old world,
but also in those of the new world, although, at
present, neither clephants mnor hippopotamuses
occur in America. Fifthly, in the middle of the
continents, in regions most remote from the sea, we
find an infinite number of shells, of which the most
part belong to animals of those kinds which still
exist in southern seas, but of which many others
have no living analogues; so that these species
appear to be lost, destroyed by some unkmown
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cause. It is needless to inquire how far these
statements are strictly accurate; they are suf-
ficiently so to justify Buffon’s conclusions that
the dry land was once beneath the sea; that the
formation of the fossiliferous rocks must have
occupicd a vastly greater lapse of time than that
traditionally ascribed to the age of the earth;
that fossil remains indicate different climatal
conditions to have obtained in former times, and
especially that the polar regions were once
warmer; that many species of animals and plants
have become extinct; and that geological change
has had something to do with geographical dis-
tribution.

But these propositions almost constitute the
frame-work of paleontology. In order to com-
plete it but one addition was needed, and that
was made, in the last years of the eighteenth
century, by William Smith, whose work comes so
near our own times that many living men may
have been personally acquainted with him. This
modest land-surveyor, whose business took him
into many parts of England, profited by the
peculiarly favourable conditions offered by the
arrangement of our secondary strata to make a
careful examination and comparison of their
fossil contents at different peints of the large area
over which they extend. The result of his
accurate and widely-extended observations was to
establish the important trutk that each stratum



38 PROGRESS OF PALZONTOLOGY iu

contains certain fossils which are peculiar to it;
and that the order in which the strala, character-
iged by these fossils, are super-imposed onc upon
the other 1s always the same. This most 1m-
portant generalisation was rapidly verified and
extended to all parts of the world accessible to
geologists; and now it rests upon such an immense
mass of observations as to be one of the best
established truths of natural science. To the
geologist the discovery was of infinite importance
as it enabled him to identify rocks of the same
relative age, however their continuity might be
interrupted or their composition altered. But to
the biologist it had a still deepcr meaning, for it
demonstrated that, throughout the prodigious
duration of time registered by the fossiliferous
rocks, the living population of the earth had
undergone continual changes, not mercly by ihe
extinction of a certain number of the species
which had at first existed, but by the continual
generation of new species, and the no less constant
extinction of old ones.

Thus the broad outlines of paleontology, in so
far as it is the common property of both the
geologist and the biologist, were marked out at
the close of the last century. In tracing its sub-
sequent progress I must confine mysclf to the
province of biology, and, indeed, to the influence
of pzlontology upon zoological morphology. And
I accept this limitation the more willingly as the
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1o less important topic of the bearing of geology
and of paleontology upon distribution has been
luminously treated in the address of the President
of the Geographical Section.*

The succession of the species of animals and
plants in time being established, the first question
which the zoologist or the botanist had to ask him-
gelf was, What is the relation of these successive
species one to another? And it is a curious cir-
cumstance that the most important event in the
history of paleontology which immediately suc-
ceeded William Smith’s generalisation was a dis-
covery which, could it have been rightly appreci-
ated at the {ime, would have gone far towards
suggesting the answer, which was in fact delayed
for more than half a century. I refer to Cuvier’s
investigation of the mammalian fossils yielded by
the quarries in the older tertiary rocks of Mont-
martre, among the chief results of which was the
bringing to light of two genera of extinct hoofed
quadrupeds, the Anoplotherium and the Palwo-
therium. The rich materials at Cuviers dis-
position enabled him to obtain a full knowledge of
the osteology and of the dentiition of these two
forms, and. consequently to compare their structure
critically with that of existing hoofed animals.
The effect of this comparison was to prove that
the Anoplotherium, though it presented many
points of resemblance with the pigs on the one

* Sir J. D. Hooker.
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hand and with the ruminants on the other, differed
from both to such an extent that it could find a
place in neither group. In fact, it held, in some
respects, an intermediate position, tending to
bridge over the imterval between these two groups,
which in the existing fauna are so distinct. In
the same way, the Pal@otherium tended to connect
forms so dufferent as the tapir, the rhinoceros, and
the horse. Subsequent investigations have brought
to light a variety of facts of the same order, the
most curious and striking of which are those which
prove the existence, in the mesozoic epoch, of a
series of forms intermediate between birds and
reptiles—two classes of vertebrate animals which
at present appear to be more widely separaled
than any others. Yet the interval between them
is completely filled, in the mesozoic fauna, by
birds which have reptilian characters, on ihe one
side, and reptiles which have ornithic characters,
on the other. So again, while the group ol fighes,
termed ganoids, is, at the present time, so distinct
from that of the dipnoi, or mudfishes, that they
have been reckoned as distinet orders, the Devon-
ian strata present us with forms of which it is
impossible to say with certainty whether they are
dipnoi or whether they are ganoids.

Agassiz’s long and elaborate researches upon
fossil fishes, published between 1833 and 1842,
led him to suggest the existence of amother kind
of relation between ancient and modern forms of
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life. He ohserved that the oldest fishes present
many characters which recall the embryonic con-
ditions of existing fishes; and that, not only among
fishes, but in several groups of the invertebrata
which have a long palmontological history, the
latest forms are more modified, more specialised,
than the earlier. The fact that the dentition of
the older tertiary ungulate and carnivorous mam-
mals is always complete, noticed by Professor
Owen, illustraled the same generalisation.

Another no less suggeslive observation was
made by Mr. Darwin, whose personal investigations
during the voyage of the Beagle led him to remark
upon the singular fact, that the fauna, which im-
mediately precedes that at present existing in any
geographical province of distribution, presents the
same peculiarities as its successor. Thus, in
South America and in Australia, the later tertiary
or quaternary fossils show that the fauna which
immediately preceded that of the present day was,
in the one case, as much characterised by eden-
tates and, in the other, by marsupials as it is now,
although the species of the older are largely differ-
ent from those of the newer fauna.

However clearly these indications might point
in one direction, the question of the exact relation
of the successive forms of animal and vegetable
life could be satisfactorily settled only in one way;
namely, by comparing, stage by stage, the series of
forms presented by one and the same type through-
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out a long space of time. Within the last few
years this has been done fully in the case of the
horse, less completely in the case of the other
principal types of the ungulata and of the car-
nivora; and all these investigations tend to one
general result, namely, that, in any given series,
the successive members of that series present a
gradually increasing specialisation of structure.
That is to say, if any such mammal at present
existing has specially modified and reduced limbs
or dentition and complicated brain, its predecessors
in time show less and less modification and reduc-
tion in limbs and teeth and a less highly developed
brain. The labours of Gaudry, Marsh, and Cope
furnish abundant illustrations of this law from the
marvellous fossil wealth of Pikermi and the vast
uninterrupted series of tertiary rocks in the terri-
tories of North America.

I will now sum up the results of this sketch of
the rise and progress of paleontology. The whole
fabric of palzontology is based upon two proposi-
tions: the first is, that fossils are the remains of
animals and plants; and the second is, that the
stratified rocks in which they are found are sedi-
mentary deposits; and each of these propositions
ig founded upon the same axiom, that like effects
imply like causes. If there is any cause competent
to produce a fossil stem, or shell, or bone, except
a living being, then pal®ontology has no [ounda-
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tion; if the stratification of the rocks is mot the
effect of such causes as at present produce stratifi-
cation, we have no means of judging of the dura-
tion of past time, or of the order in which the
forms of life have succeeded one another. But if
these two propositions are granted, there is mno
escape, as it appears to me, from three very
important conclusions. The first iz that living
matter has existed upon the earth for a vast length
of time, certainly for millions of years. The
second is that, during this lapse of time, the forms
of living matter have undergone repeated changes,
the effect of which has been that the animal and
vegetable population, at any period of the earth’s
history, contains certain species which did not exist
at some antecedent period, and others which ceased
to exist at some subsequent period. The third is
that, in the case of many groups of mammals
and some of reptiles, in which one type can be
followed through a considerable extent of geologi-
cal time, the series of different forms by which the
type is represented, at successive intervals of this
time, is exactly such as it would be, if they had
been produced by the gradual modification of the
earliest forms of the series. These are facts of the
history of the earth guaranteed by as good evidence
as any facts in civil history.

Hitherto I have kept carefully clear of all the
hypotheses to which men have at various times
endeavoured to fit the facts of palzontology, or by
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which they have endeavoured to connect as many
of these facts as they happened to be acquainted
with. I do mot think it would be a profitable
employment of our time to discuss conceptions
which doubtless have had their justification and
even their use, but which are now obviously incom-
patible with the well-ascertained truths of palec-
ontology. At present these truths leave room for
only two hypotheses. The first 1s that, in the course
of the history of the earth, innumerable species of
animals and plants have come inlo existence, in-
dependently of one another, innumerable iimes.
This, of course, implies either that spontancous
generation on the most astounding scale, and of
animals such as horses and elephants, has been
going om, as a natural process, through all the time
recorded by the fossiliferous rocks; or it necessi-
tates the belief in innumerable acts of creation re-
peated innumerable times. The other hypothesis is,
that the successive specics of animals and plants
have arisen, the later by the gradual modification
of the earlier. This is the hypothesis of evolution;
and the paleontological discoveries of the last dec-
adeare socompletelyin accordancewith therequire-
ments of this hypothesis that, if it had not existed,
the paleontologist would have had to invent it.
I'have always had a certain horror of presuming
to set a limit upon the possibilities of things.
Therefore I will not venture to say that it is im-
possible that the multitudinous species of animals
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and plants may have been produced, one separately
from the other, by spontaneous generation; nor
that it is impossible that they should have been in-
dependently originated by an endless succession of
miraculous creative acts. But I must confess that
both these hypotheses strike me as so astoundingly
improbable, so devoid of a shred of either scientific
or traditional support, that even 1f there were no
other evnidence than that of paleontology in its
favour, I should feel compelled to adopt the
hypothesis of evolution. Happily, the future of
paleontology is independent of all hypothetical
considerations. Fifty years hence, whoever under-
takes to record the progress of paleontology will
note the present time as the epoch in which
the law of succession of the forms of the higher
animals was determined by the observation of
palmontological facts. He will point out that,
just as Steno and as Cuvier were enabled from
their knowledge of the empirical laws of co-exist-
ence of the parts of animals to conclude from a
part to the whole, so the knowledge of the law of
succession of forms empowered their successors to
conclude, from one or two terms of such a succes-
gion, to the whole series; and thus to divine the
existence of forms of life, of which, perhaps, no
trace remains, at epochs of inconceivable remote-
ness in the past.



IIx
LECTURES ON EVOLUTION
[1876]
I

THE THREE HYPOTHESES RESPECTING THE
HISTORY OF NATURE

WE live in and form part of a system of things
of immense diversity and perplexity, which we call
Nature; and it is a matter of the deepest inierest
to all of us that we should form just conceptions
of the constitution of that system and of its past
history. With rclation to this universe, man is,
in extent, little more than a mathematical point;
in duration but a feeting shadow; he is a mere
reed shaken in the winds of force. But as Pascal
long ago remarked, although a mere reed, he is a
thinking reed; and in virtue of that wonderful
capacity of thought, he has the power of framing
for himself a symbolic conception of the universe,

46
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which, although doubtless highly imperfect and
inadequate as a picture of the great whole, is yet
sufficient to serve him as a chart for the guidance
of his practical affairs. It has taken long ages of
toilsome and often fruitless labour to enable man
to look steadily at the shifting scenes of the phan-
tasmagoria of Nature, to notice what is fixed
among her fluctuations, and what is regular among
her apparent irregularities; and it is only compara-
tively lately, within the last few centuries, that
the conception of a universal order and of a definite
course of things, which we term the course of
Nature, has emerged.

{ But, once originated, the conception of the con-
stancy of the order of Nature has become the
dominant idea of modern thought. To any person
who is familiar with the facts upon which that
conception is based, and is competent to estimate
their significance, it has ceased to be conceivable
that chance should have any place in the universe,
or that events should depend upon any but the
natural sequence of cause and effect. We have
come to look upon the present as the child of the
past and as the parent of the future; and, as we
have excluded chance from a place in the universe,
80 we ignore, even as a possibility, the notion of
any interference with the order of Nature. What-
ever may be men’s speculative doctrines, it is quite
certain that every intelligent person guides his life
and rigks his fortune upon the belief that the order
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of Nature is constant, and that the chain of natural
causation is never broken. .

In fact, no belief which we entertain has so
complete a logical basis as that to which I have just
referred. It tacitly underlies every process of
reasoning; it is the foundation of every act of the
will. It is based upon the broadest induction,
and it is verified by the most constant, regular,
and universal of deductive processes. But we
must recollect that any human belief, however
broad its basis, however defensible it may seem, is,
after all, only a probable belief, and that our
widest and safest generalisations are simply state-
ments of the highest degree of probability.
Though we are quite clear about the constancy of
the order of Nature, at the present time, and in
the present state of things, it by no means neces-
sarily follows that we are justified in expanding
this generalisation into the infinite past, and in
denying, absolutely, that there may have been a
time when Nature did not follow a fixed order,
when the relations of cause and effect were not
definite, and when extra-natural agencies inter-
{fered with the general course of Nature. Cautious
men will allow that a universe so different from
that which we know may have cxisted; just as a
very candid thinker may admit that a world in
which two and two do not make four, and in which
two straight lines do inclose a space, may exist.
But the same caution which forces the admission of
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such possibilities demands a great deal of evidence
before it recognises them to be anything more
substantial. And when it is asserted that, so
many thousand years ago, events occurred in a
manner utterly foreign to and inconsistent with
the existing laws of Nature, men, who without
being particularly cautious, are simply honest
thinkers, unwilling to deceive themselves or de-
lude others, ask for trustworthy evidence of the
fact.

Did things so happen or did they not? This
is a historical question, and one the answer to
which must be sought in the same way as the
solution of any other historical problem.

So far as I know, there are only three hypothe-
ses which ever have been entertained, or which
well can be entertained, respecting the past history
of Nature. I will, in the first place, state the hy-
potheses, and then I will consider what evidence
bearing upon them is in our possession, and by
what light of criticism that evidence is to be in-
terpreted.

Upon the first hypothesis, the assumption is,
that phenomena of Nature similar to those ex-
hibited by the present world have always existed;
in other words, that the universe has existed, from
all eternity, in what may be broadly termed its
present condition.

The second hypothesis is that the present state
93
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of things has had only a limited duration; and
that, at some period in the past, a condition of
the world, essentially similar to that which we now
know, came into existence, without any precedent
condition from which it could have naturally pro-
ceeded. The assumption that successive states of
Nature have arisen, each without any relation of
natural causation to an antecedent state, is a
mere modification of this second hypothesis.

The third hypothesis alsoassumes that the pres-
ent state of things has had but a limited dura-
tion; but it supposes that this state has been
evolved by a natural process from an antecedent
state, and that from another, and so on; and, on
this hypothesis, the attempt to assign any limit to
the series of past changes is, usually, given up.

It is so needful to form clear and distinet no-
tions of what is really meant by each of these
hypotheses that I will ask you to imagine what,
according to each, would have been vigible to a
spectator of the events which constitute the history
of the earth. On the first hypothesis, however far
back in time that spectator might be placed, he
would see a world essentially, though perhaps not
in all its details, similar to that which now cxists.
The animals which existed would be the ancestors
of those which now live, and similar to them; the
plants, in like manner, would be such as we know;
and the mountains, plains, and waters would fore-
shadow the salient features of our present land
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and water. This view was held more or less
distinctly, sometimes combined with the notion of
recurrent cycles of change, in ancient times; and
its influence has been felt down to the present day.
It is worthy of remark that it is a hypothesis
which is not inconsistent with the doctrine of
Uniformitarianism, with which geologists are
familiar. That doctrine was held by Hutton, and
in his earlier days by Lyell. Hutton was struck
by the demonstration of astronomers that the per-
turbations of the planetary bodies, however great
they may be, yet sooner or later right themselves;
and that the solar system possesses a self-adjusting
power by which these aberrations are all brought
back to a mean condition. Hutton imagined that
the like might be true of terrestrial changes;
although no one recognised more clearly than he
the fact that the dry land is being constantly
washed down by rain and rivers and deposited in
the sea; and that thus, in a longer or shorter time,
the inequalities of the earth’s surface must be
levelled, and its high lands brought down to the
ocean. But, taking into account the internal
forces of the earth, which, upheaving the sea-bot-
tom give rise to new land, he thought that these
operations of degradation and elevation might com-
pensate each other; and that thus, for any assign-
able time, the general features of our planet might
remain what they are. And inasmuch as, under
these circumstances, there need be no limit to the
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propagation of animals and plants, it is clear that
the consistent working out of the uniformitarian
idea might lead to the conception of the eternity
of the world. Not that I mean to say that either
Hutton or Lyell held this conception—assuredly
not; they would have been the first to repudiate
it. Nevertheless, the logical development of some
of their arguments tends directly towards this
hypothesis.

Thesecond hypothesis supposes that the present
order of things, at some no very remote time, had
a sudden origin, and that the world, such as it
now is, had chaos for its phenomenal antecedent.
That is the doctrine which you will find stated
most fully and clearly in the immortal poem of
John Milton—the English Divina Commedio—
“ Paradise Lost” T believe it is largely to the
influence of that remarkable work, combined with
the daily teachings to which we have all listened
in our childhood, that this hypothesis owes its
general wide diffusion as one of the current beliefs
of English-speaking people. If you turn to the
seventh book of “ Paradise Lost,” you will find
there stated the hypothesis to which I refer, which
is briefly this: That this visible universe of ours
came into existence at no great distance of time
from the present; and that the parts of which it is
composed made their appearance, in a certain defi-
nite order, in the space of six mnatural days, in
such a manner that, on the first of these days,
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light appeared; that, on the second, the firma-
ment, or sky, separated the waters above, from
the waters beneath the firmament; that, on the
third day, the waters drew away from the dry
land, and wupon it a varied vegetable life,
similar to that which now exists, made its appear-
ance; that the fourth day was signalised by the
apparition of the sun, the stars, the moon, and
the planets; that, on the fifth day, aquatic animals
originated within the waters; that, on the sixth
day, the earth gave rise to our four-footed terres-
trial creatures, and to all varieties of terrestrial
animals except birds, which had appeared on the
preceding day; and, finally, that man appeared
upon the earth, and the emergence of the universe
from chaos was finished. Milton tells us, without
the least ambiguity, what a spectator of these
marvellous occurrences would have witnessed. I
doubt not that his poem is familiar to all of you,
but I should like to recall one passage to yowm
minds, in order that I may be justified in what I
have said regarding the perfectly concrete, definite,
picture of the origin of the animal world which
Milton draws. He says:—
“The sixth, and of creation last, arose

With evening harp and matin, when God said,

‘Let the earth bring forth soul living in her kind,

Qattle and creeping things, and beast of the earth,

Each in their kind!* The earth obeyed. and, straight

Opening her fertile womb, teemed at a birth
Innumerous living creatures, perfect forms,



54 LECTURES ON EVOLUTION Ix

Limbed and full-grown. Out of the ground uprose,
As from his lair, the wild beast, where he wons

In forest wild, n thicket, brake, or den;

Among the trees in pairs they rose, they walked ;
The cattle in the fields and meadows green ;

Those rare and solitary ; these in flocks

Pasturing at once, and in broad herds upsprung.
The grassy clods now calved ; now half appears

The tawny lion, pawing to get free

His hinder parts—then springs, as broke from bonds,
And rampant shakes huis brinded mane ; the ounce,
The libbard, and the tiger, as the mole

Rising, the crumbled earth above them threw

In hillocks; the swift stag from underground

Bore up his branching head ; scarce from his mould
Behemoth, biggest born of earth, upheaved

His vastness; fleeced the flocks and bleating rose
As plants; ambiguous between sea and land,

The river-horse and scaly crocodile.

At once came forth whatever creeps the ground,
Insect or worm.”

There is no doubt as to the meaning of this
statement, nor as to what a man of Millon’s
genius expected would have been aclually visible
to an eye-witness of this mode of origination of
Living things.

The third hypothesis, or the hypothesis of
evolution, supposcs that, at any comparatively lale
period of past time, our imaginary spectator would
meet with a state of things very similar to that
which now obtains; but that the likencss of the
past to the present would gradually become less
and less, in proportion to the remotencss of his
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period of observation from the present day; that
the existing distribution of mountains and plains,
of rivers and seas, would show itself to be the
product of a slow process of natural change
operating upon more and more widely different
antecedent conditions of the mineral frame-work
of the earth; until, at length, in place of that
frame-work, he would behold only a vast nebulous
mass, representing the constituents of the sun
and of the planetary bodies. Preceding the
forms of life which now exist, our observer
would see animals and plants, not identical with
them, but like them, increasing their differences
with their antiquity and, at the same time, be-
coming simpler and simpler; until, finally, the
world of life would present nothing but that un-
differentiated protoplasmic matter which, so far
as our present knowledge goes, is the common
foundation of all vital activity.

The hypothesis of evolution supposes that in
all this vast progression there would be no breach
of continuity, no point at which we could say
“ This is a natural process,” and “ This is not a
natural process;” but that the whole might be com-
pared to that wonderful operation of development
which may be seen going on every day under our
eyes, in virtue of which there arises, out of the
semi-fluid comparatively homogeneous substance
which we call an egg, the complicated organisa-
tion of one of the higher animals. That, in a
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few words, is what is meant by the hypothesis of
evolution. *

I have already suggested that, in dealing with
these three hypotheses, in endeavouring to form a
judgment as to which of them 1s the more worthy
of belief, or whether none is worthy of belief—in
which case our condition of mind should be that
suspension of judgment which is so difficult to all
but trained intellects—we should be indifferent
to all a priori considerations. The question is a
question of historical fact. The universe has come
into existence somehow or other, and the problem
is, whether it came into existence in onc fashion,
or whether it came into existence in another; and,
as an essential preliminary to further discussion,
permit me to say two or three words as to the
nature and the kinds of historical evidence.

The evidence as to the occurrence of any event
in past time may be ranged under two heads
which, for convenience’ sake, I will speak of as
testimonial evidence and as circumstantial evi-
dence. By testimonial evidence I mean human
testimony; and by circumstantial evidence I
mean evidence which_is not . human . testimony.
Let me illustrate by a familiar example what I
understand by these two kinds of evidence, and
what is to be said respecting their value.

Suppose that a man tells you that he saw a
person strike another and kill him; that is testi-
monial evidence of the fact of murder. But it is
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possible to have circumstantial evidence of the
fact of murder; that is to say, you may find a
man dying with a wound upon his head having
exactly the form and character of the wound
which is made by an axe, and, with due care in
taking surrounding circuwstances into account,
you may conclude with the utmost certainty that
the man has been murdered; that his death is
the consequence of a blow inflicted by another
man with that implement. We are very much in
the habit of considering circumstantial evidence
as of less value than testimonial evidence, and it
may be that, where the circumstances are not
perfectly clear and intelligible, it is a dangerous
and unsafe kind of evidence; but it must not be
forgotten that, in many cases, circumstantial is
quite as conclusive as testimonial evidence, and
that, not unfrequently, it is a great deal weightier
than testimonial evidence. For example, take
the case to which I referred just now. The cir-
cumstantial evidence may be better and more con-
vincing than the testimonial evidence; for it may
be impossible, under the conditions that I have
defined, to suppose that the man met his death
from any cause but the violent blow of an axe
wielded by another man. The circumstantial evi-
dence in favour of a murder having been com-
mitted, in that case, is as complete and as con-
vineing as evidence can be. It is evidence which
is open to no doubt and to no falsification. But
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the testimony of a witness is open to multitudi-
nous doubts. He may have becen mistaken. He
may have been actuated by malice. It has con-
stantly happened that even an accuratc man has
declared that a thing has happened in this, ihat,
or the other way, when a careful analysis of the
circumstantial evidence has shown that it did not
happen in that way, but in some other way.

We may now consider the evidence in favour of
or against the three hypotheses. Let me first
direct your attention to what is to be said about
the hypothesis of the eternity of the state of
things in which we now live. What will first
strike you is, that it is a hypothesis which,
whether true or false, is not capable of verifica-
tion by any evidemce. TFor, in order to obtain
either circumstantial or testimonial evidence suffi-
cient to prove the eternity of duration of the
present state of nature, you must have an cternity
of witnesses or an infinity of circumstances, and
neither of these is attainable. It is utterly im-
possible that such evidence should be carried
beyond a certain point of time; and all that
could be said, at most, would be, that so far
as the evidence could be traced, there was nothing
to contradiet the hypothesis. But when you look,
not to the testimonial evidence—which, consider-
ing the relative insignificance of the antiquity of
human records, might not be good for much in
this case—but to the circumstantial evidence,
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then you find that this hypothesis is absolutely
incompatible with such evidence as we have;
which 1s of so plain and so simple a character
that it is impossible in any way to escape from the
conclusions which it forces upon us.

You are, doubtless, all aware that the outer
substance of the earth, which alone is accessible
to dircct observation, is not of a homogeneous
character, but that it is made up of a number of
layers or strata, the titles of the principal groups
of which are placed upon the accompanying
diagram. Each of these groups represents a
number of beds of sand, of stone, of clay, of slate,
and of various other materials.

On carcful examination, it is found that the
materials of which each of these layers of more
or less hard rock are composed are, for the most
part, of the same nature as those which are at
present being formed under known conditions on
the surface of the earth. For example, the chalk,
which constitutes a great part of the Cretaceous
formation in some parts of the world, is prac-
tically identical in its physical and chemical
characters with a substance which is now being
formed at the bottom of the Atlantic Ocecan, and
covers an enormous area; other beds of rock are
comparable with the sands which are being
formed upon sca-shores, packed together, and so
on. Thus, omitting rocks of igneous origin, it is
demonstrable that all these beds of stone, of
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which a total of not less than seventy thousand
feet is kmown, have been formed by natural
agencies, either out of the waste and washing of
the dry land, or else by the accumulation of the
exuviee of plants and animals. Many of these
strata are full of such exuviz—the so-called
“fossils.” Remains of thousands of species of
animals and plants, as perfectly recognisable as
those of existing forms of life which you meet
with in museums, or as the shells which you pick
up upon the sea-beach, have been imbedded in
the ancient sands, or muds, or limestones, just as
they are being imbedded now, in sandy, or clayey,
or calcareous subaqueous deposits. They furnish
us with a record, the general nature of which can-
not be misinterpreted, of the kinds of things that
have lived upon the surface of the earth during
the time that is registered by this great thickmess
of stratified rocks. But even a superficial study of
these fossils shows us that the animals and plants
which live at the present time have had only a
temporary duration; for the remains of such mod-
ern forms of life are met with, for the most part,
only in the uppermost or latest tertiaries, and their
number rapidly diminishes in the lower deposits of
that epoch. In the older tertiaries, the places of
existing animals and plants are taken by other
forms, as numerous and diversified as those which
live now in the same localities, but more or less
different from them; in the mesozoic rocks, these
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are replaced by others yet more divergent from
modern types; and, in the palmozoic formations,
the contrast is still more marked. Thus the cir-
cumstantial evidence absolutely negatives the con-
ception of the eternity of the present condition of
things. We can say, with certainty, that the
present condilion of things has existed for a com-
paratively short period; and that, so far as animal
and vegetable nature are concerncd, it has been
preceded by a different condition. We can pursue
this evidence until we reach the lowest of the
stratified rocks, in which we lose the indications of
life altogether. The hypothesis of the cternity of
the present state of nature may thercfore be put
out of court.

We now come to what I will term Milton’s
hypothesis—the hypothesis that the present con-
dition of things has endured for a comparativcly
short time; and, at the commencement of that
time, came into existence within the course of six
days. I doubt not that it may have excited some
surprise in your minds that I should have spoken
of this as Milton’s hypothesis, rather than that I
should have chosen the terms which are more
customary, such as “the doectrine of creation,” or
“the Biblical doctrine,” or “the doctrine of
Moses,” all of which denominations, as applicd to
the hypothesis to which I have just referred, are
certainly much more familiar to you ihan the
title of the Miltonic hypothesis. But I have had
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what I cannot but think are very weighty reasons
for taking the course which I have pursued. In
the first place, I have discarded the title of the
“doctrine of creation,” because my present busi-
ness is not with the question why the objects
which constitute Nature came into existence, but
when they came into existence, and in what order.
This is as strictly a historical question as the
question when the Angles and the Jutes invaded
England, and whether they preceded or followed
the Romans. But the question about creation is
a philosophical problem, and one which cannot
be solved, or even approached, by the historical
method. What we want to learn is, whether the
facts, so far as they are known, afford evidence
that things arose in the way described by Milton,
or whether they do not; and, when that question
is settled it will be time enough to inquire into
the causes of their origination.

In the second place, I have not spoken of this
doctrine as the Biblical doctrine. It is quite true
that persons as diverse in their general views as
Milton the Protestant and the celebrated Jesuit
Father Suarez, each put upon the first chapter of
Genesis the interpretation embodied in Milton’s
poem. It is quite true that this interpretation is
that which has been instilled into every one of us
in our childhood; but I do not for one moment
venture to say that it can properly be called the
Biblical doctrine. It is not my business, and
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does not lie within my competency, to say what
the Hebrew text does, and what it does mnot
signify; moreover, were I to affirm that this is the
Biblical doctrine, I should be met by the authority
of many eminent scholars, to say nothing of men
of science, who, at various times, have absolutely
denied that any such doctrine is to be found in
Genesis. If we are to listen to many expositors of
no mean authority, we must believe that what
seems so clearly defined in Genesis—as if very
great pains had been taken that there should be
no possibility of mistake—is not the meaning of
the text at all. The account is divided into
periods that we may make just as long or as short
as convenience requires. We are also to under-
stand that it is consistent with the original text to
believe that the most complex plants and animals
may have been evolved by natural processes,
lasting for millions of years, out of structurcless
rudiments. A person who is mnot a Hcbrew
scholar can only stand aside and admire the mar-
vellous flexibility of a language which admits of
such diverse interpretations. But assuredly, in the
face of such contradictions of authority upon mat-
ters respecting which he is incompetent to form
any judgment, he will abstain, as I do, from giving
any opinion.

In the third place, I have carefully abstained
from speaking of this as the Mossic doctrine,
because we are now assured upon the authority of
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the highest critics, and even of dignitaries of the
Church, that there is no evidence that Moses wrote
the Book of (tenesis, or knew anything about it.
You will understand that I give no judgment—
it would be an impertinence upon my part to
volunteer even a suggestion—upon such a sub-
ject. But, that being the stale of opinion among
the scholars and the clergy, it is well for the un-
learned in Hebrew lore, and for the laity, to avoid
entangling themselves in such a vexed question.
Happily, Milton leaves us no excuse for doubting
what he means, and I shall therefore be safe in
speaking of the opinion in question as the Miltonic
hypothesis.

Now we have to test that hypothesis. For my
part, I bave no prejudice one way or the other.
I{ there is evidence in favour of this view, I am
burdencd by no theoretical difficulties in the way
of accepting it; but there must be evidence.
Scientific men get an awkward habit—mno, T won’t
call it that, for it is a valuable habit—of believing
nothing unless there is evidence for it; and they
have a way of looking upon belief which is not
based upon cvidence, not only as illogical, but as
immoral. We will, if you please, test this view
by the circumstantial evidence alone; for, from
what I have said, you will understand that I do
not propose to discuss the question of what testi-
monial evidence is to be adduced in favour of it.
If those whose business it is to judge are not at

94
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one as to the authenticity of the only evidence of
that kind which is offered, nor as to the facts to
which it bears witness, the discussion of such evi-
dence is superfluous.

But I may be permitted to regret this necessity
of rejecting the testimonial evidence the less,
because the examination of the circumstantial
evidence leads to the conclusion, not only that
it is incompetent to justify the hypothesis, but
that, so far as it goes, it is contrary to the
hypothesis.

The considerations upon which I base this
conclusion are of the simplest possible character.
The Miltonic hypothesis contains assertions of a
'very definite character relating to the succession
of living forms. It is stated that plants, for
example, made their appearance upon the third
day, and not before. And you will understand that
what the poet means by plants are such plants
as now live, the ancestors, in the ordinary way of
propagation of like by like, of the trees and shrubs
which flourish in the present world. TIi must needs
be so; for, if they were different, either the exist-
ing plants have been the result of a separate origi-
nation since that described by Milton, of which we
have no record, nor any ground for supposition
that such an occurrence has taken place; or else
they have arisen by a process of evolution from the
original stocks.

In the second place, it is clear that there was
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no animal life before the fifth day, and that, on
the fifth day, aquatic animals and birds appeared.
And 1t is further clear that terrestrial hiving
things, other than birds, made their appearance
upon the sixth day and not before. Hence, it
follows that, if, in the large mass of circumstantial
evidence as to what really has happened in the
past history of the globe we find indications of
the existence of terrestrial animals, other than
birds, at a certain period, it is perfectly certain
that all that has taken place, since that time, must
be referred to the sixth day.

In the great Carboniferous formation, whence
America derives so vast a proportion of her actual
and potential wealth, in the beds of coal which
have been formed from the vegetation of that
period, we find abundant evidence of the existence
of terrestrial animals. They have been described,
not only by European but by your own naturalists.
There are to be found numerous insects allied to
our cockroaches. There are to be found spiders
and scorpions of large size, the latter so similar to
existing scorpions that it requires the practised
eye of the naturalist to distinguish them. Inas-
much as these animals can be proved to have
been alive in the Carboniferous epoch, it is per-
fectly clear that, if the Miltonic account is to be
accepted, the huge mass of rocks extending from
the middle of the Palmozoic formations to the
uppermost members of the series, must belong to
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the day which is termed by Milton the sixth.
But, further, it is expressly stated that aquatic
anmimals took their origin on the fifth day, and not
before; hence, all formations in which remains of
aquatic animals can be proved to exist, and which
therefore testify that such animals lived at the
time when these formations were in course of de-
position, must have been deposited during or
since the period which Milton speaks of as the
fifth day. But there is absolutely no fossiliferous
formation in which the remains of aquatic animals
are absent. The oldest fossils in the Silurian
rocks are exuvie of marine animals; and if the
view which is entertained by Principal Dawson
and Dr. Carpenter respecting the mnature of the
Eozoin be well-founded, aquatic animals existed
at a period as far antecedent to the deposition of
the coal as the coal is from wus; inasmuch as the
Eozoon is met with in those Laurentian strata
which lie at the bottom of the series of stratified
rocks. Hence it follows, plainly enough, that the
whole series of stratified rocks, if they are to be
brought into harmony with Milton, must be re-
ferred to the fifth and sixth days, and that we
cannot hope to find the slightest trace of the
products of the earlier days in the geological
record. When we consider these simple facts, we
see how absolutely futile are the attempts that
have been made to draw a parallel between the
story told by so much of the crust of the earth
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as is known to us and the story which Milton
tells. The whole series of fossiliferous stratified
rocks must be referred to the last two days; and
neither the Carboniferous, nor any other, for-
mation can afford evidence of the work of the
third day.

Not only is there this objection to any attempt
to establish a harmony between the Miltonic ac-
count and the facts recorded in the fossiliferous
rocks, but there is a further difficulty. According
to the Miltonic account, the order in which
animals should have made their appearance in
the stratified rocks would be thus: Fishes, in-
cluding the great whales, and birds; after them,
all varieties of terrestrial animals except birds.
Nothing could be further from the facts as we
find them; we know of not the slightest evidence
of the existence of birds before the Jurassic, or
perhaps the Triassic, formation; while terrestrial
animals, as we have just seen, occur in the Car-
boniferous rocks.

If there were any harmony between the Mil-
tonic account and the circumstantial evidence, we
ought to have abundant evidence of the existence
of birds in the Carboniferous, the Devonian, and
the Silurian rocks. I need hardly say that this is
not the case, and that not a trace of birds makes
its appearance until the far later period which I
have mentioned.

And again, if it be true that all varieties of
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fishes and the great whales, and the like, made
their appearance on the fifth day, we ought to find
the remains of these animals in the older rocks—
in those which were deposited before the Carbon-
iferous epoch. Fishes we do find, in considerable
number and variety; but the great whales are
absent, and the fishes are not such as now live.
Not one solitary species of fish now in existence is
to be found in the Devonian or Silurian forma-
tions. Hence we are introduced afresh to the
dilemma which I have already placed before you:
either the animals which came into existence on the
fifth day were not such as those which are found at
present, are not the direct and immediate ancestors
of those which now exist; in which case, cither
fresh creations of which nothing is said, or a
process of evolution, must have occurred; or else
the whole story must be given up, as not only
devoid of any circumstantial evidence, but contrary
to such evidence as exists.

I placed before you in a few words, some little
time ago, a statement of the sum and substance of
Milton’s hypothesis. Let me now try to state as
briefly, the effect of the circumstantial evidence
bearing upon the past history of the earth which
is furnished, without the possibility of mistake,
with no chance of error as to its chief features, by
the stratified rocks. What we find is, that the
great series of formations represents a period of
time of which our human chronologies hardly
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afford us a unit of measure. I will not pretend
to say how we ought to estimate this time, in
millions or in billions of years. For my purpose,
the determination of its absolute duration is wholly
unessential. But that the time was enormous there
can be no question.

It results from the simplest methods of inter-
pretation, that leaving out of view certain patches
of metamorphosed rocks, and certain voleanic
products, all that is now dry land has once been
at the bottom of the waters. It is perfectly
certain that, at a comparatively recent period
of the world’s history—the Cretaceous epoch—
none of the great physical features which at
present mark the surface of the globe existed.
It is certain that the Rocky Mountains were not.
It is certain that the Himalaya Mountains were
not. It is certain that the Alps and the Pyrenees
had no existence. The evidence is of the plainest
possible character and is simply this:—We find
raised up on the flanks of these mountains, ele-
vated by the forces of upheaval which have given
rise to them, masses of Cretaceous rock which
formed the bottom of the sea before those moun-
tains existed. It is therefore clear that the
elevatory forces which gave rise to the mountains
operated subsequently to the Cretaceous epoch;
and that the mountains themselves are largely
made up of the materials deposited in the sea
which once occupied their place. As we go back



2 LECTURES ON EVOLUTION m

in time, we mect with constant alternations of
sea and land, of estuary and open occan; and,
in correspondence wilth these alternations, we ob-
serve the changes 1n the fauna and flora to which
I have referred.

But the inspection of these changes gives us
no right to believe that there has been any dis-
continuity in natural processes. There is no trace
of general ecataclysms, of universal deluges, or
sudden destructions of a whole fauna or flora.
The appearances which were formerly interpreted
in that way have all been shown to be delusive,
as our knowledge has increased and as the blanks
which formerly appeared to exist between the dif-
ferent formations have been filled up. That there
is no absolute break between formation and
formation, that there has been no sudden dis-
appearance of all the forms of life and replacement
of them by others, but that changes have gone
on slowly and gradually, that one type has died
out and another has taken its place, and that
thus, by insensible degrecs, one fauna has been
replaced by another, are conclusions strengthened
by constantly increasing evidence. So that within
the whole of the immense period indicated by the
fossiliferous stratified rocks, there is assuredly not
the slightest proof of any break in the uniformity
of Nature’s operations, no indication that events
have followed other than a clear and orderly
sequence.
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That, I say, is the natural and obvious teaching
of the circumstantial evidence contained in the
stratified rocks. I leave you to consider how far,
by any ingenuity of interpretation, by any stretch-
ing of the meaning of language, it can be brought
into harmony with the Miltonic hypothesis.

There remains the third hypothesis, that of
which I have spoken as the hypothesis of evolu-
tion; and I purpose that, in lectures to come, we
ghould discuss it as carefully as we have con-
sidered the other two hypotheses. I need not say
that it is quite hopeless to look for testimonial
evidence of evolution. The very nature of the
case precludes the possibility of such evidence, for
the human race can no more be expected to testify
to its own origin, than a child can be tendered as
a witness of its own birth. Our sole inquiry is,
what foundation circumstantial evidence lends
to the hypothesis, or whether it lends none, or
whether it controverts the hypothesis. I ghall
deal with the matter entirely as a question of
history I shall not indulge in the discussion of
any speculative probabilities. I shall not attempt
to show that Nature is unintelligible unless we
adopt some such hypothesis. For anything I know
about the matter, it may be the way of Nature to
be unintelligible; she is often puzzling, and I have
no reason to suppose that she is bound to fit her-
gelf to our notions.

I shall place before you three kinds of evidence
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entirely based upon what is known of the forms
of animal life which are contained in the series
of stratified rocks. I shall endeavour to show you
that there is one kind of evidence which is neutral,
which neither helps evolution nor is inconsistent
with it. I shall then bring forward a second kind
of evidence which indicates a strong probability in
favour of evolution, but does not prove it; and,
lastly, I shall adduce a third kind of evidence
which, being as complete as any evidence which
we can hope to obtain upon such a subject, and
being wholly and strikingly in favour of evolution,
may fairly be called demonstrative evidence of its
occurrence.



LECTURES ON EVOLUTION
I

THE HYPOTHESIS OF EVOLUTION. THE NEUTRAL
AND THE FAVOURABLE EVIDENCE.

In the preceding lecture I pointed out that
there are three hypotheses which may be enter-
tained, and which have been entertained, respecting
the past history of life upon the globe. According
to the first of these hypotheses, living beings, such
as now exist, have existed from all eternity upon
this earth. We tested that hypothesis by the cir-
cumstantial evidence, as I called it, which is fur-
nished by the fossil remains contained in the
earth’s crust, and we found that it was obviously
untenable. I then proceeded to consider the sec-
ond hypothesis, which I termed the Miltonic hy-
pothesis, not because it is of any particular conse-
quence whether John Milton seriously entertained
it or not, but because it is stated in a clear and un-
mistakable manner in his great poem. I pointed
out to you that the evidence at our command as
completely and fully negatives that hypothesis as it

%
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did the preceding one. And I confess that I had
too much respect for your intelligence to think it
necessary to add that the negafion was equally
clear and equally valid, whatever the source from
which that hypothesis might be derived, or what-
ever the authority by which it might be supported.
I further stated that, according to the third hy-
pothesis, or that of evolution, the existing state
of things is the last term of a long series of states,
which, when traced back, would be found to show
no interruption and no breach in the continuity
of natural causation. I propose, in the present
and the following lecture, to test this hypothesis
rigorously by the evidence at command, and to
inquire how far that evidence can be said 1o be
indifferent to it, how far it can be said to be favour-
able to it, and, finally, how far it can be said to be
demonstrative.

From almost the origin of the discussions about
the existing condition of the animal and vegetable
worlds and the causes which have determined
that condition, an argument has been put forward
as an objection to evolution, which we shall have
to consider very seriously. It is an argument
which was first clearly stated by Cuvier in his
criticism of the doctrines propounded by his great
contemporary, Lamarck. The French expedition
to Egypt had called the attention of learned men
to the wonderful store of antiquities in that
country, and there had been brought back to
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France numerous mummified corpses of the
animals which the ancient Egyptians revered and
preserved, and which, at a reasonable computa-
tion, must have lived not less than three or four
thousand years before the time at which they
were thus brought to light. Cuvier endeavoured
to test the hypothesis that animals have under-
gone gradual and progressive modifications of
structure, by comparing the skeletons and such
other parts of the mummies as were in a fitting
state of preservation, with the corresponding parts
of the representatives of the same species now liv-
ing in Egypt. He arrived at the conviction that
no appreciable change had taken place in these
animals in the course of this considerable lapse of
time, and the justice of his conclusion is not
disputed.

It is obvious that, if it can be proved that
animals have endured, without undergoing any
demonstrable change of structure, for so long a
period as four thousand years, no form of the
hypothesis of evolution which assumes that ani-
mals undergo a constant and necessary progressive
change can be tenable; unless, indeed, it be further
assumed that four thousand years is too short a
time for the production of a change sufficiently
great to be detected.

But it is no less plain that if the process of
evolution of animals is not independent of sur-
rounding conditions; if it may be indefinitely hast-
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ened or retarded by variations in these conditions;
or if evolution is simply a process of accommoda-
tion to varying conditions; the argument against
the hypothesis of evolution based on the unchanged
character of the Egyptian fauna is worthless. Tor
the monuments which are coeval with the mum-
mies testify as strongly to the absence of change in
the physical geography and the gencral conditions
of the land of Egypt, for the time in question, as
the mummies do to the unvarying characters of its
living population.

The progress of research since Cuvier’s time
has supplied far more striking examples of the
long duration of specific forms of life than
those which are furnished by the mummified
Ibises and Crocodiles of Egypt. A remarkable
case is to be found in your own country, in the
neighbourhood of the falls of Niagara In the
immediate vicinity of the whirlpool, and again
upon Goat Island, in the superficial deposits which
cover the surface of the rocky subsoil in those
regions, there are found remains of animals in
perfect preservation, and among them, shells be-
longing to exactly the same species as those which
at present inhabit the still waters of Lake Erie.
It is evident, from the structure of the country,
that these animal remains were deposited in the
beds in which they oceur at a time when the lake
extended over the region in which they are found.
This involves the conclusion that they lived and
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died before the falls had cut their way back
through the gorge of Niagara; and, indeed, it has
been determined that, when these animals lived, the
falls of Niagara must have been at least six miles
further down the river than they are at present.
Many computations have been made of the rate
at which the falls are thus cutting their way back.
Those computations have varied greatly, but I
believe I am speaking within the bounds of
prudence, if T assume that the falls of Niagara have
not retreated at a greater pace than about a
foot a year. Six mules, speaking roughly, are
30,000 feet; 30,000 feet, at a foot a year, gives
30,000 years; and thus we are fairly justified in
concluding that no less a period than this has
passed since the shell-fish, whose remains are left
in the beds to which I have referred, were living
creatures.

But there is still stronger evidence of the long
duration of certain types. I have already stated
that, as we work our way through the great series
of the Tertiary formations, we find many species
of animals 1dentical with those which live at the
present day, diminishing in numbers, it is true,
but still existing, in a certain proportion, in the
oldest of the Tertiary rocks. Furthermore, when
we examine the rocks of the Cretaceous epoch,
we find the remains of some animals which the
closest scrutiny cannot show to be, in any im-
portant respect, different from those which live at
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the present time. That is the case with one of
the cretaceous lamp-shells (T'erebratula), which
has continued to exist unchanged, or with insignifi-
cant variations, down to the present day. Such
is the case with the Globigerine, the skeletons of
which, aggregated together, form a large propor-
tion of our English chalk. Those Globigerine can
be traced down to the Globigerine which live at
the surface of the present great oceans, and the
remains of which, falling to the bottom of the sea,
give rise to a chalky mud. Hence it must be
admitted that certain existing species of animals
show no distinct sign of modification, or tirans-
formation, in the course of a lapse of time as
great as that which carries us back to the Creta-
ceous period; and which, whatever its absolute
measure, is certainly vastly greater than thirty
thousand years.

There are groups of species so closely allied to-
gether, that it meeds the eye of a naturalist to
distinguish them one from another. If we dis-
regard the small differences which separate ihese
forms, and consider all the species of such groups
as modifications of one type, we shall find that,
even among the higher animals, some types have
had a marvellous duration. In the chalk, for
example, there is found a fish belonging to the
highest and the most differentiated group of
osseous fishes, which goes by the name of Beryz.
The remains of that fish are among the most
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beautiful and well-preserved of the fossils found
in our English chalk. It can be studied anatom-
ically, so far as the hard parts are concerned,
almost as well as if it were a recent fish. But
the genus Beryw is represented, at the present
day, by very closely allied species which are living
in the Pacific and Atlantic Oceans. We may go
still farther back. I have already referred to the
fact that the Carboniferous formations, in Europe
and in America, contain the remains of scorpions
in an admirable state of preservation, and that
those scorpions are hardly distinguishable from
such as now live. I do not mean to say that they
are not different, but close scrutiny is needed in
order to distinguish them from modern scorpions.

More than this. At the very bottom of the
Silurian series, in beds which are by some authori-
ties referred to the Cambrian formation, where the
signs of life begin to fail us—even there, among
the few and scanty animal remains which are dis-
coverable, we find specics of molluscous animals
which are so closely allied to existing forms that,
at one time, they were grouped under the same
generic name. I refer to the well-known Lingula
of the Lingula flags, lately, in consequence of
gome shight differences, placed in the new genus
Lingulella. Practically, it belongs to the same
great generic group as the Lingula, which is to be
found at the present day upon your own shores

and those of many other parts of the world.
95
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The same truth is exemplified if we turn to
certain great periods of the carth’s history—as,
for example, the Mesozoic epoch. There are
groups of reptiles, such as the Ichlhyosauria and
the Plesiosauria, which appear shorlly after the
commencement of this epoch, and they occur in
vast numbers. They disappear with ihe chalk
and, throughout the whole of the great serics of
Mesozoic rocks, they present no such modifications
as can safely be considered evidence of progressive
modification.

Facts of this kind are undoubtedly fatal io any
form of the doctrine of evolution which postulates
the supposition that there is an intrinsic necessity,
on the part of ammal forms which have once
come into existence, to undergo continual modifi-
cation; and they are as distinctly opposed to any
view which involves the belief, that such modifi-
cation may occur, must take place, at the same
rate, in all the different types of animal or
vegetable life. The facts, as I have placed them
before you, obviously directly contradiet any form
of the hypothesis of evolution which stands in need
of these two postulates.

But, one great service that has been rendered
by Mr. Darwin to the doctrine of evolution in
general is this: he has shown that there are two
chief factors in the process of evolution: one of
them is the tendency to vary, the existemce of
which in all living forms may be proved by



ut LECTURES ON EVOLUTION 83

observation; the other is the influence of sur-
rounding conditions upon what I may call the
parent form and the variations which are thus
evolved from it. The cause of the production of
variations is a matter not at all properly under-
stood at present. Whether variation depends
upon some intricate machinery—if I may use the
phrase—of the living organism itself, or whether
it arises through the influence of conditions upon
that form, is not certain, and the question may,
for the present, be left open. But the important
point is that, granting the existence of the tend-
ency to the production of variations; then,
whether the variations which are produced shall
survive and supplant the parent, or whether the
parent form shall survive and supplant the varia-
tions, is a matter which depends entirely on those
conditions which give rise to the struggle for ex-
istence. If the surrounding conditions are such
that the parent form is more competent to deal
with them, and flourish in them than the derived
forms, then, in the struggle for existence, the par-
ent form will maintain itself and the derived forms
will be exterminated. But if, on the contrary,
the conditions are such as to be more favourable
to a derived than to the parent form, the parent
form will be extirpated and the derived form
will take its place. In the first case, there will be
no progression, no change of structure, through
any imaginable series of ages; in the second
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place there will be modification of change and
form.

Thus the existence of these persistent types, as
I have termed them, is no real obstacle in the way
of the theory of evolution. Take the case of the
scorpions to which I have just referred. No
doubt, since the Carboniferous epoch, conditions
have always obtained, such as existed when the
gcorpions of that epoch flourished; conditions in
which scorpions find themselves better off, more
competent to deal with the difficulties in their way,
than any variation from the scorpion type which
they may have produced; and, for that reason, the
scorpion type has persisted, and has not been sup-
planted by any other form. And there is no rea-
son, in the nature of things, why, as long as this
world exists, if there be conditions more favourable
to scorpions than to any variation which may arise
from them, these forms of life should not persist.

Therefore, the stock objection to the hypothesis
of evolution, based on the long duration of certain
animal and vegetable types, is no objection at all.
The facts of this character—and they are numer-
ous—belong to that class of evidence which I have
called indifferent. That is to say, they may afford
no direct support to the doctrine of evolution, but
they are capable of being interpreted in perfect
consistency with it.

There is another order of facts belonging to the
class of negative or indifferent evidence. The
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great group of Lizards, which abound in the
present world, extends through the whole series
of formations as far back as the Permian, or latest
Palxozoic, epoch. These Permian lizards differ
astonishingly little from the lizards which exist
at the present day. Comparing the amount of
the differences between them and modern lizards,
with the prodigious lapse of time between the
Permian epoch and the present age, it may be
gaid that the amount of change is insignificant.
But, when we carry our researches farther back
in time, we find no trace of lizards, nor of any
true reptile whatever, in the whole mass of for-
mations beneath the Permian.

Now, it is perfectly clear that if our palaeonto-
logical collections are to be taken, even approxi-
mately, as an adequate representation of all the
forms of animals and plants that have ever lived;
and if the record furnished by the known series
of beds of stratified rock covers the whole series
of events which constitute the history of life on
the globe, such a fact as this directly contravenes
the hypothesis of evolution; because this hypoth-
esis postulates that the existence of every form
must have been preceded by that of some form
little different from it. Here, however, we have
to take into consideration that important truth
go well ingisted upon by Lyell and by Darwin—
the imperfection of the geological record. It can
be demonstrated that the geological record must
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be incomplete, that it can only preserve remains
found in certain favourable localities and under
particular conditions; that it must be destroyed
by processes of denudation, and obliterated by
processes of metamorphosis. Beds of rock of any
thickness crammed full of organic remains, may
yet, either by the percolation of water through
them, or by the influence of subterranean heat,
lose all trace of these remains, and present the ap-
pearance of beds of rock formed under conditions
in which living forms were absent. Such meta-
morphie rocks occur in formations of all ages;
and, in various cases, there are very good grounds
for the belief that they have contained organic
remains, and that those remains have been abso-
lutely obliterated.

I insist upon the defects of the geological
record the more because those who have not
attended to these matters are apt to say, “It is
all very well, but, when you get into a difficulty
with your theory of evolution, you appeal to the
incompleteness and the imperfection of the geo-
logical record; ” and I want to make it perfectly
clear to you that this imperfection is a great fact,
which must be taken into account in all our
speculations, or we shall constantly be going
wrong.

You see the singular series of footmarks, drawn
of its natural size in the large diagram hanging
up here (Fig. ?), which I owe to the kindness
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of my friend Professor Marsh, with whom I had
the opportunity recently of visiting the precise
locality in Massachusetts in which these tracks
occur. I am, therefore, able to give you my own
testimony, if needed, that the diagram accurately
represents what we saw. The valley of the Con-
necticut is classical ground for the geologist. It
contains great beds of sandstone, covering many
square miles, which have evidently formed a part
of an ancient sea-shore, or, it may be, lake-shore.
For a certain period of time after their deposition,
these beds have remained sufficiently soft to

D g B

F1a, 2 —TrACKS OF BRONTOZOUM,

receive the impressions of the feet of whatever
animals walked over them, and to preserve them
afterwards, in exactly the same way as such im-
pressions are at this hour preserved on the shores
of the Bay of Fundy and elsewhere. The dia-
gram represents the track of some gigantic
animal, which walked on its hind legs. You see
the series of marks made alternately by the right
and by the left foot; so that, from one impression
to the other of the three-toed foot on the same
gide, is one stride, and that stride, as we meas-
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ured it, is six feet nine inches. I leave you, there-
fore, to form an impression of the magnitude of
the creature which, as it walked along the ancient
shore, made these impressions.

Of such impressions there are untold thousands
upon these sandstones. Fifty or sixty different
kinds have been discovered, and they cover vast
areas. But, up to this present time, not a bone,
not a fragment, of any one of the animals which
left these great footmarks has been found; in
fact, the only animal remains which have been
met with in all these deposils, from the time of
their discovery to the present day—though they
have been carefully hunted over—is a fragmentary
skeleton of one of the smaller forms. What has
become of the bones of all these animals? You
see we are not dealing with little creatures, but
with animals that make a step of six feet nine
inches; and their remains must have been left
somewhere. The probability is, that they have
been dissolved away, and completely lost.

I have had occasion to work out the nature of
fossil remains, of which there was nothing left
except casts of the bones, the solid material of the
skeleton having been dissolved out by percolating
water. It was a chance, in this case, that the
sandstone happened to be of such a constitution
as to set, and to allow the bones to be afterward
dissolved out, leaving cavities of the exact shape
of the bones, Had that constitution been other
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than what it was, the bones would have been dis-
golved, the layers of sandstone would have fallen
together into one mass, and not the slightest indica-
tion that the animal had existed would have been
discoverable.

I know of no more striking evidence than these
facts afford, of the caution which should be used
in drawing the conclusion, from the absence of
organic remains in a deposit, that animals or plapts
did not exist at the time it was formed. I be-
Lieve that, with a right understanding of the doec-
trine of evolution on the one hand, and a just
estimation of the importance of the imperfection
of the geological record on the other, all difficulty
is removed from the kind of evidence to which I
have adverted ; and that we are justified in believ-
ing that all such cases are examples of what I
have designated negative or indifferent evidence
—that is to say, they in no way directly advance
the hypothesis of evolution, but they are not to be
regarded as obstacles in the way of our belief in
that doctrine.

I now pass on to the consideration of those
cases which, for reasons which I will point out to
you by and by, are not to be regarded as demon-
strative of the truth of evolution, but which are
such as must exist if evolution be true, and which
therefore are, upon the whole, evidence in favour
of the doctrine. If the doctrine of evolution be
true, it follows, that, however diverse the different
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groups of animals and of plants may be, they
must all, at one time or other, have been con-
nected by gradational forms; so that, from the
highest animals, whatever they may be, down to
the lowest speck of protoplasmic matter in which
life can be manifested, a series of gradations,
leading from one end of the series to the other,
either exists or has existed. Undoubtedly that is
a necessary postulate of the doctrine of evolution.
But when we look upon living Nature as it is, we
find a totally different state of things. We find
that animals and plants fall into groups, the
different members of which are pretty closely
allied together, but which are separated by
definite, larger or smaller, breaks, from other
groups. In other words, no intermediate forms
which bridge over these gaps or intervals are, at
present, to be met with.

To illustrate what I mean: Let me call your
attention to those vertebrate animals which are
most familiar to you, such as mammals, birds, and
reptiles. At the present day, these groups of
animals are perfectly well-defined from one
another. We know of no animal now living
which, in any sense, is intermediate between the
mammal and the bird, or between the bird and
the reptile; but, on the contrary, there are many
very distinet anatomical peculiarities, well-defined
marks, by which the mammal is separated from
the bird, and the bird from the reptile. The
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distinctions are obvious and striking if you com-
pare the definitions of these great groups as they
now exist.

The same may be said of many of the sub-
ordinate groups, or orders, into which these great
classes are divided. At the present time, for ex-
ample, there are numerous forms of non-rumi-
nant pachyderms, or what we may call broadly,
the pig tribe, and many varieties of ruminants.
These latter have their definite characteristics,
and the former have their distinguishing peculi-
arities. But there is nothing that fills up the gap
between the ruminants and the pig tribe. The
two are distinet. Such also is the case in respect
of the minor groups of the class of reptiles. The
existing fauna shows us crocodiles, lizards, snakes,
and tortoises; but no connecting link between the
crocodile and lizard, nor between the lizard and
snake, nor between the snake and the crocodile,
nor between any two of these groups. They are
separated by absolute breaks. If, then, it could
be shown that this state of things had always
existed, the fact would be fatal to the doctrine of
evolution. If the intermediate gradations, which
the doctrine of evolution requires to have existed
between these groups, are mot to be found any-
where in the records of the past history of the
globe, their absence is a strong and weighty
negative argument against evolution; while, on
the other hand, if such intermediate forms are to
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be found, that is so much to the good of evolu-
tion ; although, for reasons which I will lay before
you by and by, we must be cautious in our esti-
mate of the evidential cogency of facts of this
kind.

Tt is a very remarkable circumstance that, from
the commencement of the serious study of fossil
remains, in fact, from the time when Cuvier
began his brilhant researches upon those found in
the quarries of Montmartre, paleontology has
shown what she was going to do in this matter,
and what kind of evidence it lay in her power to
produce.

I said just now that, in the existing Fauna, the
group of pig-like animals and the group of rumi-
nants are entirely distinct; but one of the first of
Cuvier’s discoveries was an animal which he
called the Anoplotherium, and which proved to
be, in a great many important respects, inter-
mediate in character between the pigs, on the one
hand, and the ruminants on the other. Thus,
research into the history of the past did, to a
certain extent, tend to fill up the breach between
the group of ruminants and the group of pigs.
Another remarkable animal restored by the great
French paleontologist, the Paleotherium, similarly
tended to connect together animals to all appear-
ance so different as the rhinoceros, the horse, and
the tapir. Subsequent research has brought to
light multitudes of facts of the same order; and,
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at the present day, the investigations of such
anatomists as Rutimeyer and Gaudry have tended
to fill up, more and more, the gaps in our existing
series of mammals, and to connect groups formerly
thought to be distinct.

But I think it may have an especial interest if,
instead of dealing with these examples, which
would require a great deal of tedious osteological
detail, I take the case of birds and reptiles; groups
which, at the present day, are so clearly distin-
guished from one another that there are perhaps
1o classes of animals which, in popular apprehen-
sion, are more completely separated. Existing
birds, as you are aware, are covered with feathers;
their anterior extremities, specially and peculiarly
modified, are converted into wings by the aid of
which most of them are able to fly; they walk up-
right upon two legs; and these limbs, when they
are considered anatomically, present a great num-
ber of exceedingly remarkable peculiarities, to
which I may have occasion to advert incidentally
as I go on, and which are not met with, even ap-
proximately, in any existing forms of reptiles. On
the other hand, existing reptiles have no feathers.
They may have naked skins, or be covered with
horny scales, or bony plates, or with both. They
possess no wings; they neither fly by means of
their fore-limbs, nor habitually walk upright upon
their hind-limbs; and the bones of their legs pre-
sent no such modifications as we find in birds. It
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is impossible to imagine any two groups more defi-
nitely and distinctly separated, notwithstanding
certain characters which they possess in common.

As we trace the history of birds back in time,
we find their remains, sometimes in great abun-
dance, throughout the whole extent of the tertiary
rocks; but, so far as our present knowledge goes,
the birds of the tertiary rocks retain the same
essential characters as the birds of the present day.
In other words, the tertiary birds come within the
definition of the class constituted by existing birds,
and are as much separated from reptiles as existing
birds are. Not very long ago no remains of birds
had been found below the tertiary rocks, and I am
not sure but that some persons were prepared to
demonstrate that they could not have existed at an
earlier period. But, in the course of the last few
years, such remains have been discovered in Eng-
land ; though, unfortunately, in so imperfect and
fragmentary a condition, that it is impossible to
say whether they differed from existing birds in
any essential character or not. In your country
the development of the cretaceous series of rocks is
enormous; the conditions under which the later
cretaceous strata have been deposited are highly
favourable to the preservation of organic remains;
and the researches, full of labour and risk, which
have been carried on by Professor Marsh in these
cretaceous rocks of Western America, have re-
warded him with the discovery of forms of birds of
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which we had hitherto no coneeption. By his kind-
ness, I am enabled to place before you a restoration
of one of these extraordinary birds, every part of
which can be thoroughly justified by the more or
less complete skeletons, in a very perfect state of
preservation, which he has discovered. This Hes-
perornis (Fig. 3), which measured between five and
six feet in length, is astonishingly like our existing
divers or grebes in a great many respects; so like
them indeed that, had the skeleton of Hesperornis
been found in & museum without its skull, it proba-
bly would have been placed in the same group of
birds as the divers and grebes of the present day.*
But Hesperornis differs from all existing birds, and
so far resembles reptiles, in one important particu-
lar—it is provided with teeth. The long jaws are
armed with teeth which have curved crowns and
thick roots (Fig. 4), and are not set in distinet
sockets, but are lodged in a groove. In possessing
true teeth, the Hesperornis differs from every ex-
isting bird, and from every bird yet discovered in
the tertiary formations, the tooth-like serrations of
the jaws in the Odontopleryz of the London clay
being mere processes of the bony substance of the
jaws, and not teeth in the proper sense of the word.
In view of the characteristics of this bird we are

* The absence of any keel on the breast-bone and some
other osteological peculiarities, observed by Professor Marsh,
however, suggest that Hesperornis may be a modification of
a less specialised group of birds than that to which these
existing aquatic birds belong.
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therefore obliged to modify the definitions of the
classes of birds and reptiles. Before the discovery

Fi. 8.—HEsPERORNIS REGALIS (Marsh).

of Hesperornis, the definition of the class Aves
based upon our knowledge of existing birds might



F16. 4—HESPERORNIS REGALIS (Marsh).

(Side and upper views of half the lower jaw ; side and end views
of a vertebra and a separate tooth.)
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have been extended to all birds; it might have
been said that the absence of teeth was character-
istic of the class of birds; but the discovery of an
animal which, in every part of its skeleton, closely
agrees with existing birds, and yet possesses teeth,
shows that there were ancient birds which, in
respect of possessing teeth, approached reptiles
more nearly than any existing bird does, and, to
that extent, diminishes the hiatus between the two
classes.

The same formation has yielded another bird,
Ichihgyornis (Fig. 5), which also possesses teeth;
but the teeth are situated in distinet sockets, while
those of Hesperornis are not so lodged. The lat-
ter also has such very small, almost rudimentary
wings, that it must have been chiefly a swimmer
and a duver like a Penguin; while Ichthyornis has
strong wings and no doubt possessed correspond-
ing powers of flight. Ichthyornis also differed in
the fact that its vertebrs have mot the peculiar
characters of the vertebrse of existing and of all
known tertiary birds, but were concave at each
end. This discovery leads us to make a further
modification in the definition of the group of
birds, and to part with another of ihe characters
by which almost all existing birds are distin-
guished from reptiles.

Apart from the few fragmentary remains from
the English greensand, to which I have referred,
the Mesozoic rocks, older than those in which
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(Side and upper views of half the lower jaw; and sde and end
views of a vertebra.)
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Hesperornis and Ichthyornis have been discovered,
have afforded no certain evidence of birds, with
the remarkable exception of the Solenhofen slates.
These so-called slates are composed of a fine-
grained calcareous mud which has hardened into
lithographic stone, and in which organic remains
are almost as well preserved as they would be if
they had been imbedded in so much plaster of
Paris. They have yielded the Archaopleryz, the
existence of which was first made known by the
finding of a fossil feather, or rather of the impres-
gion of one. It 18 wonderful enough that such a
perishable thing as a feather, and nothing more,
should be discovered; yet, for a long time, nothing
was known of this bird except its feather. But
by and by a solitary skeleton was discovered which
is now in the British Museum. The skull of this
solitary specimen is unfortunately wanting, and it
is therefore uncertain whether the Archeopteryz
possessed teeth or not.* But the remainder of the
skeleton is so well preserved as to leave no doubt
respecting the main features of the animal, which
are very singular. The feet are not only alto-
gether bird-like, but have the special characters of
the feet of perching birds, while the body had a
clothing of true feathers. Nevertheless, in some
other respects, Arch@opteryz is unlike a bird and
like a reptile. There is a long tail composed of

. ¥ A second specimen, discovered in 1877, and at present
in the Berlin museum, shows an excellentlg reserved skull
with teeth; and three digits, all terminate Ey claws, 1n the
fore limb, 1893,
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many vertebre. The structure of the wing differs
in some very remarkable respects from that which
it presents in a true bird. In the latter, the end
of the wing answers to the thumb and two fingers
of my hand; but the metacarpal bones, or those
which answer to the bones of the fingers which lie
in the palm of the hand, are fused together into
one mass; and the whole apparatus, except
the last joints of the thumb, is bound up in
a sheath of integument, while the edge of the
hand carries the principal quill-feathers. In the
Archeopteryz, the upper-arm bone is like that of
a bird; and the two bones of the forearm are
more or less like those of a bird, but the fingers
are not bound together—they are free. What
their number may have been is uncertain; but sev-
eral, if not all, of them were terminated by strong
curved claws, not like such as are sometimes found
in birds, but such as reptiles possess; so that, in
the Archeopieryr, we have an animal which, to
a certain extent, occupies a midway place between
a bird and a reptile. It is a bird so far as its
foot and sundry other parts of its skeleton are
concerned; it is essentially and thoroughly a
bird by its feathers; but it is much more prop-
erly a reptile in the fact that the region which
represents the hand has separate bones, with
claws resembling those which terminate the fore-
limb of a reptile. Moreover, it has a long rep-
tile-like tail with a fringe of feathers on each
gide; while, in all true birds hitherto kmown,
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the tail is relatively short, and the vertebree which
constitute its skeleton are generally pecuharly
modified.

Like the Anoplotherium and the Palmotherium,
therefore, Archeopteryr tends to fill up the inter-
val between groups which, in the existing world,
are widely separated, and to destroy the value of
the defimitions of zoblogical groups based upon our
knowledge of existing forms. And such cases as
these constitute evidence in favour of evolution,
in so far as they prove that, in former periods of
the world’s history, there were animals which
overstepped the bounds of existing groups, and
tended to merge them into larger assemblages.
They show that animal organisation is more flexi-
ble than our knowledge of recent forms might
have led us to believe; and that many structural
permutations and combinations, of which the pres-
ent world gives us no indication, may nevertheless
have existed.

But it by no means follows, because the Paleo-
therium has much in common with the horse, on
the one hand, and with the rhinoceros on the
other, that it is the intermediate form through
which rhinoceroses have passed to become horses,
or vice versd; on the contrary, any such supposition
would certainly be erroneous. Nor do I think it
likely that the transition from the reptile to the
bird has been effected by such a form as Arche-
opteryz. And it is convenient to distinguish these
intermediate forms between two groups, which do
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not represent the actual passage from the one
group to the other, as intercalary types, from those
linear types which, more or less approximately, in-
dicate the nature of the steps by which the transi-
tion from one group to the other was effected.

T conceive that such linear forms, constituting
a series of natural gradations between the reptile
and the bird, and enabling us to understand the
manner in which the reptilian has been metamor-
phosed into the bird type, are really to be found
among a group of ancient and extinct terrestrial
reptiles known as the Ornithoscelida. The re-
mains of these animals occur throughout the series
of mesozoic formations, from the Trias to the
Chalk, and there are indications of their existence
even in the later Palxozoic strata.

Most of these reptiles, at present known, are of
great size, some having attained a length of forty
feet or perhaps more. The majority resembled
lizards and crocodiles in their general form, and
many of them were, like crocodiles, protected by
an armour of heavy bony plates. But, in others,
the hind limbs elongate and the fore limbs shorten,
until their relative proportions approach those
which are observed in the short-winged, flightless,
ostrich tribe among birds.

The skull is relatively light, and in some cases
the jaws, though bearing teeth, are beak-like at
their extremities and appear to have been envel-
oped in a horny sheath. In the part of the verte-
bral column which lies between the haunch bones



104 LECTURES ON EVOLUTION o1

and is called the sacrum, a number of vertebra
may unite together into one whole, and in this re-
spect, as in some details of its structure, the sa-
crum of these reptiles approaches that of birds.

But it is in the structure of the pelvis and of
the hind limb that some of these ancient reptiles
present the most remarkable approximation to
birds, and clearly indicate the way by which the
most specialised and characteristic features of the
bird may have been evolved from the correspond-
ing parts of the reptile.

In Fig. 6, the pelvis and hind limbs of a croco-
dile, a three-toed bird, and an ornithoscelidan are
represented side by side; and, for facility of com-
parison, in corresponding positions; but it must
be recollected that, while the position of the
bird’s limb is natural, that of the crocodile is not
so. In the bird, the thigh bone lies close to the
body, and the metatarsal bones of the foot (ii.,
iii., iv., Fig. 6) are, ordinarily, raised into a more
or less vertical position; in the crocodile, the thigh
bone stands out at an angle from the body, and
the metatarsal bones (i, ii., iii., iv., Fig. 6) Le flat
on the ground. Hence, in the crocodile, the body
usually lies squat between the legs, while, in the
bird, it is raised upon the hind legs, as upon
pillars.

In the crocodile, the pelvis is obviously com-
posed of three bones on each side: the ilium (I7.),
the pubis (Pb.), and the ischium (Is.). In the
adult bird there appears td be but one bone on
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each side. The examination of the pelvis of a
chick, however, shows that each half is made up
of three bones, which answer to those which re-
main distinet throughout life in the crocodile.
There is, therefore, a fundamental identity of plan
in the construction of the pelvis of both bird and
reptile; though the difference in form, relative
size, and direction of the corresponding bones in
the two cases are very great.

But the most striking contrast between the
two lies in the bones of the leg and of that part of
the foot termed the tarsus, which follows upon the
leg. In the crocodile, the fibula (¥) is relatively
large and its lower end is complete. The tibia (7')
has no marked crest at its upper end, and its lower
end is narrow and not pulley-shaped. There are
two rows of separate tarsal bones (4s., Ca., &c.)
and four distinct metatarsal bones, with a rudi-
ment of a fifth.

In the bird, the fibula is small and its lower
end diminishes to a point. The tibia has a strong
crest at its upper end and its lower extremity
passes into a broad pulley. There seem at first to
be no tarsal bones; and only one bone, divided at
the end into three heads for the three toes which
are attached to it, appears in the place of the
metatarsus.

In the young bird, however, the pulley-shaped
apparent end of the tibia is a distinet bone, which
represents the bones marked 4s., Ca., in the croco-
dile; while the apparently single metatarsal bone’
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consists of three bones, which early unite with one
another and with an additional bone, which repre-
sents the lower row of bones in the tarsus of the
crocodile.

In other words, it can be shown by the study
of development that the bird’s pelvis and hind
limb are simply extreme modifications of the same
fundamental plan as that upon which these parts
are modelled in reptiles.

On comparing the pelvis and hind limb of the
ornithoscelidan with that of the crocodile, on the
one side, and that of the bird, on the other (Fig.
6), it is obvious that it represents a middle term
between the two. The pelvic bones approach the
form of those of the birds, and the direction of the
pubis and ischium is nearly that which is charac-
teristic of birds; the thigh bone, from the direc-
tion of its head, must have lain close to the body;
the tibia has a great crest; and, immovably fitted
on to its lower end, there is a pulley-shaped bone,
like that of the bird, but remaining distinct. The
lower end of the fibula is much more slender,
proportionally, than in the crocodile. The meta-
tarsal bones have such a form that they fit to-
gether immovably, though they do not enter into
bony union; the third toe is, as in the bird, long-
est and strongest. In fact, the ornithoscelidan
limb is comparable to that of an unhatched chick.

Taking all these facts together, it is obvious
that the view, which was entertained by Mantell
and the probability of which was demonstrated by
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your own distinguished anatomist, Leidy, while
much additional evidence in the same direction

has been furnished by Professor Cope, that some
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of these animals may have walked upon their hind
legs as birds do, acquires great weight. In fact,
there can be no reasonable doubt that one of the
smaller forms of the Ornithoscelida, Compsogna-
thus, the almost entire skeleton of which has heen
discovered in the Solenhofen slates, was a bipedal
animal. The parts of this skeleton are somewhat

e, 7.~RESTORATION OF CoMPSOGNATHUS LoONGIPES.

twisted out of their natural relations, but the ac-
companying figure gives a just view of the gen-
eral form of Compsognathus and of the propor-
tions of its limbs; which, in some respects, are
more completely bird-like than those of other
Ornathoscelida.
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We have had to stretch the definition of the
class of birds so as to include hirds with teeth
and birds with paw-like fore limbs and long tails.
There is no evidence that Compsognathus possessed
feathers; but, if 1t did, it would be hard indeed to
say whether it should be called a reptilian bird or
an avian reptile.

As Compsognathus walked upon its hind legs,
it must have made tracks like those of birds. And
as the structure of the limbs of several of the
gigantic Ornithoscelida, such as Iguanodon, leads
to the conclusion that they also may have con-
stantly, or occasionally, assumed the same attitude,
a peculiar interest attaches to the fact that, in the
Wealden strata of Bngland, there are to be found
gigantic footsteps, arranged in order like those of
the Brontozoum, and which there can be no reason-
able doubt were made by some of the Ornithosce-
lida, the remains of which are found in the same
rocks. And, knowing that reptiles that walked
upon their hind legs and shared many of the ana-
tomical characters of birds did once exist, it be-
comes a very important question whether the
tracks in the Trias of Massachusetts, to which I
referred some time ago, and which formerly used
to be unhesitatingly ascribed to birds, may not all
have been made by ornithoscelidan reptiles; and
whether, if we could obtain the skeletons of the
animals which made these tracks, we should
not find in them the actual steps of the evo-



110 LECTURES ON EVOLUTION m

lutional process by which reptiles gave rise to
birds.

The evidential value of the facts I have
brought forward in this Lecture must be neither
over nor under estimated. It is not historical
proof of the occurrence of the evolution of birds
from reptiles, for we have no safe ground for as-
suming that true birds had not made their appear-
ance at the commencement of the Mesozoic epoch.
It is, in fact, quite possible that all these more or
less avi-form reptilesof the Mesozoic epochs are not
terms in the series of progression from birds to
reptiles at all, but simply the more or less modi-
fied descendants of Paleozoic forms through
which that transition was actually effected.

We are not in a position to say that the known
Ornithoscelida are intermediate in the order of
their appearance on the earth between reptiles and
birds. All that can be said is that, if independent
evidence of the actual occurrence of evolution is
producible, then these intercalary forms remove
every difficulty in the way of understanding what
the actual steps of the process, in the case of birds,
may have been.

That intercalary forms should have existed in
ancient times is a necessary consequence of the
truth of the hypothesis of evolution; and, hence,
the evidence I have laid before you in proof of
the existence of such forms, is, so far as it goes,
in favour of that hypothesis.
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There is another series of extinct reptiles
which may be said to be intercalary between rep-
tiles and birds, in so far as they combine some
of the characters of both these groups; and which,
as they possessed the power of flight, may seem,
at first sight, to be nearer representatives of the
forms by which the transition from the rep-
tile to the bird was effected, than the Ornithosce-
lida.

These are the Pterosauria, or Pterodactyles,
the remains of which are met with throughout the
series of Mesozoic rocks, from the lias to the chalk,
and some of which attained a great size, their
wings having a span of eighteen or twenty feet.
These animals, in the form and proportions of the
head and neck relatively to the body, and in the
fact that the ends of the jaws were often, if not al-
ways, more or less extensively ensheathed in horny
beaks, remind us of birds. Moreover, their hones
contained air cavities, rendering them specifically
lighter, as is the case in most birds. The breast
bone was large and keeled, as in most birds and in
bats, and the shoulder girdle is strikingly similar
to that of ordinary birds. But, it seems to me,
that the special resemblance of pterodactyles to
birds ends here, unless I may add the entire
absence of teeth which characterises the great
pterodactyles (Pteranodon) discovered by Professor
Marsh. All other known pterodactyles have teeth
lodged in sockets. In the vertebral column and
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the hind limbs there are no special resemblances
to birds, and when we turn to the wings they are
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found to be constructed on a totally different prin-
ciple from those of birds.
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There are four fingers. These four fingers are
large, and three of them, those which answer to
the thumb and two following fingers in my hand
—are terminated by claws, while the fourth is
enormously prolonged and converted into a great
jointed style. You see at once, from what I have
stated about a bird’s wing, that there could be
nothing less like a bird’s wing than this is. It was
concluded by general reasoning that this finger
had the office of supporting a web which extended
between it and the body. An existing specimen
proves that such was really the case, and that the
pterodactyles were devoid of feathers, but that the
fingers supported a vast web like that of a bat’s
wing; in fact, there can be no doubt that this an-
cient reptile flew after the fashion of a bat.

Thus, though the pterodactyle is a reptile
which has become modified in such a manner as
to enable it to fly, and therefore, as might be
expected, presents some points of resemblance to
other animals which fly; it has, so to speak, gone
off the line which leads directly from reptiles to
birds, and has become disqualified for the changes
which lead to the characteristic organisation of the
latter class. Therefore, viewed in relation to the
classes of reptiles and birds, the pterodactyles ap-
pear to me to be, in a limited semse, intercalary
forms; but they are not even approximately linear,
in the sense of exemplifying those modifications
of structure through which the passage from the
reptile to the bird took place.

97
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THE DEMONSTRATIVE EVIDENCE OF EVOLUTION

THEE occurrence of historical facts is said to be
demonstrated, when the evidence that they hap-
pened is of such a character as to render the as-
sumption that they did not happen in the highest
degree improbable; and the question I now have
to deal with is, whether evidence in favour of the
evolution of animals of this degree of cogency is,
or is not, obtainable from the record of the suc-
cession of living forms which is presented to wus
by fossil remains.

Those who have attended to the progress of
paleontology are aware that evidence of the char-
acter which I have defined has been produced in
considerable and continually-increasing quantity
during the last few years. Indeed, the amount
and the satisfactory nature of that evidence are
somewhat surprising, when we consider the con-
ditions under which alone we can hope to ob-
tain it.

114
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It is obviously useless to seek for such evidence
except in localities in which the physical condi-
tions have been such as to permit of the deposit
of an unbroken, or but rarely interrupted, series of
strata through a long period of time; in which the
group of amimals fo be investigated has existed in
such abundance as to furnish the requisite supply
of remains; and in which, finally, the materals
composing the strata are such as to ensure the
preservation of these remains in a tolerably per-
fect and undisturbed state.

It so happens that the case which, at present,
most nearly fulfils all these conditions is that of
the series of extinet animals which culminates in
the horses; by which term I mean to denote not
merely the domestic animals with which we are all
so well acquainted, but their allies, the ass, zebra,
quagga, and the like. In short, I use “horses?”
as the equivalent of the technical name Fgquide,
which is applied to the whole group of existing
equine animals.

The horse is in many ways a remarkable
animal; not least so in the fact that it presents
us with an example of one of the most perfect
pieces of machinery in the living world. In truth,
among the works of human ingenuity it cannot be
said that there is any locomotive so perfectly
adapted to its purposes, doing so much work with
go small a quantity of fuel, as this machine of
nature’s manufacture—the horse. And, as a ne-
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cessary consequence of any sort of perfection, of
mechanical perfection as of others, you find that
the horse is a beautiful creature, one of the most
beautiful of all land-animals. TLook at the perfect
balance of its form, and the rhythm and force of
its action. The locomotive machinery is, as you
are aware, resident in its slender fore and hind
limbs; they are flexible and elastic levers, capable
of being moved by very powerful muscles; and,
in order to supply the engines which work these
levers with the force which they expend, the horse
is provided with a very perfect apparatus for
grinding its food and extracting therefrom the
requisite fuel.

Without attempting to take you very far into
the region of osteological detail, I must never-
theless trouble you with some statements respect-
ing the anatomical structure of the horse; and,
more especially, will it be needful to obtain a
general conception of the structure of its fore and
hind limbs, and of its teeth. But I shall only
touch upon those points which are absolutely es-
sential to our inquiry.

Let us turn in the first place to the fore-limb.
In most quadrupeds, as in ourselves, the fore-arm
containg distinet bones called the radius and the
ulna. The corresponding region in the horse
seems at first to possess but one bone. Careful
observation, however, enables us to distinguish in
this bone a part which clearly answers to the upper
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end of the ulna. This is closely united with the
chief mass of the bone which represents the radius,
and runs out into a slender shaft which may be
traced for some distance downwards upon the back
of the radius, and then in most cases thins out and
vanishes. It takes still more trouble to make sure
of what is nevertheless the fact, that a small part
of the lower end of the bone of the horse’s fore
arm, which is only distinct in a very young foal,
is really the lower extremity of the ulna.

What is commonly called the knee of a horse
is its wrist. The “ cannon bone” answers to the
middle bone of the five metacarpal bhones, which
support the palm of the hand in ourselves. The
“ pastern,” “coronary,” and coffin” bones of
veterinarians answer to the joints of our middle
fingers, while the hoof is simply a greatly enlarged
and thickened mnail. But if what lies below the
horse’s “knee” thus corresponds to the middle
finger in ourselves, what has become of the four
other fingers or digits? We find in the places of
the second and fourth digits only two slender
splint-like bones, about two-thirds as long as the
cannon bone, which gradually taper to their lower
ends and bear no finger joints, or, as they are
termed, phalanges. Sometimes, small bony or
gristly nodules are to be found at the bases of
these two metacarpal splints, and it is probable
that these represent rudiments of the first and
fifth toes. Thus, the part of the horse’s skeleton,
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which corresponds with that of the human hand,
contains one overgrown middle digit, and at least
two imperfect lateral digits; and these answer, re-
spectively, to the third, the second, and the fourth
fingers in man.

Corresponding modifications are found in the
hind limb. In ourselves, and in most quadrupeds,
the leg contains two distinct bones, a large bone,
the tibia, and a smaller and more slender bone,
the fibula. But, in the horse, the fibula seems,
at first, to be reduced to its upper end; a short
slender bone united with the tibia, and ending 1
a point below, occupying its place. Examination
of the lower end of a young foal’s shin bone, how-
ever, shows a distinct portion of osseous matter,
which is the lower end of the fibula; so that the
apparently single, lower end of the shin bone is
really made up of the coalesced ends of the tibia
and fibula, just as the, apparently single, lower
end. of the fore-arm hone is composed of the coa-
lesced radius and ulna.

The heel of the horse is the part commonly
known as the hock. The hinder cannon bone
answers to the middle metatarsal bone of the hu-
man foot, the pastern, coronary, and coffin bones,
to the middle toe bones; the hind hoof to the
nail; as in the fore-foot. And, as in the fore-foot,
there are merely two splints to represent the sec-
ond and the fourth toes. Sometimes a rudiment
of & fifth toe appears to be traceable.
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The teeth of a horse are not less peculiar than
its limbs. The living engine, like all others, must
be well stoked if it is to do its work; and the
horse, if it is to make good its wear and tear, and
to exert the enormous amount of force required
for its propulsion, must be well and rapidly fed.
To this end, good cutting instruments and power-
ful and lasting crushers are needful. According-
ly, the twelve cutting teeth of a horse are close-
set and concentrated in the fore-part of its mouth,
like so many adzes or chisels. The grinders or
molars are large, and have an extremely compli-
cated structure, being composed of a number of
different substances of unequal hardmess. The
consequence of this is that they wear away at
different rates; and, hence, the surface of each
grinder is always as uneven as that of a good mill-
stone.

I have said that the structure of the grinding
teeth is very complicated, the harder and the
softer parts being, as it were, interlaced with one
another. The result of this is that, as the tooth
wears, the crown presents a peculiar pattern, the
nature of which is not very easily deciphered at
first; but which it is important we should under-
stand clearly. Each grinding tooth of the upper
jaw has an outer wall so shaped that, on the worn
crown, it exhibits the form of two crescents, one
in front and one behind, with their concave sides
turned outwards. From the inner side of the
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front crescent, a crescentic front ridge passes in-
wards and backwards, and its inner face enlarges
into a strong longitudinal fold or pillar. From
the front part of the hinder crescent, a back ridge
takes a like direction, and also has its pillar.

The deep interspaces or valleys between these
ridges and the outer wall are filled by bony sub-
stance, which is called cement, and coats the whole
tooth.

The pattern of the worn face of each grinding
tooth of the lower jaw is quite different. It ap-
pears to be formed of two crescent-shaped ridges,
the convexities of which are turned outwards.
The free extremity of each crescent has a pillar,
and there is a large double pillar where the two
crescents meet. The whole structure is, as it
were, imbedded in cement, which fills up the val-
leys, as in the upper grinders.

If the grinding faces of an upper and of a
lower molar of the same side are applied together,
it will be seen that the opposed ridges are mno-
where parallel, but that they frequently cross; and
that thus, in the act of mastication, a hard surface
in the one is constantly applied to a soft surface
in the other, and wice versd. They thus constitute
a grinding apparatus of great efficiency, and one
which is repaired as fast as it wears, owing to the
long-continued growth of the teeth.

Some other peculiarities of the dentition of the
horse must be noticed, as they bear upon what I
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shall have to say by and by. Thus the crowns of
the cutting teeth have a peculiar deep pit, which
gives rise to the well-known “ mark * of the horse.
There is a large space between the outer incisers
and the front grinder. In this space the adult
male horse presents, near the incisors on each
side, above and below, a canine or “tush,” which
is commonly absent in mares. In a young horse,
moreover, there is not unfrequently to be seen in
front of the first grinder, a very small tooth, which
soon falls out. If this small tooth be counted
ag one, it will be found that there are seven teeth
behind the canine on each side; namely, the small
tooth in question, and the six great grinders,
among which, by an unusual peculiarity, the fore-
most tooth is rather larger than those which fol-
low it.

I have now enumerated those characteristic
structures of the horse which are of most impor-
tance for the purpose we have in view.

To any one who is acquainted with the mor-
phology of vertebrated animals, they show that
the horse deviates widely from the general
structure of mammals; and that the horse type
is, in many respects, an extreme modification of
the general mammalian plan. The least modified
mammals, in fact, have the radius and ulna, the
tibia and fibula, distinct and separate. They
have five distinet and complete digits on each
foot, and no one of these digits is very much
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larger than the rest. Moreover, in the least modi-
fied mammals, the total number of the teeth is
very generally forty-four, while in horses, the
usual number is forty, and in the absence of the
canines, it may be reduced to thirty-six; the in-
cisor teeth are devoid of the fold seen in those
of the horse: the grinders regularly diminish in
gize from the middle of the series to its front
end; while their crowns are short, early attain
their full length, and exhibit simple ridges or
tubercles, in place of the complex foldings of the
horse’s grinders.

Hence the general principles of the hypothesis
of evolution lead to the conclusion that the horse
must have been derived from some quadruped
which possessed five complete digits on each foot;
which had the bones of the fore-arm and of the
leg complete and separate; and which possessed
forty-four teeth, among which the crowns of the
incisors and grinders had a simple structure; while
the latter gradually increased in size from before
backwards, at any rate in the anterior part of the
series, and had short crowns.

And if the horse has been thus evolved, and
the remains of the different stages of its evolution
have been preserved, they ought to present us
with a series of forms in which the number of the
digits becomes reduced; the bones of the fore-arm
and leg gradually take on the equine condition;
and the form and arrangement of the teeth suc-
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cessively approximate to those which obtain in ex-
isting horses.

Let us turn to the facts, and see how far they
fulfil these requirements of the doctrine of evolu-
tion.

In Europe abundant remains of horses are
found in the Quaternary and later Tertiary strata
as far as the Pliocene formation. But these
horses, which are so common in the cave-deposits
and in the gravels of Europe, are in all essential
respects like existing horses. And that is true of
all the horses of the latter part of the Pliocene
epoch. But, in deposits which belong to the ear-
lier Pliocene and later Miocene epochs, and which
occur in Britain, in France, in Germany, in
Greece, in India, we find animals which are
extremely like horses—which, in fact, are so
similar to horses, that you may follow descriptions
given in works upon the anatomy of the horse
upon the skeletons of these animals—but which
differ in some important particulars. For example,
the structure of their fore and hind limbs is
somewhat different. The bones which, in the
horse, are represented by two splints, imperfect
below, are as long as the middle metacarpal and
metatarsal bones; and, attached to the extremity
of each, is a digit with three joints of the same
general character as those of the middle digit,
only very much smaller. These small digits are
so disposed that they could have had but very
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little functional importance, and they must have
been rather of the nature of the dew-claws, such
as are to be found in many ruminant animals.
The Hipparion, as the extinct European three-
toed horse is called, in fact, presents a foot similar
to that of the American Profohippus (Fig. 9),
except that, in the Hipparion, the smaller digits
are situated farther back, and are of smaller pro-
portional size, than in the Profohippus.

The ulna is slightly more distinct than in the
horse; and the whole length of it, as a very
slender shaft, intimately united with the radius,
is completely traceable. The fibula appears to
be in the same condition as in the horse. The
teeth of the Hipparion are essentially similar
to those of the horse, but the pattern of the
grinders is in some respects a little more com-
plex, and there is a depression on the face of
the skull in front of the orbit, which is not seen
in existing horses.

In the earlier Miocene, and perhaps the later
Eocene deposits of some parts of Europe, another
extinet animal has been discovered, which Curvier,
who first described some fragments of it, con-
sidered to be a Paleotherium. But as further
discoveries threw new light upon its structure,
it was recognised as a distinet genus, under the
name of Anchitherium.

In its general characters, the skeleton of Anchi-
therium is very similar to that of the horse. In
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fact, Lartet and De Blainville called it Paleo-
therium equinum or hippoides; and De Christol,
in 1847, said that it differed from Hipparion in
little more than the characters of ifs teeth, and
gave it the name of Hipparitherium. Each foot
possesses three complete toes; while the lateral
toes are much larger in proportion to the middle
toe than in Hipparion, and doubtless rested on the
ground in ordinary locomotion.

The ulna is complete and quite distinet from
the radius, though firmly umted with the latter.
The fibula seems also to have been complete.
Its lower end, though intimately united with that
of the tibia, is clearly marked off from the latter
bone.

There are forty-four teeth. The incisors have
no strong pit. The canines seem to have been
well developed in both sexes. The first of the
seven grinders, which, as I have said, is frequently
absent, and, when it does exist, is small in the
horse, is a good-sized and permanent tooth, while
the grinder which follows it is but little larger
than the hinder ones. The crowns of the grinders
are short, and though the fundamental pattern of
the horse-tooth is discernible, the front and back
ridges are less curved, the accessory pillars are
wanting, and the valleys, much shal