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PREFACE

Tris book is written for those who have not yet read any ‘connected

account of Evolution. Many technical matters have, therefore, been

sacrificed to the primary objects of simplicity and clearness. There arée

plenty of books on this important subject to be read by the more .
advanced student, and a list of these is given at the end of the present

work. .

The doctrine of Evolution does not explain everything : many things
will become clearer when the investigation of the world has been carried
to a sufficiently advanced stage. Still, the teaching of Evolution has -
done more to clear up the mysteries of life than has any previous view
of the origin of things, And it is a- striking fact that every new’
discovery in regard to plants and animals helps to show that the theory
of Evolution is the true and na.tural account of the world and all lts
inhabitants, ~ - - . '

When we try to give a popular sta,tement of Evolutxon, we are met
by two difficulties—first, the overwhelmmg number of facts which go to
prove the truth of the doctrine ; second the many hard words used by '
scientific men. : - CoT : :

It must always be borne in mind that in this outlme Iam not able’
to furnish one-tenth of the facts on whlch the doctrme of Evolutlon is
based. : ‘ o
As for the words, I havé explained all those of a specxal character A
which I have been compelled to use. If the student who may still -
have some doubts as to the meanings will carefully read, three or four
chapters aided by a dictionary, he will soon find his difficulties dlsappear.

Thanks are due to several firms of publishers, including Messrs.
Macmillan & Co., Messrs. Kegan Paul & Co., Messts. Longmans,
Green, & Co., and Messrs. Cassell & Co., for permission to reproduce/
various illustrations appearing in this volume. -

DenNig 4HIRD.7
Bletchley, April, 1903.



AN EASY OUTLINE OF EVOLUTION

INTRODUCTION

IN order to make our subject easier, it is
well to explain some words.

We are to deal with the facts of
science. Science (from the Latin scive,
to know) is the knowledge of the order
of nature, as found out by observation,
experiment, and reason. - )

* Professor Ray Lankester puts it thus:
“ Science is that knowledge which enables
us to demonstrate, 'so far as our limited
faculties - permit, that the appearances
which we recognise in the world around
us are dependent in definite ways on
certain properties of matter ; science is
that knowledge which enables, or tends
to enable, us to assign to its ‘true place
in' the series of events constituting the
universe . any and every. thing we can
perceive.’

This may be put more briefly : Science
is the knowledge of the laws governing
the forces of nature. Or: Science is
exact knowledge.

Substance is another word for the
matter of which all things are made. It
has the properties of extension, inertia,
weight, motion, etc.

- Law is a generalised, arranged state-
ment of facts—a general rule, or constant
mode of action of forces or phenomena.

A phenomenon at first simply meant
anything manifest to the senses. The
plural is phenomena, and the word is
used to include all the objects, and
motions, and changes which make up
the universe. Phenomena are the only
things we can know, Anything not a
phenomenon would lie outside the range
of man’s experience and reason, and

~ 4 B
could not, therefore, be known to him.
Some philosophers divide all things into
the phenomenal and the 7ea/, What
the real is we have no means of knowing,
because, if it is something different from
phenomena, it is outside of human expe--
rience. Perhaps Dr. Paul Carus is right
when he says “the phenomenal is real.”
At any rate, it is the real for us, who
know and can know nothing else. By
some thinkers all phenomena have been
reduced to matter and motion, or matter
and energy. ' Of the “7ea/” nature of
matter and energy we know nothing yet.

But it has been found that neither
matter nor energy can ever be destroyed.
So that we know that matter and energy
never had a beginning, and cannot have
an end.

This 1mporta.nt truth is often.- called
the indestructibility of matter and the
persistence of force. Force is another
word for energy. But some writers use,
force for the power which drives the
particles of matter together, and energy
for the power which drives them apart.
If we adopt this distinction, then force is
said to be centripetal (making to a
centre), and energy is said to be centri-
fugal makmg Jrom the centre).

As a rule, we know matter in the
mass, or, as we say, in large pieces or
forms. These forms are made up of
very small bodies, called molecules, and
the molecules are made up of atoms.

Molecule (from molecula, a little mass)
is the smallest quantity into which the
mass of any substance can be physically
divided and retain its characteristic
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properties, or the smallest quantity that
can exist_in'a free-state. A molecule
may be ckemically separated into two or
more atoms. -
The integrity and propertles of a sub-
stance reside in its molecules,
-~ Molecular means that which belongs
to or is made up of molecules. .
_Molecular motion is the ‘movement of |
the molecules of a substance within that
substance.
Atom (what cannot be divided : from
a, not ; lemno, 1 cut) is the smallest unit
of an element that part of a substance
incapable of Turther ‘division, or- the
“ smallest part which can enter a chemical
" compound, or unité with another atom
‘to form a molecule. - = . ..
- Atomic is of or belongmg to atoms.
Atomlcny is the chemigcal power of an’
-atom, ' -
* Certain substances are called elements.
" An' element (from - elmentum, a- first
principle) in ckemsstry is a body which
cannot - be decomposed into simpler
substances. The " recognised elements
"now number about seventy-three, such as
hydrogen, oxygen, iron, lead, etc. ~
In ancient times men thought there
were_ four elements——earth, air, fire, and
- water ; -but none of these.are elements,
Now, elements have different chemical
powers—that is, when- they combine with

one another to form molecules they have

dlﬂ”erent capacmes A

- Hydrogen is an element Wlth the
Jowest combining power, so its power is
represented by one; oxygen, compared
with hydrogen, has twice this power, and
-s0 is represented. by two; carbon is
represented by four ; and so forth,

* If we think of these powers acting like
hands, we may understand “it better.
Oxygen ~has “two - hands;. so;” when it
“combines . with hydrogen, one atom of
oxygeri joins with two atoms of hydrogen.
This is how water is formed. If we have
fifty atoms of oxygen and one hundred
of hydrogen in a vessel, and cause them
to unite, then water is formed. =~

The science which .treats “of the laws
by which the molecules and atoms are

governed is talled chemistry, All the
familiar things we use—as sugar, fats,
eggs, fruit—are made up of molecules
which contain atoms . of the different
elements arranged in many ways. This
is a most important science if we wish to
understand the nature and action of
matter; and, with physics, it chiefly
helps us to explain the basis of intelli-
gence and the origin of life.

The word *chemistry” appears to
come from the name of the Egyptian
god Khem. He was the god of genera-
tion, productiveness, and vegetation,
He was also the god of simple and
curative herbs. The words “chemistry ”
and “chemist” have thus come to us

-} from Egypt, first through the Arabic and

+then through the Spanish, the Arabs
having adopted the word in Egypt and
transmitted it through -the Moors _to
Spam :

In biology (the science of living
things, from é&ios, life) elements mean
the smallest structures of a tissue which
can be seen by the aid of a microscope.
The word *tissue” means-any web-like
structure. . Or the term * tissue ” may be
applied to a mass of similar cells. This
mass_may. be without any well-defined
form ; but, if. cut in any direction, it is
found to be made up of a number of
cells.

- Atmosphere (from a#mos, vapour ; and
sp/za:ra, a sphere) is the mixture of gases,
vapour of water, and other suspended
‘matters’ surrounding the earth as an
elastic’ fluid envelope to the height of
about two hundred miles. We- com-
monly speak of the atmosphere as the

Functlon (from fzmgvr,-l perform) is
the usual or special action of a tissue,
organ, or parts of the body. Functional
is that which belongs to the- special
action of an organ ; for instance, it is
"the function of the lungs to breathe.

Physms (from phusis, nature) is the
science that treats of the properties of
matter and of the laws governing it in
conditions of rest and motion, and in its
solid, flyid, and gaseous states.
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Physiology is the science which treats

of the functions of organic beings.
- Nature: this word is wused with
different meanings. It is from the
Latin natura, which means birth, origin.
Nature is the existing universe with all
things that it contains, their phenomena
and laws. The causes and forces that
work in nature are often spoken of as
one power and personified ‘as she; and
we say, She is the energy by which the
many phenomena that we see are pro-
duced. Of course, nature includes the
organic and the inorganic.!

Mechanics is the science that treats of
forces and powers and their application,
either directly or by the intervention of
machinery. It may treat of bodies at
rest (statics) or in motion (dynamics).

Metaphysics (meta, beyond ; phusis,
nature), the branch of phllosophy which
includes the investigation of the nature
of mind and all things deyond the senses.
Metaphysics, therefore, deals with the

conceptions or principles behind all

phenomena, including being, becoming,
reality, time, space, etc. Sometimes it
is called the philosophy of the ultimate
nature, causes, or reason of things.- It
1s not a science, and, as its theories can
neither be proved nor disproved, it must
be left to the individual judgment to
decide its value.

' All natural objects in the world may be
divided into the organic and inorganic worlds ;
the organic world including all bodies which
either are or have been alive, and the i inorganic
comprising all others (as sand, stones, water),
Inorganic bodies are treated of in geology and
mineralogy. Biology deals with organisms; it
is divided iuto botany, the study of plants, and
zoology, the study of animals, . Inorganic bodies
increase in size by the addition of similar
particles o the owtside. Organic bodies grow
by receiving matter into the interior and assimi-
lating it. - , .

Phllosophy at first meant the love of
‘wisdom (fromr sophia, wisdom ; and
phileo, to love). It is now used in many
ways, but as a system it -means “the
science of prlnClples,” “perfectly unified
knowledge,” or .“the - investigation of
those principles on which all knowledge
and all being ultimately rest.” "

Now, as we do not know the ultimate
nature of anything, it is..clear that
any philosophy must be speculative, or,
in other -words, rest on ' assumption.’
This accounts for the. fact that one
system of phllosophy usually contradicts
another. -

Evolution -is rather a science than
a philosophy, -though Ernst” Haeckel,
Herbert Spencer, and others, have done-
much to give us a system of “perfectly
.unified knowledge.”

The following is a bare outline of ‘the
most 1mportant factors of Evolutxon —

-

I. Pressure ofen-} - -~ -

vironment, ' The - factors of
. 2, Useanddisuse [ "Lamerck.
T .. .of organs. o
3. Natural selec-
_tion, - - The dlscovery of
4. Sexual selec- Da.rwm.
tion, - : :

- 5. Physmlogmal selectlon (Romanes
and Gulick ; not yet ‘universally recog-
nised.) “This means ‘selection of those
varieties the individuals of which are
fertile among themselves, but “sterile or
less fertile with other vanetles and the,
parent stock.” - _

6. In human evolutlon a hlgher factor
is present--—“ conscious, voluntary ~co-.
operation in the work of evolution.....

“This factor consists essennally in the

formatxon and pursuit of ideals.”
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LINKS IN NATURE

CHAPTER 1.

LINKS IN NATURE

WaAT is the doctrine of Evolution?

In the special sense of explaining how
living thihgs came into being, Evolution
teaches that all living things, plants and
. animals, have come from.small, simple
forms, or from one earliest form!

Evolution is also termed ¢ descent by
modification.” Descent is used in the
sense of coming down from ancestors, as
a man is said to'be descended from
his grandparents Otherwise the word
“ascent ” would be more correct, as the
higher forins of living things have

really ascended from small: and lowly-

organisms.
. Modification is a word for change,
and so the doctrine of Evolution may be
said to sxgmfy the derivation of all living
things. by minute, gradual changes from

“some simple’ forms or form.- Evolution

“word

shows how things have become what
they are, and how they are being
changed.

Evolution is sometimes called Dar-
winism, because Charles Darwin did so
much’ to ‘explain_ the process; but the
“ Evolution” is used in a wider
sense in this book.

“We know now that stars and suns are

made up of the same substances as our

Earth, and ‘Evolution includes the history
of every form of matter and force in the
universe, as far as they are known.

All changes in ;the - universe result
from the nature and environment of the
objects composing ‘the universe. . «

- Environment means everything outsidé

}}lrself. My nature means everything
ich constitutes me.

Evolution does ot teach that all
living things are constantly developing
into- something better. If there’ is no
‘perceptible change in environment, an
organism may remain practically the

same for ages. This point should be
clearly understood, for many people,
who do not understand what Evolution
means, often make a great mistake here,
Yet Darwin and Spencer, among others,
have clearly pointed out that Evolution
means no such thing as a universal and
continuous change of all bemgs into
something better.

Dealing with this very point, in 7%
Origin of Species,” Darwin says: “By
this fundamental test of - victory in the
battle for life, as well as by the standard
of the specialisation of organs, modern
forms ought, on the theory of natural
selection, to stand higher than ancient -
forms. 1s.this the case? .A large
majority of paleontologists would answer
in the affirmative; and it seems that
- this answer must be admitted as true,
though-difficult of proof.

- “It is no valid objection to this con-
clusion that certain Brachiopods have
been but slightly modified from an
extremely remote geological epoch,-and
" that certain land and fresh-water shells.
have .remained nearly the same, from
the time when, as faf as is known, they
first appeared. It is not an insuperable
difficulty that Foraminifera have not, as
insisted on by Dr. Carpenter, progressed -
in-organisation since even the Laurentian
epoch ; for some organisms would have
to remain fitted for simple conditions of
life, and what could be better fitted for
this end than these lowly- organised
protozoa? Such objections as the above .
would be fatal to my view, if it included
advance in organisation as a necessary
contingent. iey would likewise be
fatal if the above Foraminifera, for
instance, could be proved to have first
come into existence during the Lauren-

tian epoch, or the above Brachiopods
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during the Cambrian formation ; for in
this case there would not have been
time sufficient for the -development of
these organisms up to the standard
which they had then reached. When
advanced up to any given point, there is
no necessity, on the theory of natural
selection, for their further continued
progress, though they will, during each
successive age, have to be slightly
modified, so as to hold their places in
relation to slight changes in their con-
ditions. The foregoing objections hinge
on the question whether we really know
how old the world is, and at what period
the various forms .first appeared and
this may well be disputed ” (page 307)
According to Evolution, there is no
break in the chain of life. Everything
has come from something else. Evolu-
tion shows that all living things form
one family, that the earth itself is but a
small child of the large family of planets
and stars, and that every known portion

of matter is but a part of one universal, |

unbroken whole.

We will take a simple instance of a
form of Evolution.

Suppose I wanted a bicycle, and that
I had lived on a far-off island for thirty
years, so that on returning . home I
inquired for the kind of machine in

“use when I was a boy. Imagine the
astonishment I should produce in the
shop of a firstclass firm if I were to go
and ask for the primeval bone-shaker; or
for a machine the front wheel of which
was fifty inches high!" The firm would
be unable to supply such a machine.
Nay, if I insisted that I would have only
this kind, and they went out in search of
one, probably in the whole of Coventry
or London they would be unable to find
one.

Then I should be astonished. I
might ask: “Has there been some
terrible accident which destroyed all
the original bicycles, or did a grand-
motherly Government pass a law for-
bidding the use of such old-fashioned
machines ?”

The salesman would most likely think~

I was insane. If he were not -too
terrified, he would explain: “ Well, you
see, they discovered that a low front
wheel would act as well as an enormousl
high one. . They put india-rubber cushion
tyres ‘on; then they invented a tube,
which they call a -pneumatic. They
have lowered the handle-bar, they have
corrected the gearing, they have invented
the free-wheel, so that you have no need
to pedal on a shght incline. And, if you.
like, here is a machine which goes by
electricity up hill and down, “and you
need never pedal at all 1” : ‘ .
“Goodness gracmus 2 I eJa.culate

% What next ?”

And T look at these. magmﬁcent-
machines, and I ask: “What man made
all these improvements ?”

"“What man? Why, hundreds “of
men. One year there was one improve-:
ment, next year there was another, or
three different firms mvented three dlf-
ferent improvements.”

“Wel,” I say, “I can hardly believe
you: Show me all the machines from
the first, so that I can see every step of
the lmprovements from the original
bone-shaker.” , .

* The man would reply: K QUItP impos-
sible. Why, they would ﬁll all the
shops in this street.” - -

“ But where are they 27 I ask; « I want
to see them. Where can I find them?”

“Several of them you will- not'ﬁnd,‘
sir. | There are none of them left,” =~

“ But why did you destroy them??

“Oh, it-was not done that way, sir.
When the improved one came out,
nobody would have the old ones, so they
disappeared, and were not only super-
seded, but- forgotten. We call it the
survival of the fittest.”

" Now, here you have a sketch of
Evolution. Mark, it has only taken
thirty years to do it, and already it is
1mp0551ble for the. ordinary man to find
every link in the short series of improve-
ments. What wonder, then, if you
begin to consider the evolution of living
.| forms on this planet for a. hundred
million years, that you do not at first



2 ., -

LINKS IN NATURE

see ‘half the connections between low
forms and high forms? For we must
Temember, if thirty years can have
buried many.of the samples of hard,
material machines, still more will millions
‘of years have buried. the soft, delicate
forms of plants and animals.

The law -of mere " utility, - backed by
public fashion and sentiment, has con-
demned every inferior bicycle in favour
of the better one.” Now, in this universe
of ours there is a law of relentless doom
that cuts off every inferior” organism, as
it-comes into competition with-a better
organism—one .more adapted - to its.
environment, and of - more use-to its
species. ;

*" This law of an unpltymg world is the
most -terrible force that can engage our
contemplation. * There is no atom so
small, no orga.msm so large, as" to be
able to ‘escape it whén once they are
brought-into eompetition. - This infinite
force of analmighty environment says,
“Adapt” yourself or die!” Hence it
is that thousands of forms, tens of
‘thousands: of ~small_ modifications, have
disappeared into the furnace of ptogress.
-But the living form has one advantage

over- the bicycle,  for the most delicate

living thing will bear some marks of its
ancestry. -If “the ‘remote ancestor ‘had
four feet, it willhave four feet, even
if they -are modified. - If the remote
‘ancestor could breathe air in water, the
descendant will bear some trace of a
water-breathing™ apparatus. . Everything
has a pedigree. -There is not-an animal,
4 flower, an-act, or a thought that
cannot be traced back to a real ancestor.
As d fact, nothing in this universe stands
alone; No single thing is even con-
ceivable as standing alone. And as far
as the universe is known, the same laws
are at work everywhere. No region has
been found which has a néw element, or
an animal on'an absolutely. new. and
distinct principle. :

If you went to visit a new country and
stayed with a family which was fortunate
enough to possess a family album con-
taining the . Tepresentatives of many

generations, you would be able to apply
the principle of descent with modifica-
tions. Suppose you noted on the newest
page that the man had eyebrows, singular
by six very long white hairs. As you
turned back you found six generations
more remote: there was a tuft of these
long white hairs ; six generations further
back still you found half the eyebrow to
be of these long white hairs; and twenty

.generations further back you found three

brothers in whom the whole eyebrow
was composed of these long white hairs.
You could not doubt that this charac-
teristic was a family mark, that it was
changing, that it” was gradual]y passing
away. Again, supposing you had two
hundred such albums, showing all the:
descendants of the original three brothers,
you would find several instances in
which the = white, bushy hairs  had

entirely disappeared. You would perhaps

find the more recent -descendants so
modified by descent, so changed by
marriage and environment, that you
could no longér be certain that they
were all of the same original family.
Now, such an album is Nature. It
lies around you and beneath your feet.
One. way of learning the doctrine of
Evolution 1s to become familiar with the
present - living forms, note “their like-
nesses and their affinities ; then excavate’
the solid rocks, and, as you turn over

-their pages of stone, see how the families

of life have evolved from that rude and
savage ancestry which is still all too
strong in. us. When baldly stated,.
many refuse to believe- the doctrine
of Evolution ;- but, properly speaking,
belief has nothing to do with this
subject.. We have . to understand it,

' When we have- examined the evidence,

then we must’ determine whether the
doctrine. is reasonable; and if the
evidence shows that _this is the best
explanation of living things, we are
bound, as reasonable beings, to accept t.

We may take the horse as a good
example of Evolution. We are familiar
with -the horse as an animal with only
one toe. But there is much evidence
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that it was not always so. From the
time of Julius Casar until now many
horses have had more than one toe
Examples could be greatly multiplied,
but we will trace the pedigree of the
horse backwards. . :

The large hoof of a horse is said to be
the enlarged nail of the middle finger,
the other four fingers or toes having been
lost. In tracing this we cannot do
better than. follow Huxley’s account.
Let us first look at the fore limb. "In
. most four-footed animals -(called quad-
rupeds) the forearm contains two distinct
bones called the radius and the ulna
(sce Fig. 1). The corresponding region
of the horse at first seems to possess but
one bone. Carefully looking, however,
we see in this bone a part which clearly
answers to the upper end of the ulna.
This is closely united” with the chief
mass of 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, it thins out and
vanishes.
we see 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. So
that clearly the horse once had twobones
in this region of the fore-arm, as we have,

What is commonly called the knee of
the horse is its wrist.~ The “cannon
bone™ answers to the middle bone of
the five metacarpal bones which support
the palm of the hand in ourselves, The
“pastern,” “coronary,” and “coffin”
bones in the horse answer to the joints
of our middle fingers, while the hoof is
simply a greatly enlarged and thickened
nail. But if what lies beneath the
horse’s ““knee ” thus corresponds to the
middle finger in ourselves, what has
become of the four other fingers (often
called digits)? We find in the places of
the second and fourth digits only two
slender splint-like bones, which taper to
their lower ends and bear no finger joints,
(The bones between these joints are
called phalanges.)

Looking still more closely,

Sometimes “small bony or gristly little
knots are to be found at the bases of
these two splints, and it is likely that
these represent what is left of the first
and fifth digits. . Thus the part of a
horse’s skeleton which corresponds with
that of the human hand-contains one
overgrown middle digit and at least two
imperfect side digits, and these answer

‘ }_ o Bonesol thaCarpue,

I Dones of the Moles
N h‘ . carpus.

) <= Fhalanges of Fipgers.

Bonos of the Tamus.
Bunes of tho Mutas

FI6. I.—THE SKELETON.(a&er Holden).

respectively to the third, the second, and -
the fourth fingers in man. _ .

_ The same kind of changes can be
traced in the hind limb. We must omit
the evidence of the teeth, = :

When America was first discovered,
there were no .traces’ of the existing -
-horse to be found in that country, For
some reason, in this ancient home of the
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horse the animal had ‘died out. Now,
America has wonderful deposits admir-
ably suited fpr preserving the remains of
“animals, so that remains have been
found well preserved, and in great
numbers. Professor Marsh has, care-

fully examined . and collected these |

fossils, and .in Yale Museum are to be
seen ‘the specimens which tell the
following wonderful facts, . -
The forms which he found ¢arry us
- from the top to the bottom of the bed of
rocks called Tertiary. Nearest the top
there is the true horse. Next we have
_ the horse of .the Pliocene rocks, the
Pliohippus (bippus means horse); its
*limbs differ slightly from those of the
, ordinary horse of the present day. Then,
lower down in the same rocks, comes
the Protohippus, which represents the
~one found in Europe, called Hipparion,
having one large digit and two small
ones on each foot.. Going 'still lower
down, and turning up the Miocene rocks,
. they found the Miohippus. = This corre-

sponds pretty nearly with one found in-

Europe called the Anchitherium. It
presents.three complete toes, and higher
".up there is a small rudiment of that digit
-we call our little finger.
Lower still in the Miocene rocks - is

-found an older form of horse, the Meso-'

. hippus. It has three toes in front with a
* large=splint of bone, and “three toes on
the hind limbs. - Here the radius and
-ulna are quite distinct bones. - To-
But. m the next bed of rocks, the
Eocene, 4 still more important discovery
- was made. Here was found the Oro-
" hippus,~which has four complete toes on

the fore limb and three toes on the hind_

limb. This animal was hardly as big as
an ordinary fox, . .

In the lowest layers of the Eocene
rocks Professor Marsh found remains of
the Eohipfus.
the smallest form, the animal being about

" the size of a very small fox. Three
species’ are known. The Eohippus has

the feet, in the main features, very-
. similar o the Orohippus ; in each genus .

four well-developed toes in front and

This is the. oldest and d
. must also look beneath their skins.

three behind, but the Eohippus has a -
remnant of the first digit.

These remains are from the Cory-
phodon bed or lower Eocene of New
Mexico. This bed is below that in
which the Orohlppus occurs.

The oldest ancestor of the horse, as
yet undiscovered, undoubtedly had five
toes on each foot, and probably was not
larger than a rabbit, perhaps much
smaller (dmerican Journal of Science,

-November, 1876, and April, 1892z).

These discoveries of the many stages
of the horse are of the highest value to -
science. - They answer every expectation
of the doctrine of Evolution ; and’if we
can say of anything that it is proved, we
certainly can say it of descent by modifi-
cations in the case of the horse.

The history of any species of animal,

such as this just given, is called its

pbylogeny. -

The history of the growth of any one
individual is called ontogeny.

Now, it is an established fact that each
individual organism in its ontogeny
frequently repeats the history of the
development of its ancestors. A foal
before its birth has been found to have
three toes, resembling the Protohippus
and Hipparion, but the two extra toes.
disappear before the foal is born.

This is remarkable confirmation of the
evidence of the rocks that the horse has
come from a five-toed animal, and some
day a feetal foal may be found so young
as to show the five toes.

After this striking example of the
unfolding and changing of one form of
life, we may take quite a different attitude,
and see if there is any connection, in a
wide sense, between the different animal
groups. We must remember always
that, before we can form ariy opinion on
such a subject, we must examine the
whole known life of the animals, and we
The
history of the life before birth (which is
called the life of the embryo) often
reveals connections whose existence
otherwise would not be suspected. |

If a complete stranger to our earth,
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possessed of great intelligence, were to
visit us, he might be struck with the
number and variety of our living things.
And if, further, he took a great interest
in all forms of life, we can imagine his
drawing up a report. In doing this he
would have to note the likenesses and
unlikenesses of animals. He would soon
observe that thousands of animals fall
into groups, such as we name cats, dogs,
sheep, cows, etc. For a while he might
suppose each of these groups to be
entirely distinct. But, as he proceeded,
he would discover more comprehensive
features, which would enable him to
enter hundreds of groups under the same
name as vertebrates, and all other forms
of life as invertebrates. Under these
two orders he would naturally conclude
that every living thing could be placed,
and he would find them to be so separate

from each other that he could usually.

place any living creature in one or other
group. Further, he would discover
features, less. general, yet of sufficient
comprehensiveness, to include- several
groups each, as quadrupeds would include
all fourfooted animals, wmarsupials all
pouch-bearing mammals, etc. But when
this process had been carried into great
detall, some new facts would arrest the
inquirer’s attention. He would note that
certain functions were common to all
living things, They are all capable of
responding to theirr environment; of
taking food, and of reproducing their kmd

Unnersal traits- of such marvellous’

comprehensiveness might set the inquirer
off on a new line of investigation. He
might suspect that-all living things were
members of the same family. He would
find many facts to support such a theory,
All known living things begin life in the
same way, by the division of a cell too
small to be visible to the naked eye.

The elephant or the frog, the rabbit
or the shark, make their first step in life

in exactly the same way, so that the

expert, by the aid of special instruments,
could not discover any difference among
them ; the fact being that they all, in
common with the rest of vertebrates,

have’ their origin from a fertilised egg,
about 135 of an inch in diameter..

This 15, indeed, one of the strongest
cases of family likeness. Further, when
it was seen that the more distinctive’
forms of the mammals passed through"
stages in their growth which clearly
resembled stages noticed in the develop--
ment of the frog; the reptile, or the fish,
the expert would note these points in
favour of a common ancestty. Then by
slow degrees would he discover some
connecting links.

Let us take any ordinary list of the
various families' of vertebrates, .and
mark their slow grada.tlons from one to
the other. -

,

~ ) -
THE DIVISION CALLED VERTEBRATES.

The name vertebrate simply means
jointed (Latin, werfebra, a joint—from
verlo, to turn; and especially a- bone of
the spinal column), and refers to .the
possession “of a jointed . internal axis as’
the main part of the skeleton. This
jointed axis is the backbone. In the
lowest forms this axis is not developed,
and in place thereof there is a smooth"
elastic rod, which has received the name
of nolockord (literally back-string, Greek
notos, back; chords, string). In. all
members of the division this nofockord
is-present at some stage of development,
although, in the higher forms, it subse-~
quently becomes surrounded and nearly
obliterated by the jointed rod or vertebral
column (the backbone).

-Some books more correctly descnbe
this - division as " chordata, instead of
using the more common word vertebrata.

Besides the possessmn of the noto-
chord there are two other features by
which the vertebrata are distinguished—
gill-slits and the spinal cord. They all
possess at some period of their lives slits
in the wall of the ffont part of the alimen-
tary canal (the throat).: These slits in
the lower forms allow the water, which
is taken in at the mouth for purposes of
respiration, to escape, and hence they
are called glll shts. )
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Further, the nervous system takes the
form of a strip of sensitive skin on the
back (called the medullary plate), which
becomes wholly or partly enrolled to
form “a tube, the neural canal (spinal
cord). .

There are about 32,000 Anown spec1es
of vertebrata—fish, frogs, reptiles, birds,
mammals. The number .of species is
not much more than half that of mol-
lusca, and is not a tenth of the species
called arthropoda. ,

" Before we can study the vertebrate

use the front part of the gut for breathing.

The most primitive members of this
class are worm-like in form ; they live in
the mud of the sea, they pass the mud
through their intestines and extract food
from it; thus they feed and move
forwards by the same process. There
are several genera with their own names,
but the name Balanoglossus is used for
any species of this class. The Balano-
glossus is called the acorn-worm.

The body of the animal is divided
into three parts (see Fig. 2, Balano-
glossus) : 1, a conical part in the front

FiG. -2.—BALANOGLOSSUS.

"X Proboscis or tongue,

proper, there are. three small classes of
: remarkable animals which we ought. to

consider. These are named in reference
to the-chord or string already referred to.

CLASS I.—HEMICHORDATA (THE ACORN-
- . WORM)

", The name of this class means half-
strlnged because the notochord is very
- short. - Sometimes they are * called
Enteropneusta (enferon, within ; preuma,

" breath), because, like all vertebrates, they

2 Mouth 3 €ollar.

4 Trunk. .5 Gillslits.

of the mouth, the probdoscis ; 3, a swollen
cylindrical portion immediately behind
the mouth, the collar ; v, a long trunk,
at the end.of which is an opening,-the

_vent

“The ahmentary canal runs straight

'from the mouth, on the anterior surface

of the collar reglon, to the posterior end
of the trunk.

The notochord is & hollow tube of
cells surrounded by a tough membrane
much thickened beneath. This tube
opens into the alimentary canal in the
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collar region, and projects forward into
the proboscis as a support for this organ,
which is attached by a very narrow neck
to the collar. The whole skin is sensi-
tive, since there is everywhere a layer of
nerve-fibrils underlying the outer-skin
cells; but this layer is especially thickened
along the mid-dorsal and mid-ventral
lines of the trunk, those two regions
being connected by a ring of nervous
tissue immediately behind the collar.
The dorsal thickening alone is continued
into the collar region, and there it
becomes rolled up so as to constitute a
short neural tube.

There are numerous gill-slit openings
into the alimentary canal, in thé front
part of the trunk ; or they may be called
pouches, with small outer and large inner
openings.

There are vessels corresponding to
the kidneys and the heart. There is a
simple sac (pericardium), the walls of
which pulsate rhythmically. “One point
of great interest attaching to Hemi-
chordata is that they commence life as
free swimming larve, resembling the
larvae of the Echinodermata and suggest-
ing the thought that perhaps two such
different groups as the Vertebrates and
Echinodermata may have descended by
different paths from the same simple
free-swimming ancestors.”

So say Messrs. Shipley and MacBride
in their excellent Zoology. 1 have
mainly followed their account of Balano-
glossus, and I have treated it rather
fully because it seems that we may look
at this small creature and say with Job,
“I have said unto the worm, thou art
my mother.”

In this animal we see man in the
making.

CLASS II.—UROCHORDATA (ASCIDIANS).

This name means the tail-stringed

(from owra, a tail). Sometimes they
are called tunicates, because they are
covered with leathery skin like a mantle
(Zunica, a mantle).
ascidians (from askidion, a small wine-

They are also called :

| skin, or leather bottle, used by the
i Greeks). The body has two openings, a
mouth and a vent. The mouth opens
into a sac-like pharynx (sez Fig. 3), and

F1G. 3.—AN ASCIDIAN.

Ciona intestinalis.
Some of the organs can be seen, as the test is semi-

The live animal seen in its test.

transparent, 1. Mouth.

: 2, Atrialorifice. 3. Anus.
4. Genital pore.

5 Muscles. 6. Stomach. 7. Intes-
tines. 8. Reproductive organs. * g. Stalk attached to

rock. 0. Tentacular ring. 1. Peripharyngeal ring.

12, Brain,
in its walls are numerous slits. The
heart is in the form of a simple tube
open at both ends. The sexes are
united in the same individual, and the

| animal passes through great changes in
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its growth, for it begins life as a larva,

and the darva has a structure correspond-

ing to the notochord of vertebrates.
There are different classes of this

: ammal, some being simple, some com-

- (back) -side of the ~mouth.

pound. The nervous system consists of
a single ganglion, placed on the dorsal
In one
genus (appendicularia) there is a second
ganglion at the base of the tail, which
gives off a nerve cord to the latter.

Some of them reproduce their kind by
buddmg

CLASS III ;CEPHALOCHORDAT&

Cephalochordata meansliterally “head-
stringed ¥ (from cephalos, head, and
chorde, string), and in this class it "shows
that the notochord extends into the head.

There is only one kind of animal

found in this division—the amphioxus

sides of which are ciliated, the whole
being respiratory in function,”

No fins representing limbs are present ;
the mouth is an opening lengthwise in
the front part of the head and without
jaws.

On the under surface of the body are
two openings or vents, the abdominal
pore and the anus. Observe that the
notochord is in the back of the body,
and that it runs the whole length of the
body.

The spinal cord extends along the
whole body and swells out in the front
part, which swelling probably represents

1 the beginning of -a brain, for_it sends

branChes to a pigment spot and a ciliated.
pit. These last are supposed to repre-
sent respectively organs of vision and
smell. There is a czcal sack, repre-
_senting a liver, and a pair of -tubes
which seem to be the beginnings of the

FI1G6. 4.—AMPHIOXUS OR LANCELET (after Lankester), _

- (meaning “pointed at both ends”).

- is there any skull.
-along the entire length of .the nerve-axis,

Sometimes 1t is called the lancelet,
because it is like a small lance. -

The lancelet (Fig. 4) is a little, half—
transparent, worm-like or fish-like animal
from -one to two inches long, found
buried in the sand of shallow seas in
various regions, with its mouth usually
exposed to the water, It is described
thus: “No outside skeletal structures
are - developed, but the skin in the
middle line is developed. into a con-

tinuous dorsal, caudal,- and anal fold, -

while pajred limbs are wanting. The
notochord is persistent, and there are
neither vertebral centres nor arches, nor
The notochord runs

and no differentiated brain is present.
The blood is colourless, and there is no

distinct heart. The pharynx is dilated

and furnished with lateral. clefts, the

kidneys.. The discovery of this animal
is of the greatest possible value, as it
shows, "in so many ways, the simplest
beginnings of organs of great 1mportance
to vertebrates.

When we come to deal with the
ontogeny of man we shall see the value
of these three classes of peculiar animals
which' are well placed at the beginning
of the whole vertebrate division.

In any ordinary handbook on zoology
we find the true vertebrates divided into
five classes : fishes, amphibians, reptiles,
birds, mammals. If we take a well-
developed specimen from_each class, as
a herring, a frog, a tortoise, a pigeon, and
a cow, there does not appear to be much
connection between the classes ; yet, on
closer examination, each class will be
seen to shade off quite gradually into the

| others. -

A fish is provided with gills (called
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i)r;mchi:e) throughout the whole life, the

blood is cold, a tail is present, the limbs | animals,
——if they may be so called—are imper-; ing > 3
the form of | developed, so that in this respect they

fectly developed and have

crocodiles. They are land
and branchial or water-breath-
organs are never

lizards,

respiratory

expansions of the skin, and are called | resemble in their arrangement the adu/t

fins. A fish usually can live only in' amphibians ; th
chambered heart of the adult amphibians.
The fore limbs are formed for various

water, and its gills enable it to breathe
the air contained in the water.

they also have the three-

An amphibian means an animal with | purposes, and in some extinct varieties

a double life—that 1is, it can
live in water or on land. It
has proper air-breathing lungs,
and, when full grown, as the frog, |
seems to differ in almost every
point from the fish.

But there are some fish called
Dipnoi—.e., double breathers— g8
which have gills to breathe the *
air in the water and an air-bladder
by which they can breathe the
free air. These fishes are rather
rare, but they are found in
South America, tropical Africa,
and i Queensland.

Now, whenweturn to the young
frog, called the tadpole, we see
how very fish-like it is. It has
gills, a large tail, no limbs, and
dies if left on the land. Itisa
water animal.

But we are able to watch its
progress to full growth (see Fig.
5). Its gillslits are closed with
a flap of skin; first its hind legs
appear, then the fore legs; it
absorbs its tail (some amphibians
retain the tail throughout life);
it acquires lungs, and breathes
in the peculiar manner known as
swallowing air. If its mouth were
propped open, it would die of
suffocation. Really, it breathes
by a throat air-pump. Many other features
could be named, but from these it can
be seen how closely the amphibian is
related to the fish. In fact, it may almost
seem a waste of time to give these points
of likeness, as by some scientists fishes
and amphibians are classed together
under the name Ichthyopsida (the fish-
like).

Reptiles

include. tortoises, snakes, !

appear first because the fore limbs are concealed by skin.
tail is absorbed and does not drop off.

FiG, 5.—GROWTH OF THE FRroG.

1. Tadpoles just hatched.
show the order in which the frog developes.

2 and z2a show external gills. 3 to 8
The hind limbs
The

they were used for flight, but they were
not constructed on the type of the wings
of birds. The blood of reptiles is cold.
In many points they seem to begin
where the amphibians left off, while on
the other hand they resemble birds in
many respects.

Besides their close general resem-
blances, there are very interesting con-
necting-links between reptiles and birds.
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There was a flying reptile, the Ptero-
dactyl, with five digits; the fifth or
outermost digit had four joints, and was
lengthened out to support the wing. It
had a head shapegd like a bird, but with
teeth,
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FI1G. 6.—THE DUCK-MOLE.

There was also another reptile, the
Compsognathus, found in the slate
quarries of Stonesfield, near Oxford. It
had short fore limbs and long hind
limbs. It was remarkably like a bird,

and forms a very close link between
birds and reptiles.

A remarkable bird, the Archaopteryx,
was found in slate at Solenhofen in 1862.
Its skeleton was that of a bird, and it
even retained its feathers so perfect that
the vanes as well as the shaft were pre-
served. Anatomists agree that it is a
true bird, yet they find that it approaches
more nearly to reptiles than any known
bird. It has the tail of a reptile, com-
posed of twenty vertebra, though each
vertebra supports a pair of quill feathers.

It is perhaps now possible to see that

-our birds are four-legged animals, whose

fore limbs have developed into their
present form for the purpose of flight.

We come lastly to the important group,
mammals. This very large group 1s
distinct enough, for they are the only
animals which suckle their young. The
word mammal 1s from the Latin mamme,
meaning breasts. Now, at first sight it
seems scarcely possible that there can
be any connection between a cow and a
snake. But again we must not take the
most distinct forms of the two groups.
We must rather begin with the lowest
mammals, and see how they are related
to the general class of reptiles.

Animals which bring forth their young
by laying eggs are called oviparous (from
ovum, an egg, and pario, to bring forth).

Animals which develop the egg and
nourisk the young in the body, bringing
them forth alive, are called viviparous
(from vsvus, living, and pario). Between
these two there 1s a sort of half-and-half
arrangement by which the animal retains
the eggs in its body till they are hatched
and the young are born more or less
actively alive : these animals are called
ovoviviparous. But in these cases there
is no nutritive connection between parent
and offspring before birth,

Mammals form the highest class of
vertebrates ; they have warm blood, they
have hair, and never feathers or scales ;
their young are nourished for a longer or
shorter time after birth with milk, which
is secreted by special glands—the mam-
mary glands.
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The lowest class of mammals are
called monotremes (monos, sitigle ; Zremo,
- to pierce), as their bodies have only one
posterior opening. - Of this class there

are only two specimens, the duck-mole’

(omithorhyncus) and the spiny ant-eaters
(echidna) (Fig. 6, duck-mole).

" The duck-mole is found only in
-Australia and Tasmania. ~ It is, perhaps,
the most remarkable of the mammals,
and but for its discovery we might not
have been able to show the close connec-
tion between reptiles and mammals, It
is verily a connecting link.

The intestinal, the urinary, and repro-
ductive organs, all open into one common
chamber, called the cloaca, in the same
way as in reptiles. Its breasts are with-
out nipples, but their ducts open’into a
depressed spacey; which forms into a sort
of mammary pouch during the time when
the young are being suckled. The young
are produced as eggs. -

The next division of mammals is called
the marsupials (from marsupium, a
pouch). Of these the kangaroo and the

opossum are well-known - specimens,”

These animals bring forth their young

alive, but so imperfect” that the mother
carries them for some time in a pouch-
formed by a fold of the skin on the -
abdomen. -~ . - o o -7
This is a distinct connecting “-link

‘between the animals which lay eggs and

the higher mammals which bring forth

their young fully developed..™ There are

other marks of a more perfect organism.

than that of the monotremes.  The

breasts have nipples, and there is no.~
cloaca, the organs having separate open-

ings. From the duck-mole upwards the .
mammals are easilytraced till we reach
man; but this requires a chapter “to

itself. : : o :
_ I bhave tried to show in the baldest -
outline that there is a close connection _
between the vertebrates.. This connec-

tion could be shown far more cledrly if .
there were room for detail, and if the -
technical words of science were com-

monly understood. . : o

- CHAPTER 11

MAN AND THE REST OF THE ANIMAL FAMILY

You may have stood under the sfeep side
of a mountain and felt that no human
being could ever climb it, but on wander-
ing perhaps miles away you came to a
path which by a gradual slope led you to
the top of this very mountain.

So it is with the evolution of man. If
you begin with your Carlyles, Ruskins,
Gladstones, Darwins, Spencers, then
man seews, to stand forth in solitary
mountain glory far above all animals.
But there is another way of ‘approaching
the problem,

We must always remember that a-
problem wrongly stated is insoluble.

. 'To understand a difficult language or
science we must begin at the beginning
and not at the end. A man can climb
the highest tower .if there are steps to
the top, but without steps a roof ten feet
high may be quite inaccessible. The
mountain-glory view of man has been
developed by many forces—ignorance of
other animals, vanity, prejudice, precon- -

ceived notions, as in the various classical

mythologies, showing that their own race
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sprang from the gods. These early
people did not study the forms of life;

they knew nothing of the influence of |-

‘environment. They did not look beneath

the skin, and, above all, they -knew
nothing of the beginning of-the growth
of each individual and of its gradual
development before ' birth, So they
. missed many steps in the ladder.

Ancient .forms, to be found only in
.fossilised remains, they had never seen,
and thus other important steps in the
ladder -were missed. No wonder they
-said man is a mountain rising alone in
his grandeur from the landscape of life. -

When the discovery of -Evolutiori was
new, all sorts of prejudices arose against
it. Less than fifty years- ago foolish
doctrines were held as the unalterable
facts of all life history, and really learned
men were blinded by the rude devices-of
early man when he sought to explain
many of the problems of our common
daily life. - ~ - :

. We may well pause and inquire before
we dogmatise, when we remember the
mfallible ignorance which poisoned the
whole world less' than a century ago.
Take the superstitions of witchcraft and
‘magic; which held sway through the
most enlightened countries of Europe.
Learned men, wise men, Christian men,
bumane men, sat in judgment on
defenceless- women who were old and
ugly, or merely peculiar, and sentenced
them to a hideous ‘death by hundreds
- and thousands because they were accused
of a thing which we now know had no
existence. Lecky thinks that this is
- probably the darkest piece of inhuman
cruelty which has stained the pathway of
man. - - ) -

-But preconceptions or prejudices
prevented them from discovering - the
truth, "May not some such darkness |
have veiled man’s vision when he began
to note the glories of hisrace? We will
try and ascend the mountain by its
slope. . : :

- We turn to Darwin’s Descent of Man,
.and we ask what evidence is there that
man has come from some lower animal?

Supplementing him with discoveries
since his time, we can answer :—

I.—We take his bodily structure.

1. We note that man is constructed
on the same general type or plan as the
other mammals, .

It is nothing short of a marvel that
man can have lived among animals for
hundreds of years without seeing that he
was one of the same family. His birth,
death, all the means by which -he eats
and lives, are so like the same things in
other. animals that one wonders how it
was that no man realised, “ I, too, am
an animal.”- And if anyone had ever
seen a dead man and a dead pig, with
their structures exposed to view, it must
have been clear to him that the likeness -
between the two was so striking as to
tell of near relationship.

_2. All the bones of man can be com-
pared with corresponding bones in a
monkey, a bat, or a seal.

Every bone, every prominence on
every bone, every marking for the attach-
ment of muscles, is the same in man as
in the higher apes.

3. All the muscles of. man’s -body
correspond with the muscles of some
other animal. Not one of man’s five
hundred muscles is peculiar to his body;
and in the anifnals they have been found
to be connected with the same bones,
the same parts of the bones, running in
the same direction, having just the same
function as in man.

There are four muscles in the anthro-
poid apes which are not generally present
in man, but all these four have been
found as varieties in the human body.
Two muscles are usually present in man
that are wanting in the anthropoid apes,
but of these two one is sometimes, and

‘the other frequently, absent in man. -

The interesting point is that the six
variable muscles are variable in man and
ape. T .

4. The nerves, the blood-vessels, and .
the internal viscera correspond with those
of other mammals.

5. “The brain follows the same law, as
shown by Huxley and other anatomusts,



MAN AND THE REST OF THE ANIMAL FAMILY .

23

Bischoff, who is a_ hostile witness,
admits that every chief fissure and fold
in the brain of man has its analogy in
that of the orang, but he adds that at no
period of their development do their
brains perfectly agree, nor could perfect
agreement be expected, .for otherwise
their mental powers would have been
the same” (Darwin, Descent of Man,
p. 6). .

Just so! If man agreed perfectly with
an ape, he would be an ape, and Evolu-
tion would have stopped at apes.

" But we shall return to this point and
deal with it more fully,

IT.—We turn to disease. - _

“Man is liable to receive from the
lower animals and to communicate to
them certain diseases, such as hydro-
phobia, variola, glanders, cholera, ring-
worm.” -

To take the last as an example.
Ringworm affects the skin of the scalp ;
it is due to the growth of a fungus in the
skin., This disease is known to be
“very catching”—.e., it is easily trans-
ferred from one human being to another.

But ringworm is common - among
cattle, and it is well known that those
who attend cattle frequently take ring-
worm from them.

Darwin points out: “This proves
close sxmllanty of their tissues and
blood, both in minute structure and
composition, far more plainly than does
their comparison under the best micro-
scope or by the aid of the best chemlcal
analysis.”

Monkeys are liable to many of the
same contagious diseases as we are,
Rengger (in Paraguay) observed a
monkey, the Cebus Azarae, liable to
catarrh with the usual symptoms. These
monkeys suffered from apoplexy, inflam-
mation of the bowels, and cataract in
the eye. The younger ones, when
shedding milk teeth, often died from
fever.

ITI.—We note the effect of drugs.

Many medicines produce the same
effect on animals as on us. Many kinds
of monkeys have a strong taste for tea,

coffee, and spirituous liquors ; they will
also smoke tobacco with  pleasure.
“Brehm asserts that the 'natives of
North-Eastermn .Africa . catch * the wild .
baboons by exposing vessels filled with -
strong beer, by which they are made
drunk.” And so exactly is the nature
of the nervous system like man’s that
alcohol has the same effect on monkeys.
When they have taken it,"some monkeys
are rendered so bad- tempered that they
want to fight everyone they ‘meet.

| Others become maudlin and weep on or

without the least provocation.. A few .
are rendered “real good fellows,” and
become sweetly amiable and generous.

Everyone must recognise that in these
cases we have a description of the
different kinds of drunkenness in man,

- Baboons kept in confinement and
made drunk were very cross and dismal

next morning; they held their aching

heads with both hands; when beer-or™.
wine was offered to them they turned
away with disgust, but relished the juice
of lemons. One American monkey,
after getting drunk on brandy, would
never touch it again.

“These trifling facts, prove how.similar
the nerves of taste must be in monkeys
and man, and how similarly their whole'
nervous system is effected.”

IV.—We seek the evidence of ‘para-
sites.

Parasite means one .that 11ves on’ '

another (from para, by the side, and
sitos, food) ; originally it meant one » who
eats at the table of another. Man is
infested with internal parasites, all of
which belong to the same- genera or

families as those infesting other mammals,

and in the case of itch they belong to -
the same species.

V.—The law of periods.

Some of the important processes of
life happen at fixed times; for instance,
if a hen is set on eggs of her own kind,
we can tell the day on which the
chickens may be expected. If ducks’
eggs are used, we know they will take a
week longer to hatch.

This law applies to the birth of
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mammals as well,

several diseases,

- Altogether it is very mysterious; but,
- most wonderful of all, these different
. times follow the periods of the moon.

Many careful observations” have shown

that a seven-days’ period is very common

“in nature.” -Of course, it may be  a
period of -one seven, or two_sevens, or
-thiree sevens, and so on up to forty-eight
sevens..  Human beings are universally
subject ' to this law in common with
mammals, birds, and insects. At present
there is not an absolutely-clear explana-
tion of this_law ;- but -evidently it is one
of. the oldest things in connection with
life, extending, as it does, all the way
back to insects,” and, for anythlng we
know, much farther still.

Darwin suggests that this law is due to
«the tides,. As-is well known, the tides
are influenced by the moon, He says
* (Descent of Man, p..164): “The most
ancient progenitors in -the kingdom of
the vertebrates ‘at which we are able to
obtain an “obscure- glance . apparently
consisted of a.group of. marine animals,
resemblmg— the larve of emstmg asci-
_dians.”

. Then: he adds thls note (note 32,
p, 164): “The inhabitants of the sea-
shore .must -be greatly affected by the
tides; animals’ living either about the
mean high-water. mark, or about the
‘mean low-water mark, pass thiough a
complete * cycle. . of tldal changes™ In
a fortnight. - Consequently, their food
supply will undergo marked changes
week by week.. - The vital functions -of
such animals living under these condi-
tions for many generatlons can hardly
fail to run their course in regular weekly
penods Now, it is' a mysterious _fact
that- in the” hlgher and now terrestrial
vertebrata; as well as in other classes,
many- normal and abnormal processes

It also applies to

have one or. more whole weeks as|

their periods ;- this would be rendered
mtelhgxble if the vertebrata are descended
from an animal- allied to the existing
+tidal ascidians. Many instances of such
periodic” processes might be given; as

‘the gestation of mammals, the duration
of fevers, etc, The hatching of eggs
affords also a good example, for, accord-
ing to Mr. Bartlett (Land and Water,
January 7th, 1871), the eggs of the
pigeon are hatched in two weeks, those
of the fowl in three, those of the duck in
four, those of the goose in five, and
those of the ostrich in seven. As far as
we can judge, a recurrent period, if
approximately of the right duration for
any process or function, would not, when
once gained, be liable to change; conse-
quently, it might be thus transmitted
through almost any number of genera-
tions. But if the function changed, the
period would have to change almost
abruptly by a whole week. This con-
clusion, if sound, is highly remarkable ;
for the period of gestation in each
mammal and the hatching of each bird’s
eggs and many other vital processes thus
betray to us the pnmordlal birthplace of
these animals.” .

If further evidence should establish
thls as a fact, it is certainly one of the
most marvellous discoveries of man, and
carries us back to the life of millions of
years ago.

VI.—Healing of wounds.

The wounds of man are repaired by
the same process of healing as-are those
of other animals. And here unexpected
evidence is forthcoming of man’s animal
ancestry..

It is a fixed law that the lower the
organism and the lower the tissue, the
greater is the amount of restoration-
possible from wounds. A injury to an
animal of the -less highly-developed
classes is, even if it be very extensive,
likely to be completely remedied by the
power which the animal has to restore
itself. - But the removal of any consider-
able portion of a more highly developed
animal is not likely to be followed by
restoration of the part removed. “In
like manner, if even in man some low
form of tissue, such as the fibrous or
cartilaginous, is in part destroyed, it can
again be made good. But if the tissue
is a complex and excessively actxve one,
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as the muscular or nervous, there is little
likelihood of its reparation.”

So we see there is a close connection
between the lowness and simplicity of
the organism, or the part injured, and its
power of restoration,

The lobster, which is a high member
of its class, is able to re-form its very
large forceps-bearing limb, or claw, with
greater or less completeness.

In fishes this power.is very marked,
and they are the lowest class of verte-
brates, The whole fin orlimb of certain
fishes has been restored after accidental
removal. -

In amphibia there is this same power
A salamander had its tail removed eight
times in succession, but the tail always
grew again. The same experlment with
a leg had similar results.

In the frog this power is not so great,

but in the tadpole 1t is as great as in a
fish. - A tadpole is really a fish, but the
adult frog is really a reptile. :

Now we turn to man. In this con-
nection ‘we are chiefly concerned with
man at the very early stage of his life.
The young of & mammal before birth is
called an embryo. Now, it is - scientifi-
cally known that-a very young embryo
may, by accident, have a limb literally
" cut off, and at birth it is found that a leg
or arm has grown again, -

VII.—Reproduction.

To reproduce its kind is clearly one of
the earliest powers which- must “have
marked any living thing. Next to sus-
taining itself, the power to reproduce
itself 1s absolutely necessary, or the race
would die out.

If Evolution has taken place here we
ought to find some striking facts, We
know that at first there was no such
thing as sex. The lowest organisms
multiply by dividing in half, or by
budding, and thus form new creatures of
their kind.

If we might write quite plainly, the
history and =xplanation of reproduction
would of itself supply overwhelming
evidence of Evolution, The- whole
process of reproduction of the species,

says Darwin, “is strikingly the same in
all mammals, from the first act of court-
ship by the male to the birth: and
nurturing of the young.” Monkeys are
born in almost as helpless a condition as
our own infants. - Some "urge, as an
important distinction, that with man the
young arrive at maturity at a_much later
age; but if we look at the races of man
in tropical regions, the difference is not
great, for the orang is believed mot to
be adult till the age of ten to fifteen"
(Huxley). -

Man differs from woman in size, bodlly
strength, hairiness, etc., as well as in
mind, in the same manner as do the two-
sexes of many mammals,

VIII.—Rudiments... ’

- Rudiments- are those parts of a body
whlch are incomplete, and which never
become fully developed; and in-the lan-
guage of Evolution they mean vestiges—
relics of a past time when they-used to-
be developed and useful in ‘some other
organism.” “No one of the higher
animals can -be named which does not
bear some part in a- rudimentary condi-:

tion; and marr forms no exception. to

the rule.” These organs are either
absolutely. useless, such as the paps of
male quadrupeds, or the incisor teeth of
ruminants which never cut through the
gums ; or they are of such slight service
to -their present possessors that we can
hardly suppose that they were developed
under the conditions which now exist.” -

The following are some of the rudi-
ments found in man :~ - -

Muscles which are present in the
lower animals are occasionally detected
in man—e.g., those by means of which’
animals twitch their skin. - Remnants of
such are’ found in various parts of our
bodies—e.g., the muscles on the fore-
head by which we raise the eyebrows:

Some can contract the  superficial
muscles on the scalp; these muscles
are variable and rudimentary. Candolle
knew a family in which one, the head of
the present family, could pitch books
off his head by these muscles. His
father, uncle, grandfather, and three
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children possess the same power in the
same unusual degree. A distant cousin,
in the seventh degree, in another part of
France, can do the same thing. .
~ “The case offers a good 1llustration
-how persistent may be the transmission
of an absolutely useless faculty, probably
derived from our remote semi-himan
progenitors ; since many monkeys have,
and frequently use, the power of largely
moving their scalps up and down.”

Extrinsic muscles which move the
external ear and the intrinsic which
move the different parts are in a rudi-
mentary condition in man. They belong
to the same system as the above. Men
are found who can.draw the whole ear
forwards, others can draw it upwards,
others can draw it backwards. The
- whole exfernal shell of the ear is a rudi-
ment,  and is of scarcely any distinct
use.
- - It has been observed that the ear of

man alone possesses a lobule, but a rudi- -

menqt of it 1s found in the gorilla, while
‘it is not rarely absent in the negro.

- Ears- pointed on the fnward fold of
the margin are not confined to man. In
baboons the upper part of the ear is
slightly pointed, and very much so before
birth. Sometimes the upper margin is
not folded, and yet shows a point.

The third "eyelid is found in some
reptiles and amphibians, and in certain
fishes (sharks). Itis fairly well developed
in the two lower divisions of mammals
(monotremes and marsupials) and in-a
few higher mammals, as in the walrus;
but in man, all- the monkey family, and
most other mammals it is a mere rudi-
ment, the semilunar fold. )

" Smell is of the highest importance to
many mammals ; but it is of extremely
slight service to us, or even to the dark-
_coloured races of men, in whom it is
much more highly developed- than in
_white ~and civilised races. Evolution
does mnot show that this sense was
acquired, by man for his benefit ; he
inherits the power in an enfeebled and
rudimentary condition from a progenitor
to whom it was useful. )

Negroes and Indians can recognise,
persons in the dark by smell.

Hair.—Man differs from other mam-
mals by being almost naked. The hairs
he has are rudiments of the uniform hairy
coat of the lower animals. Often several
members of a family have a few hairs of
the eyebrows much longer than the
others ; even these seem to be inherited,
for in the chimpanzee and macacus there
are scattered hairs of considerable length
rising from the naked skin above the
eyes, and corresponding to our eyebrows.

" Similar long hairs project from the cover-

ing of the superciliary ridge in some
baboons. " Fine woolly hair covers the
human feetus during the sixth month;
but the palms.of the hands and the soles
of the feet are quite naked. This woolly
covering probably represents the first
permanent coat of hair in those mammals
bormn hairy, Persons have been born
with their bodies and faces covered with
fine long hairs, and this condition is
strongly inherited, and is correlated with
an abnormal condition of the teeth.
Alimentary canal, vermiform appendix.
This was left as a rudiment by change of

diet from vegetable feeders. The orang
utan has this appendix.
Supra - condyloid foramen, a hole

through which the great nerve of the
fore limb, and often the great artery,
passes. ’

This passage is at the lower end of
the humerus in some of the lower
monkeys, lemurs, and carnivora, and in
many marsupials. In the humerus of
man there is often a-trace of it, and
sometimes it is fairly well developed.
When present, the great nerve passes
through it usually. This clearly indi-
cates that it is a rudiment of the hole in
the bone of the lower animals. But if
the occasional development of this
structure in man is, as seems probable,
due to reversion, it is a return to a very
ancient state of things, because in the
higher monkeys it is absent.

There is another small hole in the
humerus occasionally present in man—
the inter condyloid. It is remarkable
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C.calf R.Rahbit M.Man

Fi1G. 7.—This is a reproduction (by permission) of plate vii. from Ilaeckel’'s Ewolution of Alan,
vol. 1.

The figures show the early stages of the growth of a hog, calf, rabbit, and man, and their likeness to each
other is striking. In the earlier stages the likeness is stili ¥reater. It is striking that the nearer we go to the
origin of lite the more nearly are all the animals alike. The first row across (1) shows a very early stage,
with gill openings, and without limbs, The second row (I1) shows a somewhat later stage, with the first rudi-
ments of limbs, while the gill openings are yet retained.  The third (lowest row, 111) shows a still later stage,
with the limbs more developed and the gill openings lost.  All the figures are slightly magnified. The letters
indicate the same parts: v, fore-brain; z, twixt-brain; m, mid-brain; 4, hind-brain ; n, after-brain; », spinal
ma::jfw ; e, nuse; a, eye; o, ear; &, gill-arches ; g, heart ; w, vertebral column ; £, fore-limbs ; 4, hind-limbs ;
3, ta
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that this hole seems to have been present |

much more frequently in man during
ancient times than recently. “Itis an
interesting fact that ancient races, in this
and several other cases, more frequently
present structures which resemble those
of the lower animals than do the
modern.”

Os coccyx.—This is the name for the
lower end of the backbone in man.
Though it is of no use as a tail, it plainly
represents this part in other vertebrates.
Before birth and at an early period it is
free, and /longer than the legs. Even
after birth it has been known to form a
small external rudiment of a tail,

The os coceyx is short, usually com-
posed of four bones joined together, and
these are, except the basal one, in a
rudimentary condition. They are fur-

dom (see Fig. 7). Very wonderful is the
evidence in favour of Evolution furnished
by the development of man from the’
very beginning of his life before birth,
Speaking broadly, man in his develop-
ment goes through a series of changes
that are the same, at different stages, as
the fixed forms of the lower animals
when they are jfullgrown. In his
development from cell or egg he presents
structures that are precisely like those
seen in the bodies of the lower and
lowest animals in their adult state. In
fact, they correspond with the stages of
man’s evolution in the almost infinite
past. The detailed life-history of any
one man shows the history of his race.
It is a scientific truism to say that no
one can distinguish the cell which is to
become a human being from the cells of

Fic. 8a.

a to d shows how an ordinary mammal grows from a single cell called the egg or ovum. &, the single cell has

divided in two, each with its nucleus or kernel ; b, each of these has
repeated ; d is the mass of cells produced in the same way, and call

nished with small muscles, one of which
is a rudiment of the muscle by which
animals erect their tails, At the extremity
has been found a small convoluted body,
and, on examining the tail of a monkey
and a cat, in both was found a similarly
convoluted body, though not at the
extremity, which seems to indicate that
some bones have been lost from the
original tail,

IX.—Embryonic development.

Man is developed from a small cell
(called the ovum or ovule), about the
12oth of an inch in diameter, which
differs in no apparent respect from the
ovules from which other animals grow.
The embryo itself at a very early period
cannot be distinguished from that of
other members of the vertebrate king-

ain divided ; ¢ shows this process again
a morula, because it is likc 2 mulberry.
those tiny forms which hover on the
border-line, not only between the plant
and animal kingdom, but between the
kingdoms of the living and the not-
living.

It is impossible to give all the details,
but we will notice a few.

1. To begin with the very small cell,
called the ovum or germ. After impreg-
nation the cell divides into two, four,
eight, sixteen, thirty-two, and so forth,
until a mass of similar cells is formed.
This stage of the human animal is called
the morula stage. Morus means a mul-
berry, and the collection of those cells
resembles the mulberry fruit. Just such
an appearance is presented by certain
low forms (see Fig. 8) both of plants and
animals.
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2. A little later the inner cells have
liquefied and the outer condensed into
two membranes, and now our embryo is |
a double bag, holding the liquid con-
tents, as some of the.ccelenterata, mem-
bers of the sub-kingdom that contains
the hydra (the fresh-water polyp) and
the sea-anemone. ; ' ‘

How does the backbone of man make
its first appearance? As a little rod of
tissue running along the middle line of
what is to be the back, and marking
where the bones of the vertebrae will be
formed. This little rod corresponds
with what we have seen as the notochord
in the balanoglossus and in the amphi-
oxus, those little animals at the very

bottom of the vertebrate group.

blood for distribution to the body
generally. In man this large artery
makes a curve to the left-hand side of
the body ere it reaches the inner aspect
of the vertebral column as the descending
aorta. In the mammalia generally this
arrangement holds. In birds the curve
is to the right, not to the left. Inreptiles
there are two aortic arches,*one over-
running to the right, the other to the
left, that join together on the anterior
aspect of the backbone. In the amphi-
bia, in their adult condition, the same
plan as under the reptilia obtains.

“ But in the larval state (the tadpole—
e.g., of the frog) there are twelve aortic
arches, six to the right, six to the left,
and this, which is the state of affairs in

Fi1G. 88 (after Headly).

A is a small aninal found in ponds, called the Pandorina. It is almost like the morula of Figure 84 d. B shows
that the colony A has broken up b{ asexual reproduction, each cell having divided into a daughter colony.

The whole of Figure 8 shows how tl
forms.

3. The circulation of the blood shows
a remarkable history. The arteries at
an early period rise in twelve arch-like
branches in six pairs (called the aortic
arches), as if to carry blood to branchiz
or gills which are not present in the
higher vertebrates, though grooves on
the side of the neck of the embryo still
are to be seen, marking their former

‘ pusition,

Or to state the same thing another
way : “The heart of the human being is
at first only a pulsating, undivided vessel.
So is that of the amphioxus. From the
heart of adult man passes off the great

aorta, the vessel that carries the good

e higher animals, in their earliest stages -of growth, resemble the lower

the larva of the amphibia, is the persistent
condition in some adult members of the
lowest vertebrate class, the fishes. Now,
in the development of man there are at
first twelve aortic arches arranged just as
in -fishes. By a series of changes we
have at last only the one on the left-hand
side. But as surely as we reason that
the arrangement of the aortic arches in
the adult amphibian is the result of
evolution from the fish-like tadpole form,
soO we may reason that the present
arrangement, of the one aortic arch in
man is the result of development from
pre-existing conditions identical with
those now persistent in fish. If this be
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not the truth, are we not entitled to cry
.out to the holders of the antique belief,
To what purpose is this waste? Why
are there to begin with six pairs of arches
when only one is ultimately to remain ?”

4. At a somewhat later period, when
the limbs are developed, “the feet of
lizards and mammals, the wings and feet
of birds, fio less than the hands and feet
of man, all arise from the same funda-

.mental form ” (Baer). | )

In fact, the arms and legs, in the first

stages of their development, are exactly
_as they are in other vertebrates; the
arms and legs of man begin to develop,
and continue for some time to develop,
on the same plan as the fins of fish. -

5. The excreta are voided through a
cloacal passage—z.e., there is only one
passage with one vent. This is the fixed ]
condition of the -duck-mole (the lowest
mammal), of all birds, reptiles, amphi-
bians, fish, ascidians, amphioxus, and -of
innumerable thousands of low. inverte-
brate animals. Here is a record “of one
of the most important functions of every
living thing, cafrying us back tens of
millions of years. At one stage man has

-this same arrangement, and yet it dis-
appears as he developes a more perfect
system. - : - '

6. The bone at the bottom end of the
backboné, called the os coccyx (see Fig. 1),
projects as a true tail, extending con-
siderably beyond _the rudimentary legs
(see Fig. 7), showing clearly that man’s
ancestors had tails. ' :

" Huxley says: “It is quite in the later
stages of development that the young
human being presents marked differences
from the young ape, while the latter
-departs as much from the dog in'its
development as does man.” ‘

At a later period are some striking
resemblances between man and the
lower animals. . .

(@) “Bischoff says the convolutions of
the brain in a human feetus at the end of
the seventh month reach about the same
stage of development as in a baboon
when adult.” '

formed on the same ideal plan.

(4) “The great toe, which forms -the

fulcrum when standing or walking, is
perhaps the most characteristic pecu-
liarity in the human structure ” (Owen);
but in an embryo about an inch in
length Professor Wyman found *that
the great toe was shorter than the
others, and, instead of being parallel to
them, projected at an angle from the
side "of the foot, thus corresponding
with -the germanent condition of this
part in the quadrumana” (monkeys and
apes), ‘

Huxley asks : “Does man originate in
a different way from a dog, bird, frog, or
fish?” He replies: “Without question,
the mode of origin and the early stages
of the development of man are identical
with those of the animals immediately
below ; without doubt, in these respects
he is nearer to apes than the apes are to
the dog.”

Certainly this known record of man is
one of the most brilliant discoveries of
the brain. These are facts, and man
must explain them in the most reason-
able way possible.

" Darwin well says : “The homological
construction of the whole frame in the
members of the same class is intelligible
if we admit their descent from a common
progenitor,- together with their subse-
quent adaptation to diversified condi-
tions. On any other view the similarity
of pattern between the hand of a man or
monkey, the foot of a horse, the flipper
of a seal, the wing of a bat, etc,, is utterly
inexplicable. ' It is no scientific explana-
tion to assert that they have all been
With
respect to the development, we can
clearly understand, on the principle of
variation supervening at a rather late
embryonic period and being inherited at
a corresponding period, how it is that
the embryos of wonderfully different.
forms should still retain, more or less
perfectly, the structure of their common
progenitor. No other explanation has
ever been given of the marvellous fact
that the embryos of a man, dog, seal,
bat, reptile, etc., cannot at first be
distinguished from each other. In order
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to undeérstand the existence of rudi-
mentary organs, we have only to suppose
that a former progenitor possessed the
parts in question in a perfect state, and
that under changed habits of life they
became greatly reduced, either from

simple disuse or through the natural
selection of those individuals which are
least encumbered with a superfluous
part, aided by the other means pre-
viously indicated” (Descent of AMan,

p- 24)-

CuarTER III

WHAT IS MAN? -

A LosT queen, with her baby, arrived at
a shepherd’s hut and took shelter. . The
family watched the baby being un-
.dressed, and at last ‘their astonishment
knew no bounds as they exclaimed,
“Why, it is like one of ours!” '

This story represents one of the series
of wonders which comparative anatomy
has brought to light. At each step, as
the dissecting knife has laid bare the
secrets of the limbs and bodies of
animals, and as the microscope has
revealed the forms and nature of small
organs tissues, and cells, the astonished
student has been able to say, “ Why, it
1s like ours !”

In order to determine more clearly
man’s relation to other animals, I will
pursue the inquiry on the lines of Pro-
fessor Emst Haeckel. He has given
such an amount of genius and toil to
scientific inquiry as to render him dis-
tinguished throughout the civilised world.

in his Riddle of the Universe he devotes

Chapter II., which I shall here chiefly
follow, to “ Our Bodily Frame.”

At this period it seems almost amusing
that educated men a hundred years ago
could think of man as a creature outside
of the animal family. Thousands of
those men had well-trained minds, great

natural powers, and many opportunities
of cbservation.

They failed to @ee man’s true place
among the living things of the -earth
chiefly for three reasons :— .

1. They had the erroneous views of
former ages to prevent them from seeing
facts. For thousands of years men had
been drugged by the false-hypothesis’
poison. A false hypothesis will eat up
the facts of countless generations, and
still cry for more.

2. The subject was not open for
inquiry. Men of early times having
taken one view, soon this was held to be
the only possible view. The question
was closed. Now, a closed question is.a
closed cradle, and its only use is to rock
the ages to sleep. o T

3. They had not the means for inquiry.
They had neither the instruments nor
the subjects - for dissection, nor the
collections of natural history. Even in
the fifteenth century to dissect 2 human -
corpse was a crime visited with capital
punishment. - o

After this, darkness began to reel
“from forth day’s path”; human anatomy
alone occupied attention. This branch
of science had its martyrs : Vesalius, the
great anatomist of Brussels, wrote his
remarkable book on the structure of the
human body in 1543, when he was
twenty-three years of age, Later he was
physician to the King at Madrid. where -
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he was condemned to death by the
-Inquisition as a magician! He escaped
by. gomg a pilgrimage to Jerusalem. In,
returning, he suffered shipwreck on the
- Isle of Zante, and died there in misery
and destitution. Thus another - victim
was offered to truth, and another spot of
.earth was consecrated.

‘When we have been thrilled by this |

-pathetic tragedy, there comes the gleam -
of irony which is seldom absent from
- human events. Because Vesalius saw
what every schoolboy might see, self-
blinded priests branded him as a
magician. Those men, having created

a -devil, put: him into ‘everything as

a proof of their own versatile powers
and a record of . thelr unconscious
humour. L -

Is man an animal ? ?*

‘In 1803 the great. French zoologlst
Cuvier created the new science of Com-
_parative -Anatomy. He endeavoured to
seék and arrange, for the first time, the
definite laws of the organism both of man
and beasts. He found that man did not
stand alone, but fitted into a group, as.
other animals formed groups, -In this
he "did more completely-what Goethe,

. and Linneus had vaguely suggested or-

partially. accomplished. Then followed
~ an army of men who by toil and thought
led ‘mankind into the light.” In 1859
‘Darwin laid bare great laws of life in
“his Origin of Species, and Huxley and
.Gegenbaur (1864) applied the evolution
. theory to comparative anatomy, and by
this means proyed that man is a verte-
brate animal in every respect.
But anatomy was not all.
An entirely new line of. 1nqu1ry was
_ being ° pursued. - ‘Bichat, ‘'a French
anatomist_(180z), made an attempt to
dissect the organs of the human body
- into their finer constituents by the aid of
the microscope. This led to little result,
_because the scientist was ignorant of the
- one common element of most tissues.
~“This element was first discovered in
- 1838, in the shape of the cell, in the
plant world, by M. Schlelden, and
immediately afterwards proved to be the

same in the animal world by T heodor
Schwann.”

This discovery, that tissues are built
up of cells, is known as the cellular
theory, and forms one of the revolutions
of the scientific world.

Two eminent Germans, Kélliker and
Virchow, “took up this theory of the
cells about 1860, and the theory of
tissues which is founded on it, and
applied them to the human organism in
all its details both in health and disease.
They proved that in man, as in all other
animals, most tissues are made up of the
same microscopic particles, the cells;
and these ‘elementary organisms’ are the
real self-active citizens which, in combina-
tions of millions, constitute the ¢ cellular
state’ of our body.”

By the aid of the microscope we had

| learnt much of the finer structure of man

and animals. But this discovery of the
cells was “especially important in the
light of their connection with the evolu-.
tion of the cell and the tissue.” For
this confirmed the great cell theory of
Siebold (1845), that the lowest animals
(the infusoria and - the rhizopods) are
organisms made up of single cells.

Then it became possible for the
first time to inquire into the origin of
each’ individual life. That long mys-
terious growth before birth could now be
understood.

For what is the origin of all these
cells? They all spring from one simple
cell, the stem Tcell (cytula), otherwise
known as the fertilised egg (ovum), by
continuous  divisions.. “The general
structure and combination of the tissues
are the same in man as in the other
vertebrates.,”  Yes, man is an animal,

Is man a vertebrate ?

Man’s whole frame, in its general plan
and detailed structure, presents the
characteristic type of the vertebrates.
This group of the animal world was
first recognised in its natural unity by
Lamarck, in 18or. He made four
groups of the higher animals of Linneus
—mammals, birds, amphibia, fishes.
The lowgr classes of insects and worms
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he called invertebrates. Cuvier (1812)
established the unity of the verte-
brate type more firmly by comparative
anatomy.

“It is quite true that all the verte-

brates, from the fish up to man, agree in |-

every essential feature; they all have a
firm internal skeleton, a framework of
cartilage and bone, consistingprincipally
of a vertebral column and a skull; the
advanced construction - of the )
latter presents many variations,
but, on the whole, all' may be
reduced tothe same fundamental -
type. Further, in all vertebrates,
the organ of the mind,’ the
central nervous system, in the
shape of a spinal cord and a
brain, lies at the back of this
axial skeleton. Moreover, what
we say of its bony environment,
the skull, is also true of the
brain—the instrument of con-
sciousness and all the higher func-
tions of the mind; its construction
and size present very many varia-
tions in detail, but its general
characteristic structure remains
always the same” (7%e Riddle of
the Universe, p. 28).

We find the same thing to be
true when we compare the rest of
our organs with those of the other
vertebrates.

Everywhere the original plan
and the relative arrangement of
the organs remain the same,
though the size and structure
may have been modified.

“Thus we find that in all-
cases the blood circulates in
two main blood-vessels, of which
one—the aorta—passes over the intes-
tine, and the other—the principal vein
—passes underfieath, and that by the
broadening out of the latter in a very
definite spot a heart has arisen; this
‘ventral heart’ is just -as charac-
teristic of all the vertebrates as is the
‘dorsal heart’ of all the articulata and
mollusca. Equally characteristic of all
vertebrates is the early division of the

Pollex

or thumb -

intestinal tube into a ‘head-gut’ (or gill-
gut), which serves for respiration, and -
a ‘body-gut’ (or liver-gut), which co- -
operates with the liver in digestion”
(#bed, p. 28). , . :
Yes; man is a vertebrate.

Is man a quadruped ? .

- Quadruped means four-footed. It is .
Latin for the Greek ##rapod, which was
the name Aristotle gave to the higher

3 AN ...O.:_maj'n um
=80t fory,
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Fi16. 9a.—THuE HuMaN HAND.

warm-blooded vertebrates. ~ The  mean
ing of the term was enlarged afterwards,
when Cuvier proved that even “two- -
legged ” birds and man are really “ four-
footed.” He showed that.the internal
skeleton of the four legs of all the higher
land vertebrates, from the amphibia up
to man, was originally constructed after.
the same pattern out of a definite
number of members. - The arm of man
. e
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‘and the wing of bats and birds have the
same. typical skeleton as the fore-leg of
the animals which are conspicuously
four-footed.” i .

This point was one of great difficulty

until, comparative anatomy bad cleared

up the structure of the limbs,
- 8o long “as writers thought that man

- was apart from animals they looked upon,
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alt ‘animals as being four-footed, four-
handed, or two-handed. : They thought

the monkeys had four hands, and called |-

them quadrumana; that men had two
hands, -and -so - called them bimana.

Some’ old-fashioned - people still think

‘monkeys have four hands (see Figs. ¢
and 10).

To realise the importance of this dis-
covery, tell the man in the street that the
wing of the bird is like his arm, or that
a frog’s leg is like his own, and watch his
shock of amazement. .

Says Haeckel: “When we further
compare the developed structure of the
foot proper, we are surprised to find that
the small bones of ‘which it is made are

also similarly arranged and distri-
buted in every case. In the front
limb the three groups of bones of
the fore-foot (or *hand’) correspond
in all classes of the tetrapoda : (1)
the carpus, (2) the metacarpus, (3)
the five fingers. In the rear limb,
similarly, we have always the same
three osseous groups of the hind-
foot: (1) the tarsus, (2) the meta-
tarsus, and (3) the five toes. It was
a very difficult task to reduce all
these little bones to one primitive
type, and to establish the equiva-
lence (or homology) of the separate
parts in all cases’; they present ex-
treme variations of form and con-
struction in detail, sometimes being
partly fused together and losing
their individuality. This great task
was first successfully achieved by
the most eminent comparative ana-<
tomist of our day, Carl Gegenbaur.
He pointed out, in "his Researches,
into the Comparative Anatomy of
the Vertebrata (1864), how this char-
‘acteristic ‘five-toed leg’ of the land-
_ tetrapods originally (not ‘before the
Carboniferous period) arose out of
the radiating fin (the breast-fin, or
the belly-fin) of the ancient fishes.
He had also, in his famous "Ke-
_searches into the Skull of the Verte-
brata (1872), deduced the younger
skull of the tetrapods from the oldest
cranial form among the fishes—viz., that
of the shark. _ o

“It is especially remarkable that the

original number of the toes (five) on

-each of the four feet, which first appeared

in the old amphibia of the Carboniferous
period, has, 1n virtue of a strict heredity,
been preserved even to the present day
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in man. Also, naturally and harmoni-
ously, the typical construction of the
joints, ligaments, muscles, and nerves
of the two pairs of legs has, in the main,
remained the same as in the rest of the
‘four-footed.” In all these important
relations man is a true tetrapod ” (:6:d,
pp- 29 and 30). _ :

Yes, man is a quadruped.

And here we must pause to consider
a difficult point, for jt presents one of the
most remarkable links in the history of
man from the lower animals. - -~

We have seen that all the vertebrates
are divided into five groups—fish, amphi-
bians, reptiles, birds, mammals.

The fish and amphibians live either
altogether or partially in water, and it is
manifestly a great change to the organism
to become altogether adapted to a life on
land. So that it is no wonder we find
new structures appearing in all those
animals. - One of these structures is the
amnion,- It is found in reptiles, birds,
and mammals, and so all these animals
can be classed together as amniotes.

But Haeckel shall first tell us. of this:
He says, after describing the wonderful

resemblance between the embryos of 1

many vertebrates, that the same striking
resemblance is seen in the membranes

which protect the embryos while they |

are growing before birth.

“All vertebrates of the three higher
classes—reptiles, birds, and mammals—
are distinguished from the lower classes

by the possession of certain feetal mem- |

branes—the amnion and the serolemma.
‘The embryo is enclosed in these mem-
branes or bags, which are full of water,
and is thus protected from pressure or
shock. This provident arrangement
probably arose during the Permian

period, when the oldest reptiles, the |

proreptilia, with the common ancestors
of all the amniotes (animals with an
amnion), completely adapted themselves
to a life onland, Their direct ancestors,
the amphibia, and the fishes are devoid
of these feetal membranes; they would
have been superfluous to these inhabi-
tants of the water, With the inheritance

of these protective coverings are closely
connected two other changes in_the
amniotes—firstly, the entire disappear-
ance of gills (while the gill arches and
clefts continue to be inherited as ‘rudi-
mentary organs’); secondly, the. con-
struction of the allantois;

Fi16.” 10A.—~THe HuMAN Foor.

*This vesicular bag, filled with water,
grows out of the hind gut of the embryo
of all the amniotes, and is nothing else
than an enlargement-of . the -bladder of
their amphibious ancestors. From.its
innermost and inferior section is formed
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subsequently the permanent bladder of | amniotes ; man is a true amniote ” (#1d,

the amniotes, while the larger outer part | pp. 66 and 67).
Here we see that man shares with

shrivels up. Usually this has an impor-

tant part to play for a long time as the | three large groups of animals four |
respiratory organ of the embryo, a| distinct points in addition to the many
number of large blood-vessels spreading | brief similar stages through which he

or 05 Calees

m.",‘ca/béo('d.~ ~a
. helo«;uﬂeiform ‘,

enfo—t neifory

: F16. 10B.—THE APE’s FOOT. -
Note the os calcis and the astragalus. ‘These are not in the hand. It proves

the ape is not a four-handed anim

i colcaneum

‘of these

passes in embryo.

That these mem-
branes should have
been developed to pro-
tect the young in so
many animals so widely
unlike is nothing short
of a marvel, and the
wonder is all the more’
striking when we re-

member that the two

lower classes of verte-
brates live in the water,

_at least when young.

These membranes or
bags full of water pro-
vide the old element in
which the ancestors of
the three higher groups
had lived so long.

Is man a true mam-
mal?

The mammals are the
youngest and most ad-
vanced class of the
vertebrates. They are
derived from the older
class of amphibia, as
birds and reptiles are.
Yet they are distin-
guished . from other .
quadrupeds by many
striking features, Ex-
ternally, clothing.  of
skin with hair, posses-
sion of two kinds of skin
glands — sweat glands
and sebaceous glands,

A local development
sebaceous
glands on the skin of the

out over its inner surface. The forma- belly gave rise to the organ by which the
_tion of the membranes, the amnion and | mothers of these animals suckle their
the serolemma, and of the allantois, is ] young, called the mammarium, from
just the same complicated process of | which the whole class takes its name.
growth in man as in all the other| This organ is made up of milk glands
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and the “ mammary pouches” (folds of
the abdominal skin). In its development
the teats appear, through which the
young mammal is able to suck’ its
mother’s milk.

Internally, the most remarkable feature
is the muscular wall which divides the
hollow body into two chambers—the
chest and the abdomen. This dividing
wall is call the diaphragm, and is found
in all mammals.

The skull and the jaws present remark-

able formations. The brain, the olfactory
organ (nose), the lungs, the sexual organs,
the kidneys, and other parts of the body,
present features peculiar to mammals.
All these taken together point without
doubt “to an early derivation of the
mammals from the older groups of
reptiles and amphibia,” which may have
taken place at the latest in the Triassic
period—say fourteen million years ago.

In all these characters man is a true
mammal.

+ Is man a placental ?

The order of mammals is divided mto
three great groups.

1. Monotremes,

2. Marsupials,

3. Placentals.

These three groups differ in their
structure and development ; they also
correspond to three different historical
stages in the formation of the class. *

1. Monotremes correspond to the
Triassic period.

2. Marsupials
Jurassic period.

3. Placentals correspond to the Creta—
ceous period.

Each of these groups is marked by
the acquirement of some new structure
for the perfection of the animal, especially

correspond " to the

in relation to producing or nounshmg its

young,

One of the most important of these
organs is the placenta, commonly called
the after-birth. This organ serves the
purpose of nourishing the young before
birth. At certain points it is so delicate
in structure that the nutriment in' the
mother’s blood can pass directly into the

blood of the offspring. " This contrivance

makes its appearance late in the history
of mammals, and gives the unborn off- -
spring the opportunity of staying longer,
and developing more completely, in the

. womb,

Now, the first two classes, the mono-
tremes and 1narsupials,” have not this.
organ, and are called implacental. .

The placentals include the armadillo,
the whale, dolphin, elephant, pig, cow,
horse, sheep, rabbit tribe, cat, dog, mole, .
monkey, ape, man. .

Man is a placental animal. -

Does man belong to the primates ?-

The placentals may be divided into
four groups. These can be traced to
one common ancestral group, the pro-
choriata of the Cretaceous period. This
group is dlrectly connected with the
marsupial ancestofs. -

The four main placental groups. are
the rodents, the ungulata, the carmvora,
the primates.

The primates include lemurs, monkeys, K
man ; or, in other terms, half-s -apes, apes, :
man.

" All three orders agree in many 1mpor— :
tant features, and are at the sameé time.
distinguished . by these features from -
every other order of placentals.

One feature is the length of . their
bones, which were originally adapted for
living in trees ; hands and feet are five-
fingered, suited for grasping, -provided
with nails, and have no claws. - The order
of the teeth:is complete, - containing
incisors, canines, premolars, molars, )

They are distinguished from all other
placentals by important features in the -
skull and the brain.

Man is a true primate, -

He has descended through ancestors
of the Old-World monkeys, the catar-
rhine monkeys, all of which™ have the
same teeth as man—thirty-two.

These Old-World monkeys are either
tailed, the dog-like apes; or tallless, the
man-llke apes.

‘These man-like apes share certain
features with man, which seem to show
that man came through the family-line of
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" tailless apes, though not from any of the
present specimens. Man has in common
with them the same two hundred bones,
the same five hundred muscles; the
same groups of cells which build up his
brain, the same four-chambered heart,
the same. thirty-two teeth in the same
order, the same salivary, hepatic, and
gastric glands, the same reproductive

_organs, both internal and external.

Haeckel .has taken us through all the
groups of vertebrates with greai care,
and we have seen that man as clearly
belongs to -these groups as does -any
other animal. We shall deal more fully

with monkeys, but so far we have found
nothing to prevent our grouping man
with * the lower animals.” )
_ It is true we find certain differences in
size, and shape between the organs of
man and the ape, but we also find dif-
ferences between the higher and lower
races of men. Nay, more, we find con-
siderable differences in_the size and
shape of many organs among English-
men. When -carefully examined, their
noses, ears, hands, and feet are by no
means so0 exactly alike that we can
suppose they have been cast in one and
the same mould. )

-~ . CHAPTER IV,

“MAN AND
‘To the wellinformed ‘it must seem
" unnecessarily ancient to-give a chapter
.-to show man’s relationship to apes and
. monkeys. They have already made up
~“their minds on this-point. Men have
" long since embalmed the brilliant wit
which shone around the *missing link ”
and ended in the popular dogma' that
~‘man had come from a tailed monkey.
Prejudice -may- bring out this dusty
mummy on feast days to give hope and
“amusement to the unthinking; but the
serious student soon discovers that there
- is no missing link, and that if man had
come from-any living -monkey it would
xot be Evolution, but a miracle; -
"~ It is probably quite as true to say that
. man has come from a monkey as that he
" came from’a mole. - For men, monkeys,

‘and moles- had at -one stage’ common-

' ancestors. ST

»—-- Much amusement can be got from
_studying the difficulties of those to
~whom . the word Evolution has  no

. “meaning, for'tbey_spend rau their time |

MONKEYS

seeking small points of difference -
between' man and the apes. I have
been seriously told that Evolution is not
true because man has two nerves on the
side of his head which are not found in
monkeys ! Such objectors say that they
would believe in the doctrine of modifi-
cation by descent if man were exactly
the same as the apes. In other words,
they would believe in Evolution where
there had been no Evolution.

In looking at the whole kingdom of
animals, we divide them into large

- groups, in which evéry division of the

group possesses some common character
or characters—as the invertebrate and
the vertebrate. . The- mammals may be
divided into eleven orders, the highest
of which is the primates. We have to
inquire, therefore, whether man natur-
ally fits into this order, or whether he
demands an order to himself, as the old
naturalists used to think. This method
of grouping is called classification, and,
if we turn to any scientific book on
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zoology, we find that man is regarded as
a member of a single order, the primates.
I read this description of all members
of this order: “The primates may be
defined :— -

“1. By the possession of perfect

clavicles which articulate with the top of

the sternum, or breast bone.

“2, The radius and ulna, and tibia
and fibula, are complete, and are not
anchylosed with one another (excepting
only the odd little animal, a sort of
lemur, called Tarsius, found in Borneo,
etc.). . '
“3. The hallux (the great toe) has a
flat nail, and is commonly opposable to
the other toes. : ,

“4. The pollex (the thumb) is also

~usually opposable to the other fingers.

‘5. The typical arrangement of teeth
1s: ) ’

.2—2 I — I 2 -2
1 5 c i pom, or .
2 — 2 I — 1 2 - 2 g .
R o = 32 or 36.
3—3 3—3 .
y m.
3—3 3—3

“6. I.ﬁ no instance are there more
than thirty-six teeth altogether, and the

-molars always have broad and tubercu-

late crowns,
*“7."The mammary glands are typi-

cally two in-number, and are almost | .

always on the chest. -

“ 8. The placenta is discoidal.” ™

These eight points, which are common
to hundreds of different species of
animals, would be sufficient to settle the
classification of those animals in' one
order if it were not for human vanity and
prejudice.  Nodifficulty would be raised
to this way of grouping if we were dealing
only with birds or reptiles. The scien-
tific man would be satisfied that animals

* The teeth exactly in front are called incisors,
four above and four below ; the next are called
canines, one on each side above and below ;
next are the pre-molars, which may be two or
three on each side above and below ; finally,
there are the molars or grinding teeth, three on
cach side above and below, .

with so many points in common must be
placed i one group. e e
The order, primates, may be - divided
into three families -—
1. The Lemuroids.
* 2. The Sirnioids. -
3. Man.

© 1. Lemuroids.

This group contains the prosimii (half-
apes). They are small animals, which
live in'trees ; their fore limbs are shorter
than their hind limbs ; the great toe is
opposable to the other toes ; so.also, as.
a rule, is the thumb to the fingers.” The-
second " digit of the.foot has a curved
claw ; but in the typical lemuroids the
other digits of both feet and hands have
nails, those of ‘the great toe' and thumb
being flat, while those of the othér digits
are more claw-like, T B

The nostrils are twisted and ' curved,
with their convexities turried outwards
and placed "at the end of the snout.
There may be two abdominal mamnfary
glands, or “there may be abdominal
mamme in addition to the two on the
chest. None of the lemuroids have a
prehensile tail, cheek pouches, or natal
callosities. B

Speaking = roughly; “their centre. is
Madagascar, = The lemur itself- bas
thirty-six teeth. '

2. Simisids.

- These include all the monkeys. and

apes—called” by Owen ‘the catarrhine
and platyrrhine monkeys. - - .
These are distinguished from the other
members of the primates by having the
great toe much shorter than .the other
toes and always opposable. There is a.
space (diasterma) -betwéen- the upper
canine teeth " and the. incisors, and
between the lower canines and the first,
premolars, the large canine teeth being
thus able to pass each other when. the
mouth is closed. - - - -
There is but a single pair of mammary
glands, and these are on the chest, In
many cases the cheeks are distended
into “cheek-pouches,” and . there are
often spaces of thickened and naked
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skin on the rump, called “the natal
callosities.” - - :

The Simioids are divided into three
groups—(1) the Arctopithecini (marmo-

. sets); (2) the Platyrrhini(spider monkeys,
howling monkeys, woolly monkeys, etc.);
(3) the Catarrhini (macaques, baboons,
apes, gorillas, etc.). .

Groups (1) and (2) are found only in
America, and group (3) is confined
entirely to the warmer parts of the Old
World, and, except one species of
-macaque, is found only in Africa and
Asia and its islands. *

- The great: divisions are Platyrrhini
and’ Catarrhini. - Platyrrthine means
broad or flatnosed. The nostrils are
separated -by ‘a broad division (septum)
'and opepn sidewards. Catarrhine means
down-nosed. " The nostrils are separated
by ‘a narrow division (seprum), and so
directed as to look downwards. -

Platyrrkini—This group inclides all

- the. American monkeys. except group
one, the marmosets. The tail is long
and commonly prehensile; there are

‘no cheek pouches or natal - callosities,
the fore limbs are shorter than the hind
limbs,"and the thumb is not opposable
to the fingers. - There are three molars
on each side of each jaw, as in the
cafarthini and in man, while there is a
premolar more on each side -than in
these. “The number of the teeth is thirty-
six. ‘These monkeys live in trees, partly

“on fruits and partly on insects.

Catarrkini—These " include all the

-monkeys ,and apes of the Old World.
The tail may be long -or’ short, or
-wanting, but is never prehensile. Cheek
pouches. and natal callosities are often
present, The thumb (wanting in colobus)
1s opposable to the fingers. The number

" of molars and premolars is the same as |

in man, and they have thirty-two teeth,
asmanhas. They are essentially African
and Asiatic. ~ A single species, the
_ Barbary ape (macacus inuus), is found on
the Rock of Gibraltar, and is the only
monkey which inhabits Europe. No
monkeys are found “in Australia, but a
species of macaque lives on the island of

“fingers.

Timor, and thus belongs to the Ausira-
lian province.

The anthropoid apes form the highest
section of monkeys. They are without
a tail or cheek pouches, and usually
there. are no natal callosities,. They
include the gibbons (Ayldares), the

‘orang-utan (szmia), the gorilla, and the

chimpanzee (anthropopithecus). (The
gorilla and chimpanzee used to be called
troglodytes, but this name is now con-
fined to a genus of birds.)

In the anthropoid apes the fore limbs
are longer than the hind limbs; the
animal can progress, in a semi-erect
position. The cecum has a vermiform
appendix ; the sternum is broad and flat,
as in man. The thumb is never rudi-
mentary, and is always opposable to the -
The great toe is joined at an
angle to the other toes, and is opposable,
The spine shows a slight curve, and
articulates with the back of the skull.
The canine teeth are large, especially in
the males; the muzzle projects to a
greater or less extent; the muscular
ridges of the skull are usually greatly
developed. .

In one species of the gibbons (the
siamang of Sumatra) there is a distinct
chin,

In the gibbon and the orang the arms
are excessively long, reaching consider-
ably below the knee when the animal
stands' erect. The hind legs are very
short, and there is no tail. :

The orang stands about four feet high,
never progresses by the help of a stick
or walks erect at all, except along the
branches_of trees, or when attacked.
When young, the head of the orang is
not very different from that of an average
European child ; but as the animal grows
the facial bones are very much produced,
and the muzzle becomes as pronounced
and well marked- as in many .of the
carnivora. - The orangs live in trees and
form for themselves a sort of nest or
shelter in them. The _forehead is
rounded, the cerebrum is greatly con-
voluted, and the canine teeth of the
males are very large.
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The chimpanzees have shorter arms | are enormously developed, and the
than the gibbons or orangs ; still the arms | canines are large. The fore limbs are
are longer than the hind limbs. They | long, and extend to about the knees when
can stand erect, but their natural mode | the animal stands erect. The palms and
of progression is on all fours. The hands | soles of the feet are naked and hairless,
are naked to the wrist, and the face is | black in colour, the fingers rendered in
also naked. The chimpanzee lives in ! appearance shorter than they really are

FI16. 11.—THE ORANG-UTAN (Simia Satyrus) sitting in its nest.
From a specimen in the Cambridge Museum, from Shipley and MacBride's Zoology. (By kind permission.)

society in wooded districts, and con- | by the extension forwards of the skin
structs a kind of nest. between them. The cranial capacity is

The gorilla is much larger than the | about thirty-one cubic inches, that of the
chimpanzee, the full-grown male being { average Australian being seventy-five
over five and a half feet high. The | cubic inches. - The gorilla is essentially
muzzle is prominent, the supraciliary f a tree-living animal, and the male builds
ridges and the sagittal “crest of the skull 'a sort of nest in a tree, in which the
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female brings forth her young. It is
found in equatorial Africa, and is a
strong, ferocious animal.

Such is a bare outline of the family of
the Simioids, after Nicholson.

If. we read this account, bearing in
mind that man is not supposed to be
descended from any of these, but that
they may be regarded as distant cousins
to man, he and they being all descended
from some common ancestor or ancestral
group, we cannot fail to be struck with
many points  of family likeness. We
note that there are many indications of

"human features, and we .must always
bear in mind that an organ is not a really
different organ because it is larger or
smaller. An arm is an arm whether it
is two feet long or three feet long. -

The “gorilla is nearest man in the
structure of the hands and feet. - -

The chimpanzee is nearest man in the
form of the skull. ~ '

The orang is nearest man in the
development of the brain.

The gibbon is nearest man in the form
of the chest.

" Just as several cousins or half-cousms
may resemble each other in pa.rtlcular
-features.

And ‘we must remember that the
young anthropoid ape is always more
like the-human child than the adult ape
is like adult man. ) -

Man (Homo). '

. Turning to Nicholson again, we find
that man (Homo) is distinguished from
the.‘other primates by his habitually

erect ‘posture, and by walking on two

feet. The lower limbs are exclusively
devoted to walking and to supporting
the- body, the foot being broad and
plantigrade, with a well-developed heel.
When the skeleton is studied the great
toe is seento be shorter than the second
toe, with which it is placed in a line, and
it.is not-opposable. The fore limb is
shorter than the hind limb. The thumb
_is joined at an "angle to the fingers, and
is not only opposable, but is capable of
being drawn to or from the fingers. The
spine has a double curve. In the skull

there is no sagittal crest, and the supra-
ciliary ridges are little developed. The
lower jaws are joined so as to form a
well-developed chin. There are thirty-
two teeth, which form a nearly even
series, without any interval. The canines
are not markedly larger than the incisors.
The capacity of the brain-case varies
from about fifty to over one hundred
cubic inches, and is never less than forty
cubic inches.- The brain averages from
forty-five to sixty ounces in weight, the
cerebral lobes- being proportionately
larger, and its surface being more abun-
dantly and deeply convoluted than is the
case with any other mammal.

Lastly, the development of hair is but
partial, and man is the only terrestrial
mammal . in’ which the body is not
provided, at any rate on its back, with a
covering of hair,

Nicholson concludes: “At the present
day it is usual to regard man, from a
purely zoological point of view, as con-
stituting a special section (Anthropidz) -
of the order Primates, or a special
family (Hominidz) of the Simioidz.”

This account is not quite clear in one
respect—vxz as to which are the charac-
teristics by which man is “distinguished”;
but, to be quite sure, we may take the
whole list of points in this description.

I do this because some uneducated
people, who have just heard of Evolution,
talk loudly of “the missing link.” During
the last forty years this phrase has been
the shiela of much ignorance, and I
cannot but think it has been greatly
exaggerated sometimes by really scientific
men. .

* We have seen (p. 16) that, at the

beginning of tne vertebrate series, there -

were links enough to join the vertebrates
to the invertebrates. No fewer than
three classes of animals were found so
like invertebrates that only by the closest
scrutiny had it been discovered that they
possessed the one organ—the notochord
——which marks the whole vertebrate
class.

In the same way we found (p. zo)
that at the commencement of the Order
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of mammals there was no break in the
series. True, there were found new
structures which mark all the class of
mammals, but with them appeared other
structures which joined the  lowest
mammals in many points with birds or
reptiles or amphibia or fishes. So that
mammals, far from standing alone, are
connected with the whole family of the
back-boned by many ¢links.”

Now we come to the last and highest
order of mammals, called primates,
meaning the first order. ,

Do they start on some entirely
new principle, having no points of
connection with the lower mam-
mals? By no means.

At the bottom of this order,
primates, stands the class of
lemurs, which in many points are
like the class next below them—
the insectivora. _But that there
shall be no break, we find a family
of insectivora so strange -that it
has "to be classified by itself, as
possessing so many marks of the
insectivora andthe lemurs. These
little creatures are called Galeo-
pitheci, found in Borneo, Malacca,
and Sumatra. Thereare only two
established species, and one of
them possesses the power of flight,
and is commonly called “the
flying lemur,”

The insectivora contain the
bat, the mole, the hedgehog;
and the “flying lemur ” is a strong
connecting-link between the in-
sectivora and the lowest primates.
On the other hand, a little lemur,
called the aye-aye of Madagascar,
looks like a large squirrel, -and
has teeth resembling those of a rabbit,
but no canines, :

But perhaps nothing will more clearly
show the relationship of man to the rest
of the order primates than to examine
separately the points given in the above
account of him.

Man has habitually the erect posture,
and walks on two feet. But no child
has the power to walk erect at birth,. It

acquires this by a slow and laborious-
process, and for a long time every
mother has to allow her infant to be a
quadruped. The chimpanzee can stand
erect, and some of the higher apes can
walk on their two feet in a half-erect
position, supporting themselves by touch-
ing the ground with their knuckles.
There is no lack of a connecting-link
here. : o

In consequence of man having fully
acquired the habit of walking erect, and
thus bearing the weight of the body on

F1c. 12.—HuMaN BraIN,

This represents the 'view of the brain as seen in its place, if we
looked down on its top-surface. SI
horizontal branch of the fissure of Sylvius. The other letters
refer to the same parts as in Fig. 14,

shows the end of the

two limbs, of course the lower limbs and
the feet also become more developed,
but they have not acquired any. new
muscles or bones. . @ -
The great toe (ka/lux) is shorter tha
the second toe ; it cannot be * opposed ”
to the other toes, and lies in a line with
them. In- some of the platyrrhine
monkeys the great ‘toe is: so much
smaller than the rest as to be quite a
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rudiment, and cannot be *opposed” to
them. ; )

The fore limb is shorter than the hind :

limb ; so it is among the marmosets and
niost of the platyrrhine monkeys,
The thumb is opposable to the fingers;
so it is in all the Old World monkeys.
There is no sagittal crest, and the
ridges over the eyes are little developed.

Fi1. 13.—HuMmaN Brain.

teeth, and the fact that they are only
“nearly even” in man shows their
resemblance to those of apes which are
only less even. The canines are not
markedly larger, but they aze larger, and
this is all that can be needed to show
that they are not even.

Man 1s not covered with hair, but we
have seen (p. 26) that in an early stage
before birth he is covered with
hair, and we also know that in
the chimpanzee and the gorilla
the hands and feet are naked.

In all these and in many other
points it can be shown that man
has no physical feature which is
not also possessed in some degree
by other animals. If these are
not “links,” what can be the
meaning of the word ?

But, says one, there is the
most important organ of all—the
brain. We will, therefore, follow
Huxley. (See Figs. 12 and 13.)

The brain of apes and man.

What really constitutes a great
and what a small difference in
this organ? We shall see best
if we study some of the chief
modifications which the brain
shows in the series of vertebrate
animals.

The -brain of a fisk is very
small compared with the spinal
cord into which it is continued,
and with the nerves which come

Shows the base or under surface of the brain as we should see it
from beneath, Here the brain has been turned over so that we
look at its under surface. Base of the brain.—1. Superiorlongi-
tudinal fissure; z, 2, 2. Anterior cerebral lobe; 3. Fissure of
Sylvius, between anteriorand 4, ¢', 4”, middle cerebral lobe ; 3, 5
Posterior lobe ; 6. Medulla oblongata (the figure is in the night
anterior pyramid) ; 7, 8, 9, 10. The cerebellum ; 4, the inferior
vermiform process. Thefigures from L to IX. are placed against
the corresponding cerebral nerves; III. is placed on the nght
crus_cerebri; VI and VII on the pons Varolii; X. the first
cervical or suboccipital nerve. (Allen Thomson.)

I am informed that the woolly monkey | upper

off from it; no one of its seg-
ments is so much larger than the
rest as to cover them; the so-
called optic lobes are frequently
the largest masses of all.

In septiles the mass of the
brain increases in proportion to
the spinal cord, and the two
and chief divisions, called the

of Venezuela has no sagittal crest.

The lower jaws are joined to form a
chin ; so they are in the siamang, one of
the gibbons.

There are thirty-two téeth in a zearly
even series,
and marmosets have only thirty-two

All the catarrhine monkeys.

cerebral hemispheres, begin to be much
larger than in other parts; while in
birds they are still more marked in their
size.

The brain of the lowest mammals
(platypus, opossums, and kangaroos)
exhibits a still clearer advance in this
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direction. The cerebral hemispheres
have now become so large that they
more or less hide the representatives of
the optic lobes, which remain compara-
tively small.  (See Figs. 14 and 135.)
There also appears the beginning of a
new structure, the “corpus callosum.”

The corpus callosum is eften called “the
great commisure,” because, when fully

A step higher in the scale, 1amon’g the
placental ‘mammals, the brain seems to
undergo a great change in its structure—
though there is not a great change in the
external view of a rat.or rabbit as com-
pared with & marsupial, neither are the.-
proportions of its parts' much changed ;
but the new'structure (the corpus- callo-
sum) has developed to what is known as-

Fic. 14,—HUMAN BRAIN.
This represents a side view of the outer brain as it would appear on the left side of the head, if the skull bone

were removed. Lateral view of the brain (semi-diagrammatic).
Occipital lobe; T, Temporo-sphenoidal lobe; S, fissure of Sylvius; &,
the same ; ¢, sulcus centralis (fissure of Rolando); A, ascending frontal; B,
F1, superior ; Fz, middle; F3, inferior frontal convolutions; f1 superior,
sulcus ; Pr, superior parietal lobule ; P2, inferior parieta

centr.
yrus, and P2, angular
rst; Og, second ; O3, thir
02, sulcus occipitalis inferior; Ti, first ; T2,
tz, second temporo-sphenoidal fissures. (Ecker.) ,

g)’rus ; 1p, in

developed, it is found between the
central hemispheres, connecting them
together. This structure is very small
in monotremes and marsupials. But,
owing to the development of the cerebral
lobes and the beginning of this connect-
ing structure, the brain of a marsupial is
extremely different from that of a bird,

reptile, or fish,

F, Frontal lobe; P, Parietal lobe; O,
horizontal ; §%, ascending ramus of
ascending parietal convolution ;
f2 inferior, frontal sulcus ; f3, prae-
lobule, consisting of Pz, supramarginal

S35, arietal sulcus 3, cm, te_rrpination of calloso-marginal fissure ; O,
occipital convolutions ; po, parieto-occipital fissure ; o,
second ;

, transverse occipital fissure;
T3 third temporo-sphenoidal convolutions ; t, first ; -

a true corpus callosum, so as to have a
definité function, - . . o

This seems to be the most sudden
modification shown by the brain in the
whole series of vertebrate animals—it is
the greatest leap anywhere made by
Nature in brain development.

For the two halves of the brain being
thus once knit together, the progress of
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the brain’s complexity can be traced
‘through a complete series of steps from
‘the rabbit or the mole to man. This
complexity consists chiefly in the dispro-
portionate development of the cerebral
hemispheres, and of the lower and back
portion of the-brain called the cere-
bellum, but especially of the former. -

In the Jower placental mammals the
cerebral hemispheres leave a large part
of the cerebellum visible at the back of
the brain when we look at it from above ;
but in the higher mammals the hinder

In the lower and smaller orders of
placental mammals the surface-of the
cerebral hemispheres is either smooth or
evenly rounded, or shows a very few .
grooves (the sulci) and separating ridges
(the convolutions) of the substance of the
brain ; and the smaller kinds of aZZ orders
tend to a similar smoothness of brain.

" But in the Aigher orders the grooves
become very numerous, and the ridges
between are much more complicated in
their twisted lines, until, in the elephant,
the porpoise, the higher apes, and man,

Fic. 15 —HOUMAN BRAIN.

e in the medi

gyrus fornicatus ; I, gyrus hip,

View of the right hemjsphe
- Givided; GE

aspect (semi-diagrammatic). CC, corpus callosum longitudinally
i h, sulcus hipp

gyrus ; cm, calloso-

my pi; U, v ,
margina.l fissure ; F't, median aspect of first ontalpconvolutxon 3 ¢, terminal lgon:mn of sulcus centralis (fissure
of 1. 4 \; P H

A, ding

frontal; B, ascending parietal convolution ;

, prcuneus; Oz, cuneus; po,

‘parieto-occipital fissure ; o, sulcus occipitalis transversus j.0c calcarine fissure ; oc/, superior; oc”, inferior

ramus of the same; D,
- . -poralis medialis, =~ "

part of each hemisphere inclines back-
wards and downwards, and grows out so
-as to overlap and hide the cerebellum.
In alZl mammals each cerebral hemi-
sphere contdins a cavity (the ventricle),
“and as this cavity is. prolonged on the
“one hand forward and.on the other
downward, into the brain substance, the
cavity . is .said .to have two horns (the
~cornua). Later there .appears a third
- prolongation of . the cavity, extending
into that-part of the brain called the
posterior lobe, _This hollow is called the
posterior horn. . - - -

gyrus descendens ; T4, gyrus occipito-temporalis lal

; Ts, gyrus occipito-tem-

the surface of the brain appears a perfect
network of twisted foldings.

‘At the back part of the brain, where
the hollow called the posterior horn
appears, there is commonly a particular
groove upon the inner and under surface
of the-lobe, beneath the floor of the
posterior horn, which is, as it were,
arched over the roof of the groove. It
is as if the floor of the posterior hom
had risen as a convex eminence. This
eminence is called “ Hippocampus
minor ”’; the function of this structure 1s
not known,
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Now, omitting a great deal, we will
fix our attention on the three points
which have been declared again and
again to be peculiar to, and charac-
teristic of, man. These three points
are :—

The posterior lobe ;

The posterior homn ;

The hippocampus minor. .

It has been demonstrated without
doubt that these three portions are
among the most distinctly ape-like pecu-
liarities which the human body shows !

As to the ridges (con-
volutions), the brains of
apes show every stage of
progress from the almost
smooth brain of the mar-
moset to the orang and the
chimpanzee, which fall but
little below man. (See Fig.
16.)

% And it is most remark-
able that, as soon as all the-
principal grooves appear,
the pattern according to
which they are arranged 7s
identical with that of the
corresponding grooves of
man. The surface of the
brain of a monkey exhibits
a sort of skeleton map of
man’s, and in the man-like
apes the details become
more and more filled in,
until it is only in smaller
characters, such as - the
greater depth of the front
lobes, the constant pre-
sence of fissures' usually absent in
man, and the different arrangement and
proportions of some of the convolutions,
that the chimpanzee’s or orang’s brain
can be structurally distinguished from
man’s.”

“So far as the bram is "concerned,
therefore, it is clear that man dlﬂ’ers
less from the chimpanzee or the orang
than these do even from monkeys, and
that the difference between the brains of
the chimpanzee and of man is almost
insignificant when compared with that

betwes een the chimpanzee -brain and that
of a lemur!”

As far as man is concemed there is
clearly no “ missing link ” in the develop-
ment and structure of his brain. -

Those who wish to pursue this inquiry-
must read Man’s' Place in Nalure, by
Professor Huxley, T

After an exhaastive exammatton, he
thus sums up : “Thus, whatever. system
of organs be studied, ‘the comparison of
their modifications in the ape series leads
to one and the same result—that"the

N

\A‘\

Fi1e. 16.—~MoONEKEY’s BrAIN.

Rrain of the Orang, showing the arrangement "of the convolutions.
fissure of Sylvius; R, fissure of Rolando; £ P, external perpendicular .
fissure ; OLf, olfactory tobe ; Cb, cerebellum ; 3 P
medulla oblongata. As contrasted with the human brain, the frontal
lobe is short and small relatively, the fissure of Sylvius is oblique, the

. temporo-sphenoidal lobe ver&promment. and the external perpendxcular
fissure very well-marked. (

Sy,

arolit ; M O,

V, pons

ratiolet,) -

struc‘tural differences Which separate man
from the gorilla and the chimpanzee are
not so great as those which separate the
gorilla from the lower apes.” :

Still he emphasises the fact that the
differences between man and the highest
apes are not small and insignificant. | He
adds: “Let me take this opportunity,
then, of distinctly asserting, on the con-
trary, that they are great and significant.”

He points out that there is no existing
link or intermediate form between man
and the gorilla; but in the same way



48

MAN AND MONKEYS

there is no existing link between the
gorilla and the orang, or the orang-and
the gibbon. Yet no one doubts that
these latter are all of - one and the same
order. *

One further line of-inquiry is left.
Are there any fossil remains of man

which would help to bring existing men.

into closer relationship with the ape
family ?

We know that, so far, scarcely any
'portion of the rocks of the earth has
" been explored in comparison with the
unexcavated part. The marvel, there-
fore, is not that we have found so few
‘remains of primates, but rather that we
_have found so many. In two' cases
remains were found which caused con-
siderable excitement. Skulls were found
"in the cave of Engis, in the villey of the
Meuse, in Belgium, and in the cave of
Neanderthal, near - Diisseldorf. It is
agreed that these skulls are those of
human beings; the one found at
Neanderthal seems to offer ' features
‘which-show a low savage type, and in
two or three points it is more ape-like
than the skull of the average savage of
to-day.

A fossil ape-man found in Java has

“seemed to some to give the lowest form | 'm
who concludes that Homo Javanensis

- of 'a human being yet discovered. This
ape-man has been named the pithecan-
»thropus erectus (the erect ape-like man)

-Mr. A. H. Keane, F.R.G.S,, late Vice-
President of the Anthropologlcal Insti-
tute, has written a valuable book on
Man: Past and Present (1899). In
dealing with ancient skulls and the ape-
like man of Java he says: “ It must be

. obvious that if -man is specifically one,
though not necessarily sprung of a
‘single pair, he must have had a single
cradléland.”

"4 Tt follows, further—and thxs point is
allimportant—that, since the world was

_peopled by pleistocene man, it was
peopled by a generalised proto—human
form, prior to-all later racial differences.”

7 “No doubt Dr. R. Munro is right in
suggesting that during the larger portion
of the quaternary (pleistocene) period, if

not, indeed, from its very commence-
ment, ‘man had acquired his human
characters—that is, the more general
qualities by which man is distinguished
from the other anthropoid groups.”

This statement ‘‘acquires a large
degree of probability, if not absolute
certainty, by the remains of pithec-
anthropus erectus, found in 1891 by Dr.
Eugene Dubois in the. pliocene beds of
East Java—that is, in the very region
which more than one eminent naturalist
had pointed to as the probable original
home of mankind.”

The human character of these remains
has been placed beyond reasonable
doubt,

“Nobody now denies that they at
least represent a form intermediate
between man and the higher apes, or,
rather, between man and the generalised
simian prototype, which is practically
the same thing. They do not bridge
over the impassable gap between man
arid the gorilla or chimpanzee ; but they
form, none the less,-a true lmk which
brings man much nearer than before to
the common stem from which all have
diverged.”

" “No one has studied this question
more, carefully than Mr. L. Manouvrier, -

walked erect, was about the medium
height, and a true precursor, possibly a
direct ancestor, of man.’

He handles Virchow severely.

He points out that the cranial capacity
decreases with the antiquity.of all the
skulls hitherto brought to light, and that
this skull has a capacity of from goo to
1,000 cubie centimetres—that is, “stands
at the level of the smallest Wthh have
been ~ occasionally found . among the
reputedly lower savage peoples.”

Manouvrier adds, “that it may perhaps
be more directly connected with the
Australian race. The differentiation of
the human races having probably been
but slightly developed in the pliocene
epoch, I may be permitted to suggest
that the race of Trinil (Java) was the
common ancestor of many human races,
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if not of all those which have been
subsequently specialised.”

Dr. D. Hepburn says “the femur is
distinctly human, and antedates all other
human remains hitherto discovered ;
and that of living races the -nearest
akin are the Australians, Andamanese,
Bushmen, thereby lending support to
the view that these low races spring
from a common primeval stock, which
originally inhabited the now vanished
Indo-African Continent.”

The pliocene inhabitant of Java may
thus in a sense be taken as the long-
sought-for * First Man”; and the Indo-
Malagasian inter-tropical lands may also
be, with some confidence, regarded as
the cradle of the human family.

In' that truly great work Z%e Cam-
bridge Natural Hisfory, vol. x. is
devoted to mammals. This work is
edited by Mr. Frank E. Beddard, M.A,,
of Oxford, F.R.S, Vice-Secretary and
Prosector of the Zoological Society,
London ; and this volume was pubhshed
in 1902 Pithecanthropus erectus is
here placed under man-ike apes; but,
when dealing with man, we read:
* Pithecanthropus, perhaps, is a member
of this family ; but its remains permit
us to leave it among the Slmudae, at
least for the present. The skull in its
profile outline stands roughly midway
between that of a young chimpanzee
and the lowest human skull-—that of
Neanderthal man. This creature is truly,
as Professor Haeckel put it, ¢ the long-
searched-for * missing-link”’; in other
words, it represents ‘the commence-
ment of humanity.””

Of the fossil pithecanthropus -erectus,
discovered, as already mentioned, in
Java, in 1891, by Dr. Eugene Dubois,
Professor Haeckel says :—

“The remains are scanty—the skull
cap, a femur, and ‘two teeth. It is
obviously impossible to form from these
scantyremainsa complete reconstruction.”

The more important points are the
following :—

“The remains rested upon a con-
glomerate which hes upon a bed of

marine marl and sand of the pliocene -
age. Together with the bones of the

pithecanthropus were found those of

the stegodon, leptobos, rhinoceros, pig,

cat, hyzna, hippopotamus, etc. .

“Tt is remarkable that the first two of
these genera are now extinct, and that
neither hippopotamus nor hyzna, exists
any longer in the Oriental region.. Ifwe
may judge from these fossil remains, the
bones of the pithecanthropus are not
younger than the oldest pleistocene, and
probably belong to the upper pliocene.
The teeth are like those of a man. The
femur also is very human, but shows
some resemblances to that of the gibbon.
Its size, however, indicates an animal
which stood, when erect, not less than.
five feet six inches high. The skull-cap-
also is very human, but with prominent
eyebrow ridges, like those of the Nean-
derthal cranium.

“The final result of the long discus-
sion at Leyden was that, of twelve
experts present, three héld that the
fossil remains belonged to a low race of
man ; three declared them to. be those
of a manlike ape of great size; the rest
maintained that they belonged to an
intermediate - form  which directly con-.
nected primitive man with the anthro-
poid apes. This last view is the right
one, and accords with the laws of logical
inference.” The pithecanthropus erectus -
of Dubois is truly a pliocene remainder.
of that famous group of highest catar-
rhines which were the intermediate
pithecoid ancestors of man.- He is, in-
deed, the long-searched-for missing link.”

At the Leyden Congress this view was
attacked by Professor Virchow. This
eminent ‘‘ pathologist cannot allow him-
self to think of man “as a descendant of -
apes "

He first said the skull and thlgh -bonre
did not belong to the same animal.
This the expert paleontologists refuted.

He then explained that certain growths
on the  thigh-bone proved its human
nature, for the patient could never have
been healed of its original injury, except
under careful treatment. Professor
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Marsh showed a number of thigh-bones
of wild monkeys which had similar
growths on them, and which had healed
without hospital treatment.

“Then,” said Virchow, “the deep
constriction behind the upper margin_of
the-orbits proved that the skull was that
of an ape, as such never occurred in
man. It happened that a few. weeks
later Professor -~ Nehring, - of Berlin,
demonstrated exactly the same forma-
tion - on. a human prehistoric skull
received by him from Santos, in Brazil.”
. Poor " Virchow, like all men who,
_through “prejudice, oppose the -truth,
had shifted and shifted in vain! I give
“these facts because he iis by far the

. greatest scientist who opposed Evolu-
tion, and because he showed so clearly
the methods to which these opponents
are all reduced. )
"~ Haeckel continues;- “It is established
that the oldest mammalia ‘were small
insectivorous ' mammals- with . a very
primitive organisation. - Probably they
were monotremes, and may be derjved
directly from Permian Sauromammalia,
an ill-defined mixture of mammalia and
reptilia.”. This generalised characteristic
- supports our view that the whole class of
mammalia is monophyletic, and that all
its members, from the oldest mono-
tremes upwards to man, have descended
from one common ancestor living in the

older triassic, or perhaps permian, age.

‘To acquire full conviction of this impor-
tant conception, we have only to think
" of the hair and the glands-of our human
skin,; of our diaphragm, the heart, and
the blood corpuscles without a nucleus,
our skull, with its' squamoso-mandibular
articulation, All - these singular and
~striking modifications of the vertebrate
" organisation are common to mammals,
and-distinguish them _clearly from other
Craniota. This characteristic combina-
-tion' and - correlation proves that they
have been developed only once in the
_history of the vertebrate™ stem, and that
- they have been transferred by heredity
from one common-ancestor to all the
. members of the class Mammalia.”

-In summing up his lecture on “dhe
Last Link,” given at Cambridge, August
26th, 1898, the learned Professor says:
“Four results stand out clearly: (1)
The primates, as the highest order of
mammals, form one natural, mono-
phyleticgroup. All the Lemures, Simiz,
and Homines descend from one common
ancestral -form, from a hypothetical
¢ Archiprimas.” (2) The Lemures are
the older and the lower of the natural
‘groups of the primates; they stand
between the oldest Placentalia (Pro-
choriata) and the true Simiz. (3) All
the Catarrhinal, or Eastern Simiz, form
one natural monophyletic group. - Their
hypothetical . common ancestor, the
Archipithecus, may have descended
directly or indirectly from a branch of
the, Lemures. (4) Man is descended
directly from one series of extinct Catar-
rhine ancesfors. The more recent
ancestors of this series were (tailless
anthropoids (similar to the Anthropo-
pithecus), ~ with five .sacral vertebre.
The remote ancestors were tailed (Cerco-
pitheci), with three or four sacrai verte-
brz. These four theses possess, in my
opinion, absolute certainty.. They are
independent of -all future anatomical,
embryological, and paleontological dis-
coveries which may possibly throw more
light upon the details.” -,

. He further adds: “Man alone com-
bines the four following features: (1)
Efect walk. . (2) Extremities differen-
tiated accordingly. (3) Articulate speech.
(4) Higher reasoning. -Speech and
reason are obviously relative distinctions
only—the direct result of more brains
and more brain-power, the so-called
mental faculties. The erect walk 1is
not-an absolutely distinguishing charac-
teristic. The larger apes likewise walk
on their feet only, supporting their
‘bodies by touching the ground with the
backs of their hands—in fact, with their
knuckles; and this is a mode of progres-
sion- very different from that of the
tailed monkeys, which walk upon_ the
palms of their hands.” -
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CHAPTER V.

THE FOUNDATION OF ALL LIFE

WHEN man began to take an interest in
the world around him, he tried to under-
stand its workings. Unfortunately, it
was necessary to-ask questions long
before he had enough knowledge or
reason to answer them. The child is
satisfied with a child’s answers to all its
- questions. So early man, with the mind
of a child, accepted explanations which
were no true explanations. And, just as’|
a child has to grow out of its ready-made
child-world, so the human race has been
for centuries growing out of its childish
notions of life and the problems of life.

Few men have grasped the fact that
the universe is one—one in its com-
ponent parts, in the laws which govern
it, -in the elements that compose i,
unless indeed it is formed of one
element, which seems likely. :

Nothlng shows this more clearly than
the common notion that there is a great
gulf fixed between animals and plants,
The greater number of men think that
there is nothing in common between
animals and plants. They rather hold
that these two forms of life are entirely
different, both in their natures and their
actions. No wonder, then, that such
people are quite clear that there is a
yawning abyss between living things and
lifeless matter, or, as it is usually called,
between the organic and the inorganic.

Yet this view greatly exaggerates the
facts. There is no such absolute and
impassable gulf between animals and
vegetables, or between hvmg stuff and
not-living stuff,

To understand this, we must lay aside
our common notions, and we must no
longer begin the great search for truth
by taking the hardest things first. The
secrets of the universe are onmly to be

discovered by beginning at the beginning,
and by learning her grand old A B'C.

If we take some living substance, say.
a part of a growing roat, a green leaf, or -
some of the fresh tissue of an animal,
and if an exceedingly thin slice or shred’
of such living material be placed in water
and examined under a microscope, it
may be seen to be composed of closely-
packed, distinct pieces. These pieces -
are called ce//s. Somenmes they show
clear cel/- wa//x, and a spot in the centre;
a sort of thickening, called the nwucleus.
(But some cells have no wall and no
nucleus.) “What is more important to
notice is that these cells, when taken
alive from fresh tissues, and preferably
from young growing tissues, are com-
posed of ‘a semitransparent, greyish
material, looking like thin gum, into
which small transparent granules have
been stirred. 7Tke substance whick has
this appearance is protoplasm, and is the
living part of the cells of all animals and
plants ’ -

It is a pity that this substance has
been called by such a bard Greek name,
for the substance itself is perhaps the
most wonderful thing in the world, and
we must learn much about it.

The name itself is from the Greek
protos, first, and plasma,  anything
moulded. Huxley called it “the physical
basis of life,” because life is never found
apart- from it. Perhaps we might be’
allowed to speak of it as Jfe-substance ;
this certainly would be far nearer the
truth than the old way of speaking of
life as something separate from matter.

The name *protoplasm” was first
given to the matter in _vegetable cells in
1846, but soon after it was discovered
that this matter was the same as that in
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animal cells; this brought the animal
and vegetable world into close union.
Later the many discoveries about proto-
plasm led some to suppose that the only
difference between living and not-living
substance was simply a difference of the
complexity of the chemical constitution,
_ The mere suggestion of the point is
enough to show of what vast importance
this substance is. Let us, therefore, try
and understand it. “Animals and
plants are alive and growing ; their proto-
plasm is alive and growing; we Znow
proloplasm only as a living substance.
Chemical analysis kills- it, and ‘dead
material is not protoplasm.” |

We know that protoplasm is a mixture,
not a single chemical substance. .

It is -alive, and; therefore, constantly
building ®p food materials into itself;
constantly breaking down' part of itself
in.the process of doing the work of
living ; -constantly forming substances

like cell-walls, like enamel, or wax, or |

horn, which are derived from protoplasm.
- “This protoplasm, as. we look at it
under the microscope, and as we must
think of it, is a flux of chemical materials,
some of them food in’ various stages of
the process -of building up into living
substance, some of them broken down,
~waste products from the living material
_which has been used up, and some of
them substances manufactured by the
living material.” -

To see protoplasm it is best to chooée
young growing cells, for in older cells
the living material is ﬁ'equently obscured
by the various substances it has made.

Protoplasm, “then, is not a definite
chemical compound, but a jelly-like sub-
stance one can see with the microscope ;
still, we know much of its chemical com-
position, for we know it is mainly made
up of compounds called proteids, and
‘they contain the five following sub-
stances :—

. Oxygern from zo0.9 to 23.5 per cent.
- . Hydrogen from 6.9 to 7.3 per cent.
- Nitrogen from 15.2 to 17.0 per cent.

Carbon from 15.5 to 54.5 per cent.

-Sulphur from 0.3 fo 2.0 per cent. -

One of these proteids, called albumen,
is the chief part of the white of egg. If
you break a fresh egg, the fluid mass,
which is almost colourless, will give you
a good, rough notion of what a proteid
is. And remember, this most marvellous
substance, protoplasm, is a compound
formed of several other compounds
called proteids, and, besides these, proto-
plasm always contains a large amount
of water, small quantities of carbo-
kydrates (such as glucose) and fass, and
traces of szon and of phosphates- and
sulphates of potassium, -calcium, and
magnesium ; so that, if there is in proto-
plasm any spec1al compound, the mole-
cules of this compound are probably
much more complex than the molecules
of proteids.

Now, turning away from this rather
difficult subject of chemistry, let us see

‘what protoplasm can do.

- First, 7 kas the power of movement.

To see this we may examine under a
microscope the cells, which form the
hairs of many plants, as nettles or the
Virginian  spiderwort (Z7adescantia).
The hairs are seen to be made up of
long, barrel-shaped cells placed in single
rows. The inner wall of ‘each cell is
seen to be lined with a layer of proto-
plasm (see Fig. 17, a). In or near the
middle of the cell is seen the nwuclens, a
rounded, dark, solid-looking mass. The
nucleus is embedded in another mass of
protoplasm, and from this to the layer
round the cell-wall there pass strands,
branching and running into each other.
In this “network of protoplasm may be
seen granules of different shapes and
sizes.

When the eye has become accustomed
to this nearly clear protoplasm, it may be
seen that constant streaming movements
take place, especially in the fine strands
to and from the nucleus.

 Another kind* of movement can be
seen in white blood-corpuscles. If we
watch one of these white corpuscles, we
see that the shape slowly changes (see
Fig. 17, 4). At first it may appear

covered with fine prickles, which are
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really extensions of the protoplasm of
the cell. These prickles are often called
processes. Sometimes these processes
lengthen, become thicker, and even bend
on themselves. The shape of the whole
cell is constantly altering, and the cell
itself slowly moves through the liquid in
which it is floating by putting out pro-
cesses on one side and by drawing them
in on the other.

This second kind of movement is
called amaboid. The
processes which are
pushed out or drawn in
are called psendopodia.

There are other forms
of movement, but these
are sufficient to show
that Zwing protoplasm
mowes.

Second, protoplasm is
irritable.

We must be careful
to learn the exact mean-
ing of this word *irrit-
able ” or ““irritability.”

All education, all pro-
gress, depends on the
fact that protoplasm is
irritable.

Irritability means that
the substance can be
affected by something
outside of it. This
something outside is
called a stimulus, and

"if more than one out-
side object acts upon
the substance, they are
called s#imuli (the plural

active budding.
of stimulus). Any sub- :

stance which shows it is acted upon by

a stimulus is said to zespond to the
stimulus.

The shock of the removal of proto-
plasm from a plant or animal may have
stopped its motion. But gentle warmth
or an electric shock may cause it to
move again. This proves that proto-
plasm responds to stimuli.

The stimulus may take’ many forms—

of shape undergone during five minutes.

Purity or impurity of the fluids in which
the organisms are living serves to increase
or lessen the activity of protoplasm.
Another word for many of these stimuli
is environment. We see, therefore, that
protoplasm is greatly influenced by
environment, just as plants and animals
are. :
Protoplasm is irritable.

Third, protoplasm absorbs food.
Sometimes, as with animals, the food

Fi1G. 17 (after Mitchell).

a. Cell from staminal filament of plant, Tradescantia. The protoplasmic
threads are light, and in them are contained the nucleus and chlorophyll
granules. The spaces between the threads are filled with coloured cell sap.
4. A white or amceboid corpuscle from the blood of a frog, showing changes

¢. Group of yeast-cells exhibiting'

consists of the bodies of other animals
and of planis; sometimes, as in most
plants, the food is purely “dead matter”
(inorganic).

Fourth, protoplasm has the power of
respiration.

Protoplasm is constantly exchanging
gases with the surrounding air, or with
water ; this is called respiration.

Fifth, protoplasm grows as the result of

light, food, variations in the fluids. | feeding.
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Sixth, protoplasm has the power of
reproduction.

The separate cells do not grow inde-
finitely large. After having reached a
certain size, a cell on the point of over-
growth gives off a bud, which grows into

F1G. 18 (after Mitchell).

a. A singlecelled animal (belonging to suctorial Proto-
zoa) with delicate spherical cell-wall, and long-
knobbed pseudopodia: within the protoplasm lie a
small nucleus and a largecontractile vacuole. &. The
same ; the contractile vacuole has disappeared, the
contents being extruded ; the shrivelling of the cell-
wall shows the loss of bulk undergone.

another cell, or which divides into two
daughter cells. This method of repro-
“ducing is called budding (see Fig. 17, ¢)
or gemmation. =

It is the simplest kind of reproduction,
and is really a form of growth,

Seventh, profoplasm excretes, or turns
out waste products.

In the processes of life substances
generally coming from broken-down
protoplasm are pushed out by the
protoplasm. Many of these substances
are soluble in water, and are turned out
in a watery fluid.

This can be seen under a microscope
in small, single-celled animals, which are
found in pond or ditch water. The
protoplasm is clear and granular, and
there is a small nucleus ; but the most
striking thing is a round spot that looks
empty (see Fig. 18, a). Asone looks at it,
this spot suddenly dis#pears; the round
disc of the cell becomes shrivelled, and
in the water a little whirlpool is seen, as
If an oily liquid had been squeezed out
(see Fig. 18, ). Slowly the spot re-
appears, gets larger and larger, and
bursts again, and in a few minutes it
may be seen to fill and empty several
times.” This spot is called the contractile
wacuole, and it i1s the most visible form of
protoplasmic excretion.

In most cells the process of excretion
(like the process of eating or digesting)

.| goes on slowly throughout the cell at any

part, and no special vacuole is seen.
Eighth, protoplasm has the power. of
contracting.
Ninth, protoplasm has the power of
conductibility. '
- If we apply a stimulus to one part of
the cell, it produces an effect.on the
other parts. This shows that not only
are the parts connected, but that a shock
applied at one point passes through
the protoplasm to the other parts.

1 This power of conveying the effect of

a stimulus is called conductibility.

We have now learnt much of this lowest
form of living matter. We know fairly
well what appearance protoplasm must
have, of what it is composed, and we
know that it possesses the properties of—

Movement, Excretion,

" Feeding, Contractibility,
Reproduction, Growth,

- Trritability, Conductibility.
Respiration,
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The student who wishes to understand
all life from the lowest moss to the brain
of man will not think it a waste of time
to leamm all that can be known about
protoplasm.

Practically, the living world is proto:
plasm. Such a plain basis of the unity
of life offers a key to all life, and to the
workings of all that we mean by the
mind of man. It writes in capital letters
this one fact—that all life, from the
lowest to the highest, is one. And,
further, it helps us to see that there is
but one short, easy step from the not-
living to the living.

Those who study Professor Loeb’s
great work, Z%e Physiology of the Brain,
will be rewarded for many ‘weeks of toil
on the lower forms of life, because only
by knowing these lower forms can we
understand the higher.

There are millions of small animals,
called protozoa, which are but one cell
of protoplasm. All forms of -animals
begin life as a single cell, and grow as
single cells grow. This stands as one
of the most marvellous revelations of
science, proving beyond doubt that life
is one not only in its structure, but in
the mode of its growth and the laws of
its being. The nine characters which
we have found in protoplasm are the
common  characters of every living
animal, ’

The greatest genius could produce
nothing if one of these powers, were
completely to fail. The human race,
with all its glories, would vanish if one
of the laws of protoplasm were to lose its
power of action. Such a thought is
well-nigh overwhelming. Inthe presence
of this fact, all vain theories of man’s
isolated splendour crumble to the dead
dust, which they are. Everything in the
grandest life depends upon the power
of this lowest form of living matter,
which is common to animals and to
plants.

It will repay us, therefore, to try and
understand more of this life-substance.
Let us see how protoplasm is built up.

by it are the matenal of the tissues of all
animals and plants ;"and all animals and
plants in consequence of this have the
powers of Movement, Trritability,  Feed-
ing, Respiration, Growth Reproduction,

Excretion, Contractibility, and- Conducti- .
biZity.  The -individual cells of the
animal or plant bodies may be- built up
into complicated tissues and organs
which serve special purposes, and in the’
elaborate systems of higher animals and
plants these tissues and organs may
assist, or regulate, or interfere with each
other’s work.  But in every case the
actual work done ‘is done by individual
cells present in the organs. For instance,

the hands may take food to the mouth,

the teeth chew it, the muscles of the
tongue and mouth and ‘gullet force it
down; but it is at last the individual
cells hmng the intestines that absorb

and really eat the meal.” Similarly, all
the powers of animals and plants.can be
traced down- to -individual cells——down,
to protoplasm itself.”

In the process of life protopla,sm is
constantly being used up. ‘When an.
animal or plant dies and decays, proto-
plasm ‘is destroyed. ~ How, then, is this
substance built up from the inorganic
rnatenals in the world? The world-
need is protoplasm ; how, then, can we
obtain it ?

“If we consider the food supply of
the land, it is clear that flesh-eating
animals practically only turn the proto-
plasm of their prey into their own proto--
plasm, and that their life: is dependent
on’ the life of other animals.” Some
animals live partly on animal protoplasm
and partly on“the tissues of plants.
Others live entirely on plants.

In seeking an answer to this questxon,
How is life-substance built up? if we
turn to plants, we can dismiss many
which, like moulds and fungi, live on®
living or decaying matter, and we are
left with 2he green vegetation of the earth.

The food supply of the sea is less easy
to understand. Most of the lower forms
of life are carnivorous ; fish live on fish,

“ Protoplasm and. substances formed or on small swimming ’animals, Others
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live on the shell-fish, or on worms and
anemones and coral polyps.

The floating sea-mud is not enough to
replace the vegetation of the land. It is
true that waste matters and sewage
supply food, but even this is not enough.

If, however, we- examine a bucket of .

surface water, there we find vast numbers
of ‘microscopic plants; and these, like the
green vegetation of the earth, form the
first stage in the building up of proto-
plasm, and, like most land plants, they
have a green colour. -

““The starting-point of the food supply
of land and sea is green vegetation.” -

The formation of protoplasm from
inorganic matter depends on the sub-

.stance to which this green colouring is
due, and which is called chlorophyll
(green of leaf). - If some green leaves
are soaked in alcohol, the green colour-
ing matter is dissolved and forms a clear
solution; bright green in colour.

Every living-cell containing chloro-
phyll in the  presence of sunlight
performs chemical work. It absorbs
carbonic acid from the air, tears apart
the carbon and oxygen, and the oxygen

" is returned - to the air, while the carbon
becomes associated with hydrogen and
oxygen in the plant. .

“This leads to another striking fact.
Carbon combines readily with oxygen,
and -in the process sets free energy in
the form' of heat, What, then, takes
place in plants, by the agency of chloro-
phyll, is 2 turning of the radiant energy
of sunlight into potential energy ; the
radiant energy is stored up in the form

of a chemical compound of such'a kind

that, by union ‘with free oxygen, it will
liberate the energy again. :
“From our point of view, plants and
animals, or the protoplasm of which they
consist, may be regarded as centres of
" force, as things capable of doing work ;
‘and_here, as the secret of their fooa-
supply (as the first stage in the building
-up -of protoplasm), is to.be found a
supply of energy, a means by which the
radiant energy of sunlight is stored up in
a form which can be used. -The plants

which possess chlorophyll store up the
energy ; the animals which feed upon
plants use this store of energy for their
own lives, but retain enough in their
own bodies to serve for the camivorous
animals which eat them.”

The chemical details of the processes
of life are very complicated, yet we may
say generally that protoplasm takes in
oxygen, performs the work of life, and
gives out carbonic acid ; and that it is
enabled to do this by the capacity
chlorophyll has for absorbing the energy
of sunlight and storing it up in the form of
carbon compounds with less oxygen than
the proportion in carbonic acid (CO,).

Many attempts have been made to
draw a distinction between plants and
animals,-and in most cases this can be ~
clearly done. s

.Plants have a power, starcely possessed
by animals, even if they have it at all—
viz., by some chemical process they can
produce living substance out of not-
living salts and gases.

- Sull, Mr. Mitchell sums up thus:

“No complete separation exists between

the two kingdoms. It is most probable

that animals and plants have a common

origin, and that some of the lower

existing forms of life retain characters
that afterwards become the marks of

separate kingdoms.” ‘

This important conclusion of science
may -yet receive expansion and be -
flooded with new light; but for our
purpose it is sufficient, for no stronger
proof of the unity of life can be desired
than the confession of all scientists that
they are unable to separate absolutely
the two -great kingdoms of plants and
animals,

If we could but discover the common
ancestor of -plants and animals, we
should probably understand how, by a
process of chemistry, inorganic matter
first became living substance, and we
should knoy the origin of life. '

NoTE.—In dealing with protoplasm, I have®
chiefly followed the account in Owtlines of
Biology, by Mr. P. Chalmers Mitchell, which is
a good handbook written for medical students.
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| CHarPTER VI.

VARIATIONS

Ir you were to speak to some uneducated
man of the doctrine of Evolution for the
first time, he would probably laugh with
all the vigour of ignorant infaHibility.
Tell him that all the animals he sees
daily may have come from one simpler
form of life, and he thinks you are only
making sport of his verdant ignorance.

This is not altogether due to the mere
fact that he does not understand the
first principles -of Evolution, or to the
novelty of the explanation, It arises
chiefly from a false view of the life
around him. He is familiar with
.common objects, as cats, dogs, pigs,
cows ; and he knows that these distinct
families remain fixed, and never cross so
as to become-mixed and cause confusion,
He might not put it into- these words,
but he means that species are distinct,
fixed, unalterable, and, he would pro-
bably add, have no connection whatever
with each other. It is this last point
especially which rouses his laughter.

So that, in examining the teaching of
Evolution, we soon come face to face
with this difficulty, and we cannot do-
better than say at once that there is
abundant evidence to show that species
can be modified and become extinct,
and that new ones can arise. This
knowledge is no longer new, but it
appears new to those who have had the
misfortune to read only the books of the
earlier geologists, for they held that
species never change, and they arrived
at this conclusion from the lack of
sufficient records or of careful study of
those records.” Sir Charles Lyell at first
held that species are immutable, but
after fifteen years of careful study he
changed his opinion.

Geologists are now agreed that the
extinct forms can be grouped under

IN ANIM.'_XLS ,

existing families, but they also agree
that the old forms are not the same as'’
the present forms. The old belong to
the same general plan, but the new have -
been spectahsed in many- structures.
Here is a”plain fact which all can see
for themselves if they compare the bones .
of animals which are extinct with the
bones of their hvmg representatlves
Species do change. .

Now, the great principles upon which” _
Darwin and Wallace founded the dis=
covery of Evolution rest upon common, -
plain facts, which all may see and know.

Mr. Wallace has given a summary of
these facts (Zssays on Natural Selection, -
P 265)

The law of multzplzmtzon in geome—
trmzl progression. A sxmple instance of
geometrical progression is thus repre- -
sented—z2, 4, 8, 16, 32, etc., or 3, 9, 27,
8r, etc. . All orgamsed bemgs multiply
very rapldly Man multiplies more
slowly than most animals, yet he_ could
double his numbers every fifteen years,
and increase a hundredfold in a century.”
Many animals and plants could increase
their numbers from tento a thousandfold =
every year. .

2. Tke law of lzmzted populatz:ms—
The number of living individuals of each
species -in any Country, or in the whole
globe, is practically stationary. . From
this we see- that the whole of this
enormous increase must die off almost
as fast' as produced, except only those _
individuals for whom room is made by~
the death of parents. For instance, an
oak may drop annually hundreds of
acorns, but till an old - tree falls scarcely
one of these acorns can grow up into an
oak. They must die at various stages of
growth,

3- The law of keredity, or lzkenes: 0f
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oﬁ" spring o their parents —This is a
universal, but not an absolute, law.
All creatures resemble their parents in a
high . degree; so that even individual
peculiarities of the parents are almost
always transmitted to some of the
offspring, - -

4 The law of vanatzon —Oﬂ'sprmg
_resemble their parents very much, but
not - -wholly ; each bemg possesses its
individuality. - This “variation” itself
varies in amount, but it is always present,
not only in the whole being, but in
--every -part .of every being. = To under-
‘stand this degree of variation, think- of
any large family you know well, and note
‘the wide differences between the brothers
and sisters. It is quite common to find
_ families in which the children vary so
much that one could not be sure from
their appearance that they were. all
‘members of the same family. -

Or, ‘again,- let any farmer or fancier
destroy all the offspring which  are not
exactly like one of the parents,-and you
~know he would ruin his business.

S. The law. of unceasing change of
Dhysical conditions upon the surface of the
earth.—*“Geology shows’us that this
change has-always- goneé on in times
_past, and we a150>know that ‘it is now
everywhere going on.” (For details of
this law see chapter xiii.)

6. The equilibrium or karmony of
nature.—When a species is well -suited
to the conditions which surround it,-this
species - flourishes;  when - imperfectly
suited, it- decays ; quite unsuited, it
" becomes extinct. - Now, these general
facts--or laws_are mere statements of
- what is the-condition of nature. Some
--people are -angry, as if the ‘evolutionist
. had created them for his- own purpose:
Here they are; here they have always
- been. The evolutlomst merely tries to
explam them..- -

- Wewill first deal more fully with the

law of Variations. "And it should be
.~ borne inmind that it makes nodifference
with-regard to, the doctrine-of Natural
. Selection whether we can fully explain
the causes of these variations or not.

action -of the external world

Tens of thousands of variations occur,
and this suffices.

. We know that one of the great causes
of this variation is environment. Mr.
Spencer says (Principles of Biology, vol. i,,
sect. 96): “Were it not that individuals
are ever being made unlike each other
by their unlike conditions, there would
not arise among them those contrasts of
molecular constitution which we have
seen to be needful for producing the
fertilised germs of new individuals.”

And again: “Besides owing to the
external world those energies which,
from moment to moment, keep up the
lives of its individual members, every
species owes to a certain more indirect
those
energies which enable it to perpetuate
itself in successive generations.”

JIn the - same book (sect. 82) Mr.
Spencer brings out clearly the influence
of outward conditions, thus: *But the
best examples of inherited modifications
produced by modifications of functjon
occur in the human race. . To no other
cause can be ascribed the rapid meta-
morphoses undergone by ' British races
when placed in new conditions. It is
notorious that in the United States
the descendants of the emigrant Irish
lose their Celtic aspect and become
Americans, -This cannot be ascribed
to inter-marriage with Americans; since
‘the feeling with which Irish are regarded
by Americans prevents any considerable
amount of inter-marriage.

¢Equally marked is the case of the
immigrant Germans, who, though they
keep themselves very much apart, rapidly
assume the prevailing type To say that

‘spontaneous variation,’ increased by
natural selection,. can have produced
this effect is going too far.

“Races 'so -numerous cannot have
been supplanted in the course of two or
three generations by varieties springing
from them., Hence there is no escape
from the conclusion that physical and
social conditions have here wrought
modifications of function and structure
which offspring have inherited and



« VARIATIONS IN ANIMALS

59

increased. Similarly with special cases.
In the Cydopedia of Practical Medicine,
vol. ii.,, p. 419, Dr. Brown states that he
has in many instances observed in the
case of individuals, whose complexion
and general appearance have been modi-
fied by residence in hot climates, that
children born to them subsequently to
such residence have resembled them
rather in their acqulred than pnmary
mien.” = -

Thls and much more which Mr.
Spencer says to the same effect, sup-
ported by many clear instances, seems
to prove that acguired characteristics may
be hereditary. The cases could easily
be multiplied "a hundredfold, and they
establish beyond controversy the fact
that one powerful source of vanatlon is
outward conditions.

Still, we must not lose sight of
Darwin’s great utterance on causes of
variability. In the first chapter "of the
Origin of Species he says: “As far as [
am able to judge, after long attending to
the subject, the conditions of life appear
to act in two ways—directly, on the
whole organisation or on certain parts
alone, and indirectly, by affecting the
reproductive system. With respect to
the direct action, we must bear in mind
that in every case, as Professor Weis-
mann has lately insisted, and as I have
incidentally shown in my work on
Variation under Domestication, there are
two factors—namely, e nature of the
organism and the nature of the conditions.
The former seems to be much the more
important ; for nearly similar variations
sometimes arise under, as far as we can
judge, dissimilar conditions ; and, on the
other” hand, dissimilar variations arise
under conditions which appear to be
nearly uniform.”

No words can emphasise this passage
too strongly if we are to comprehend
and apply the theory of Evolution. We
must remember these fwo forces which
no man can measure, either in their
strength or variety.

Darwin continues : “Changed hablts
produce an inherited effect, as in the

period of the flowering of plants when
transported from one climate to another.

% With animals.the increased use or
disuse of parts has had a more marked
influence ; thus I find in the domestic,
duck that the bones of the wing weigh
less and the bones of the leg more, in
proportion to the whole skeleton, than
do the same bones in the wild duck; and
this change may be safely attributed to
the domestic duck flying much less and
walking more than- its wild parents...... :
Not one of our domestic animals can he

| named which has not in- some country

drooping ears ; and the view which has.
been suggested that the drooping is due
to the disuse of the muscles of the ear
from the animals being seldom much' :
alarmed seems probable.” ) k

. By the law of heredity, any pecuharxty .
or power of remote ancestors may re-
appear in their desfendants. ‘The two
parents of any.mammal had sixteen _
great-grandparents, and these again had
thousands of ancestors, . Further, by this
same law of heredity, any peculiarity of
a parent, to whatever cause it may. be.
due, may- become a fixed characterlstxc'
of its descendants, . - -

Here, then, we see in outline some of .
the - forces which cause variations and .
modifications- ‘of - species .and '-indi-',
viduals.

But, to be quite clear, let us deal thh
one case in greater detail, and we cannot -
do better than to take the example given
by the great master, hlmself on plgeons. ‘
Darwin says :—

“Believing that it is always best to -
study some special group, I have, after -
deliberation, taken up domestic pigeons.
I have kept every breed which I could
purchase or obtain, and have been most
kindly favoured with skins from several
quarters of the world, more especially
by the Hon, W. Elliot, from India, and
by the Hon. C. Murray, from Persia. -
Many treatises, in different languages, -
have been published on pigeons, and
some of them are very. important, as
being of considerable antiquity. I have
associated with several eminent fanciers,
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and have been permitted to join two of | their skulls. The carrier, more espe-
the London pigeon clubs. The diversity | cially the male bird, is also remarkable
of the breeds 1s something astonishing.” | from the wonderful development of the
(Fig. 19.) “Compare the English carrier | carunculated skin about the head, and

F16. 19.—PIGEONS.
1. HomEng pigeon. 2, Tumbler. 3. Carrier. . 4“__Barb. . ’i:. Po\:ter. 6. Fantail,

7. Salinette. 8. Turbiteen. 9. ]

and the short-faced tumbler, and see the | this is accompanied by greatly elongated
wonderful differences in their beaks, | eyelids, very large external _orifices
entailing corresponding differences in | to the nostrils, ?.nd a wide gape
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of mouth. The short-faced tumbler has
a beak in outline almost like that of a
finch, and the common tumbler has the
smgular inherited habit of flying at a
great height in a compact flock, and
tumbling in the air head over heels.
The runt is a bird of great size, with
‘long, massive beak and large feet; some
of the subbreeds of runts have very
long necks, others very long wings and
tails, others singularly short tails. The
barb is allied to the carrier, but, instead:
of a long beak, has a very short and
broad one. The pouter has a much
elongated body, wings, and legs, and its
enormously developed crop, which it
glories in inflating, may well excite
astonishment and even laughter. The
turbit has a short and conical beak, with
a line of reversed feathers down the
breast, and it has the habit of centinually
expanding slightly the upper part of the
cesophagus. The Jacobin has the
feathers so -much reversed along the
back of the neck that they form a hood,
and it has, proportionally to its size,
elongated wing and tail feathers. The
trumpeter and laugher, as their names
express, utter a very different coo from
the other breeds. The fantail has thirty,
or even forty, tail feathers, instead of
twelve or fourteen, the normal number
in all the members of the great pigeon
family ; these feathers are kept expanded,
and are carried so erect that in good
birds the head and tail touch ; the oil-
gland is quite abortive, Several other
less distinct breeds might be specified.
“In the skeletons of the several
breeds the development of the bones of
the face in length and breadth and curva-
ture differs enormously. The shape, as
well as the breadth and length, of the
ramus of the lower jaw varies in a highly
remarkable manner. The caudal and
sacral vertebrae vary in number ; as does
the number of the ribs,. together with
their relative breadth and the presence
of processes. The size and shape of the
apertures in the sternum are highly
variable ; so is the degree of divergence
and relative size of the two arms of the

-

furcula. The proportional width of the
gape of the mouth, the proportional
width of the eyelids, of the orifice of the
nostrils, of the tongue (not always in
strict correlation with.the length of the

' beak), the size of the crop and of the

upper part of the cesophagus ; the develop-
ment and abortion of the oil-gland; the
number of the primary wing and catdal
feathers; the relative length of the wing .
and tail to each other and to the body;
the relative length of the leg and foot;
the number of scutelle on the toes, the
development of skin between the toes,
are all points of structure which are
variable. The period at which the
plumage is acquired varies, as does the
state of the down with which the nestling
birds are clothed when' hatched. , The
shape and size of the eggs vary. The
manner of flight, and in some breeds the
voice and disposition, differ remarkably.
Lastly, in certain breeds, the males and
females have come to differ in a sllght
degree from each other. .

% Altogether at least a score of pigeons
might be chosen which, if shown to an -
ornithologist, and he were told that they. -
were wild birds, would certainly be
ranked by him as well-defined species.
Moreover, I do not believe that any
ornithologist would in this case place the-
English carrier, the short-faced tumbler,
the runt, the barb, pouter, and fantail,
in the same genus; more especially as
in each of these breeds several truly -
inherited sub-breeds, or species, as he-
would call them, could be shown him. .

“Great as are the differences between
the breeds of the pigeon, I am fully con-
vinced that the common opinion of-
naturalists is correct—namely, ‘that all
are descended from the rock-pigeon
(Columba lkvia), including under this
term several geographical races or sub-
species, which differ from each other in -
the most trifling respects” (Ongm of
Species, pp. 15, 16, 17).

We can further summarise Darwin :
If we consider the steps by which
domestic races have been produced
either from one or several allied species,



<62 VARIATIONS

IN ANTMALS

we shall discover one most remarkable
fact. For, though- much may be attri-
buted to the action of external conditions
of life, and something to habit, this is
not- all. " This would hardly serve to
explain the difference between a dray-
horse and a race-horse. There is this
remarkable fact, that we see in our
domestic races adaptation, not to the
good of the animal or plant, but to man’s
use or fancy.. *We cannot suppose that
all the breeds suddenly appeared as
perfect and as useful as we now have |
them; in fact, we know. that in many
cases "this has not been their history.
The key is man’s power of accurhulative
selection ; nature gives successive varia-.
tions;” man adds them up in certain
directions useful to bim.~ In this sense
~he may be said to have made for himself
useful breeds.” -

“ Now, is this a mere supposition ? By
no means. As Spencer says: “There
are no inductions so trustworthy as those
which have undergone the -mercantile
test.” - Now, thislaw of producmg special
kinds, according to the will of- man; by
the accumulation of small variations has
stood the mercantlle test, both in plants
and animals, -
_-To take animals only, Darwin' says
%t is certain that several of our eminent
breeders have, even within-a single life-
time, modified- to a-large extent their
breeds of cattle and sheep.  In order to
fully realise what they have done, it is
almost nécessary to. read several of the
many treatises devoted to this subject,
and to inspect the animals. - Breeders
habitually speak of an animal’s organisa-
‘tion as something plastic, which they can
model almost as they please. If I had
space, I.could quote numerous passages
to’ this effect- from . highly competent
authorities. Youatt, who was probably |
better acquainted with the works of
agriculturists than almost any other
.individual, and who was himself a very
-good_judge of animals, speaks of the
principle - of selection as ‘that which
enables” the agricolturist-not only to
" modify the character of his flock, but ‘to

change it altogether. It is the magi-
cian’s wand, by means of which he may
summon into life whatever form and
mould he pleases.” Lord Somerville,
speaking of what breeders have done for
sheep, says: ‘It would seem as if they
had chalked out upon a wall a form
perfect in itself, and then had given it
existence.” In Sa.xony the importance of
the principle of selection in regard to
merino sheep is so fully recognised that
men follow it as a trade: the sheep are
placed on a table and are studied, like a
picture -by a connoisseur ; this is done
three times at intervals of months, and
the sheep are each time marked and
classed, so that the very best may ulti-
mately be selected for =~ breeding”
(Origin of Species, pp. 22 and 23).

These are marvels of conscious selec-
tion operating in a very short time. To
the average man of town habits a flock
of sheep consists of animals all alike,
but we see the facts~are quite the con-
“trary. Nature supplies variations, which,
when guided in any one definite way,.
yield amazing results. - No less striking
1s the case glven under unconscious selec-
tion,

“Youatt glves an excellent illustration
of -the effects of a course of selection,
~which may be considered as unconscious
in so far that the breeders could never
have expected, or even wished, to produce
the result which ensued—namely, the
production of two distinct strains, The
two flocks of Leicester sheep kept by
Mr. Buckley and Mr. Burgess, as Mr,
Youatt remarks, ‘have been purely bred
from the original stock of Mr. Bakewell
for upwards of fifty years. There is not
a suspicion existing in the mind of any-
one_at all acquainted with the subject
that the owner of either of them has
deviated. in any one instance from the
pure blood of Mr. Bakewell’s flock, and
yet  the difference between the sheep
possessed by those two gentlemen is so
great that they have the appearance of
being quite different varieties.””

It remains but-to notice some circum-
stances favourable to man’s power of
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selection. Clearly a high degree of
variability is favourable, as this furnishes |
the materials for selection to work upon. |

Next, largeness of numbers is of the
highest importance. “On this.principle,
Marshall formerly remarked, with respect
to the sheep of parts of Yorkshire, as
they generally belong. to poor people,
and are mostly in small lots, they never
can be improved.”

“ Probably the most 1mporta.nt element
is that the animal or plant should be so

highly valued by- man that the closest |-

attention is paid to even the shghtest
deviations i n its qualltles or structure
Facility in preventing crosses is an

important element in the “formation of
new races. .

. We now begin to see how specws may
| have arisen, and, perhaps, we may nearly
be ready for the astoundmg truth that in
nature nothing - is fixed. ~Our ‘infant
notions of immutability are among the’
many errors of a defective intelligence.

We may look upon species or suns, and
reverently note the mystery of the old
Greek philosopher’s- great saymg, “All
things are in unceasing change.” -~

We- know more—that all things Zwe
by unceasing change.” Life’s highest
splendours are literally but the pageantry
of death and decay.

~ CHapTER VIL

 THE STRUGGLE FOR LIFE

THE presence of variations in infinite
forms and numbers is manifest to the
most ordinary observer, and the causes

of this variation are recognised, upon a |.

little reflection, to be in ceaseless action
as well as to be of practically almighty
power. No scheme, no system; no
organisation, can in any serious way
interfere with these causes. There is
no evidence that they ever had a begin-
ning; there is no evidence that they
ever can have an end. When life is
viewed in its widest aspect, our most
ancient institutions or
customs are seen to possess scarcely
more fixity than the running brook or
the floating mist. Nay, even the orbits
of planets and the activity of suns are
known to change like spring fashions,
and to grow old like a garment. Rest,
equilibrium, peace, stability, are the fig-
ments of a dreamy, drowsy imagination.

If, then, we can discover some equally
universal power which can utilise these

immemorial |

infinite variations, we begin, to see some-
thing of the laws which shape the destiny
of atoms and the doom of nations.. . -

We must, thefefore; inquire whether
these countless variations have each free
play, without let or hindrance from each
other or from equally powerful forces -
and laws which compete with them for a.
share of the universe.

If we are able to get away from the
haunts of men and ‘the din of machinery,
and visit the lonely sea-shore, or lie on _
the quiet moorland, tented by the blue
sky and draped with the borizon, or sit
in the silent glade of an extensive forest, .
we are ready to think that here, at any‘
rate, is peace.

Yet we are assured that in every one
of these sacred temples of life there are
to be seen the blood-red footpnnts of a
murderous competition.

Perhaps, if we begin nearer home, we
shall more completely grasp the truth.

~ We have but to ﬁx our attention upon
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a small village or sleepy market town to
be conscious of this competition. If
any family is allowed twelve loaves a
week, and you double the number of the
-~ family, clearly each member, then, can
receive only half the quantity of bread.
This operation is too well krnown to be
disputed. Again, if in some village there

is a carpenter who follows his trade with |

" great success and is able to supply all
. the needs of his famtly in comfort, should
a second carpenter be introduced into
* that village, while. all the other circum-
stances Temain practically unchanged,
either one carpenter will die of starvation,
or both will struggle on with the greatest
- difficulty, and their families will not
obtain a due share of life’s common
necessaries. The children will grow up
weaker, less developed, arid not so well
equipped for their duties as citizens, or a
higher percentage of them will die. 'This
tragedy you cansee in nearly every village
and town on earth. -
~ Or you can turn to a separate family
for an illustration of the same law. You
may find a tradesman who, by extreme
toil, foresight, and carefulness, is able to
“educate his #weo sons, to give them all the
“advantages which are derived by being
brought up in comfort; but, had there
_ been six sons instead of two, all the
family history would have been revolu-
tionised ; all the sons would have received
" less food, clothing, and education ; they
would have been' less physically fit, less
. mentally ,developed, and probably their
weakened condition would have exposed
‘themto disease, so that,’ after a brief;
defective life, one or more would have
filled a nameless grave ; or, owing to the
struggle, one or both parents might have
died, and all the children might have
drifted to the workhouse, and thus have
-~ become waste products of civilisation. '
- All this is-familiar enough, and has
filled the lives of- loving “parents with
" unspeakable terror. But:it is only a
— fraction of a ‘general law. Thus
examined, the whole universe is but a
country village, and the human race is
but one overgrown family. Your largest

planet can be measured, and there is a
limit to its area. = Nay, more, the whole
universe is found to contain matter
which is fixed in quantity, and energy
which is also fixed in quantity. So that,
by whatever processes matter and energy
are used up, the more one carpenter
gets the less there is left for the other.
With regard to life on our earth, the
problem is reduced into a much smaller
compass. The area of the earth, the
productive power of the earth, its food
supply, its fresh air, are all limited. It
is only recently that men have begun to
speculate upon the failure of our coal
supply, upon the period when the earth
shall float as a barren ice-globe, unless
it has fallen into the furnace of the sun,
and when the sun himself shall drift as a
ball of ashes, unless he shall have collided
with some other sun to pass through a
cycle of nebular regeneration. These
speculations are less unreal than many of
our most cherished convictions, yet they
seem very far away to those who waste
life in one incessant struggle for bread.
But it is well\to pause, either amid the
pomp of wealth or the squalor of
pauperism, and to remember that bands
of iron girdle the races of men, and that
the scales of the leper share in the same
universal laws with the glory of the
setting sun. ' .
This struggle for existence is universal
in nature. In steady murder it surpasses
the invention of man. Yet without it
there could have been no man. As in
the individual life it is the struggle that
developes the man, so in the widest
sense the varidus. species owe their

‘existence and their development to this

struggle. We owe a debt to Charles
Darwin and Alfred Russel Wallace for -
unfolding this truth. .

Darwin says: “ Nothing is easier than
to admit in words the truth of the
universal struggle for life, or more diffi-
cult—at least I have. found it so—than
constantly to bear this conclusion in
mind. Yet, unless it be thoroughly
engrained in the mind, the whole
economy of nature, with every fact on
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distribution, rarity, abundance, extinc-
tion, and variation, will be dimly seen or
quite misunderstood ” (Origin of Species,

. 49).
b “I should premise that I use this
term [“struggle for existence ”] in a large
and metaphorical sense, including depen-
dence of one being on another, and
including (which is more important) not
only the life of the individual, but success
in leaving progeny. Two canine animals,
in a time of dearth, may be truly said to
struggle with each other as to which shall
get food and live. But a plant on the
edge of a desert is said to struggle for
life against the drought, though more
properly it should be said to be dependent
on the moisture, A plant which annually
produces a thousand seeds, of which only
one on an average comes to maturity,
may be more truly said to struggle with
the plants of the same and other kinds
which already clothe the ground. The
mistletoe is dependent.on the apple and
a few other trees, but can only in a far-
fetched sense be said to struggle with
these trees, for, if too many of these
parasites grow on the same tree, it
languishes and dies. But several seed-
ling mistletoes, growing close together on
the same branch, may more truly be said
to struggle with each other. As the
mistletoe is disseminated by birds, its
existence depends on them ; and it may
metaphorically be said to struggle with
other fruit-bearing plants in tempting the
birds to devour and thus disseminate its
seeds. In these several senses, which
pass into each other, I use for conve-
nience sake, the general term of ‘struggle
for existence.’

“A struggle for existence inevitably
follows from the high rate at which all
organic beings tend to increase. Every
bemor which during its natural lifetime
produus scveral eggs or seeds must
suffer destruction during some period of
its life, and during some season or occa-
sional year ; otherwise, on the principle
of geometrical increase, its numbers
would quickly become so inordinately
great that no country could support the

product. Hence, as more individuals
are produced than can possibly survive,
there must in every case - be a struggle
for existence, either one individual with
another of the same species, or with the
individuals of distinct" species, or with
the physical conditions of life ”? (p. 50). -

“There is no exception to ‘the rule
that every organic being naturally in-
creases ‘at so high a fate that, if. not
destroyed, the earth would- soon be

.covered by the progeny of a single pair.

Even slow-breeding man has doubled in
twenty-five years, and at this rate, in less
than a thousand . years, there would
literally not be standing-roem for his
progeny.

“Linnzus has calculated that 1f an
annual plant produced only two seeds—
and there is no plant so unproductive as
this—and their seedlings next -year pro-
duced two, and so on, then in twenty.
years there- would be a million. plants.
The" elephant is reckoned- the slowest:
breeder of all known animals, and I have
taken some pains to estimate its probable
minimum rate of natural increase. It
will be safest to assume that it begins
breeding when it is thirty years old, and -
goes on breeding till ninety years old,
bringing forth six young in the interval,

| and surviving till one hundred years old

If this be so, after a period of from 740
to 750 years there would be nearly nine-
teen million elephants ahve, descended
from the furst pair.

“Still more striking is the ev1dence
from our domestic animals of many
kinds which have run wild in several
parts of the world. If the statements of
the rate of increase of slow-breeding
cattle and horses in South America, and
latterly in Australia, had not been well
authenticated, they would have been
incredible, So it is with plants :- cases
could be given of introduced plants
which have become common throughout
whole islands in a period of less than ten
years. Several of the plants, such as the
cardoon and a tall thistle, which are now
the commonest over. the wide plains of
La Plata, clothing square leagues of

D



66

THE STRUGGLE FOR LIFE

“surface almost to the exclusion of every
other plant, have been introduced from
Europe; and there are plants which
now range in India, as I hear from Dr.
Falconer, from Cape Comorin to the
Himalaya, which have been imported
from America since its discovery”
(p. 51).

The qnly difference between organisms
which annually produce eggs or seeds by
the thousand and those which produce

“extremely few is, that the slow-breeders
would require a few more years to people,
under favourable conditions, a whole
district, let it be ever so large. The
condor lays a couple of eggs and the
ostrich a score, and yet in the same
country the condor may be the more
numerous of the two; the fulmar petrel

‘lays but one egg, yet it is believed to be
the most numerous bird in the world.

In looking at nature, it is most neces-
sary to keep the foregoing considerations
always in mind-—never to forget that
every single organic being may be said
to be striving to the utmost to increase
"in numbers ; that each lives by a struggle
at some period of its life; that heavy
destruction inevitably falls either on the
“young or old during each generatlon or
-at recurrent intervals.

“ Seedlings, also, are destroyed in vast
numbers by various ‘enemies ; for in-
stance, on a piece of ground three feet
Jong and two wide, dug and cleared, and

“where_there could be no choking from
other plants, I marked all the seedlings
of our native weeds as they came up, and
out of three hundred and fifty-seven no
less than two hundred and -ninety-five
were destroyed,. chiefly by slugs and
insects. If turf which has long been
mown—and the case would be the same
with turf closely browsed by quadrupeds
—be let to grow, the more vigorous

- plants kill the less vigorous, though fully

" grown, plants ; thus out of twenty species

growing on a little plot of mown turf

- - (three feet by four) nine species perished,

" from the other species bemg allowed to

- grow up freely. - -

“The amount of food for each species

P!

of course gives the extreme limit to
which each can increase ; but very fre-
quently it is not the obfaining food, but
the serving as prey to other animals,
which determines the average numbers
of a species. Thus, there seems to be
little doubt that the stock of partridges,
grouse, and hares on any large estate
depends chiefly on the destruction of
vermin. If not one head of game were
shot during the next twenty years in
England, and, at the same time, if no
vermin were destroyed, there would, in
all probability, be less game than at
present, although hundreds of thousands
of game animals are now annually shot”

. 53). ‘

“Climate plays an important part in
determining the average numbers of a
species, and periodical seasons of extreme
cold or drought seem to be the most
effective of all checks. I estimated
(chiefly from the greatly reduced numbers
of nests in the spring) that the winter of
1854~5 destroyed four-fifths of the birds
in my own grounds; and this is a tre-
mendous destruction when we remember
that ten per cent. is an extraordinarily
severe mortality from epidemics with
men. The action of climate seems at
| first sight to be quite independent of the
struggle for existence ; but in so far as
climate chiefly acts in reducing food, it
brings on the most severe struggle.
between the individuals, whether of the
same or distinct species, which subsist
on the_same kind of food” (p. 54).

When a species, owing to highly
favourable cu‘cumstances, increases inor-
dinately in numbers in a small tract,
epidemics—at least, this seems generally
- to occur with our game animals—often
ensue; and here we have a limiting
check independent of the struggle for
life. But even some of these so-called
epidemics appear to be due to parasitic
‘worms, which have from some cause,
p0551bly in part through facility of diffu-
sion among the crowded animals, been
disproportionately favoured ; and here

| comes in a sort of struggle between the

parasite and its prey.
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“ Many cases are on record showing
how complex and unexpected are the
checks and relations between organic
beings which have to struggle together
in the same country. I will give only a
single instance, which, though a simple
one, interested me. In Staffordshire, on
the estite of a relation, where I had
ample means of investigation, there was
a large and extremely barren heath, which
had never been touched by the hand
of man; but several hundred acres of
exactly the same nature had been
enclosed twenty-five years previously and
planted with Scotch' fir. The change
in the native vegetation of the planted
part of the heath was most remarkable,
more than is generally seen in passing
from one quite different soil to another ;
not only the proportional numbers of
the heath-plants were wholly changed,
but twelve species of plants (not count-

ing grasses and carices) flourished in the |

plantations which could not be found on
the heath. The effect on the insects
must have been still greater; for six insec-
tivorous birds were very common in the
plantations which were not to be seen on
the heath ; and the heath was visited by
two or three distinct insectivorous birds.
Here we see how potent has been the
effect of the introduction of a single tree,
nothing whatever else having been done,
with the exception of the land having
been enclosed, so that cattle could not
enter. But how important an element
enclosure is I plainly saw near Farnham,
in Surrey. Here there are extensive
heaths, with a few clumps of old Scotch
firs on the distant hill-tops ; within the
last ten years large spaces have been
enclosed, and self-sown firs are now
springing up in multitudes, so close
together that all cannot live. When I
ascertained that these young trees had
not been sown or planted, I was so much
surprised at their numbers that I went to
several points of view, whence I could
examine hundreds of acres of unenclosed
heath, and literally I could not see a
single Scotch fir, except the old planted
clumps. But, on looking closely between

_other bees cannot reach the nectar.

the stems of the heath, I found a multi--
tude of seedlings and small trees which
had been perpetually browsed dewn by
the cattle. In one square -yard, at a.
point some hundred yards distant from
one of the old clumps, I counted thirty-
two little ‘trees ; and one of them, with
twenty-six rings of growth, had, during
many years, tried to raise its head above
the stems of the heath, and had failed.
No wonder that, as soon as the land was
enclosed, it became thickly clothed with
vigorously growing young firs. Yet the
heath was so extremely barren and so
extensive that no one would ever have
imagined that cattle would have so
closely and effectually searched it for
food. - .

S“Here we see that cattle absolutely
determine the existence of the Scotch,
fir; but in several parts of the world
insects determine the existence of ‘cattle.

1 find from experiments that humble-
bees are almost . indispensable to the -
fertilisation - of the Heartsease (Viols .
tricolor), for other bees do not visit this
flower. I have also found that the visits. .
of bees are necessary for the fertilisation
of some kinds of clover; for instance,
twenty heads of Dutch clover (Z7¢folium -
repens) yielded 2,290 seeds, but twenty
other heads, protected from bees, pro-
duced not one, Again, 100 heads of red
clover (7. pratense) produced 2,700
seeds, but the same number of protected °
heads produced not a single seed.’
Humble-bees alone visit red clover, as
It
has been suggested that moths may
fertilise the clovers ; but I doubt whether
they could do so in the case of the red
clover, from their weight not being
sufficient to. depress the wingpetals.
Hence we may infer as highly probable
that, if the whole genus of humble-bees
became extinct, or very rare, in England,
the heartsease and red clover would
become very rare or wholly disappear.
The number of humble-bees in any .
district depends in a great measure on
the number of field-mice, which destroy
their combs and nests; and Colonel
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Newman, who has long attended to the
habits of - humble-bees, believes that

* more than two-thirds of them are thus
destroyed all over England.’ Now, the
number of mice is largely dependent, as
everyone knows, on the number of cats;
and Colonel Newman says: ¢ Near
villages and small towns I have found
the nests of humble-bees more numerous
than elsewhere, which I attribute to the
number of cats that destroy the mice.’
Hence it is quite “credible that the
presence of a feline animal in large
numbers in a district might determine,
through .the intervention first of mice
and then of bees, the frequency of certain
flowers in that district.

“When we look at the plants a.nd
bushes clothing an entangled bank; we
_are tempted to attribute their proportional
“numbers and kinds to what we call
~chance. - But how false a view is .this!
Everyone has heard that, when an
American forest is cut down, a very
different vegetation springs up; but it

“has been observed that ancient Indian
ruins in the Southern United. States,
which must formerly have been cleared
- of trees, now display the same beautiful
dlver51ty and proportion of kinds as in
_the surrounding virgin forest..-What a
struggle must have gone on during long
_centuries between the several kinds of
-trees, each annually scattering its seeds
“by the thousand! What war between
inseqt and insect—between insects, snails,
and other animals with birds and beasts

-of prey—all striving to increase, all

feeding on each other, ar on the trees,
their seeds and seedlings, or on the other
. plants which first clothed the ground, and
_ thus- checked -the growth of the trees!
Throw up a handful of feathers, and all
fall to the ground according to definite
laws; but how simple is the problem
" where each shall fall compared to that of
. the action and reaction of the innumer-
able plants and animals which have
~determined, in the:course of centuries,
the proportional numbers. and kinds of

trees now growmg on the old Indian

ruins !~
P

1 as it is difficult to acquire.

* But the struggle will almost invariably
be most severe between the individuals
of the same species, for they frequent
the same districts, require the same food,
and are exposed to the same dangers,
«....Ta keep up a mixed stock of even
such extremely close varieties as the
variously coloured sweet-peas, they must
be each year harvested separately, and
the seeds then mixed in due proportion,
otherwise the weaker kinds will steadily
decrease in number and disappear. So,
again, with the varieties of sheep: it has
been asserted that certain mountain-
varieties will starve out other mountain-
varieties, so that they cannot be kept
together .

“WWe see this in the recent extension -
over parts of the United States of one
species of swallow having caused the
decrease of another species. The recent
increase of the missel-thrush in some
parts of Scotland has caused the decrease
of the song-thrush. How frequently we
hear” of ene species of rat taking the
place’of another species under the most
different climates! In Russia the small
Asiatic cockroach has everywhere driven
before it its great congener. In Australia
the-imported hive-bee is rapidly exter—,
minating the small, stingless natlve bee”
(pP- 54, 55, 56, 57, 58).

¢ A corollary of the highest 1mportance
may be deduced from the foregoing
remarks—namely, that the structure of
every organic being is related, in the
most essential yet often hidden manner,
to that of all the other organic beings
with which it comes into competition for.
food or residence, or from which it has
to escape, or on which it preys ” (p- 60).

“It 1s good to try in imagination to
give to any one species an advantage
over another. Probably in no single
instance should we know what to do.
This ought to convince us of our igno-
rance on the mutual relations of all
organic beings ; a conviction as necessary
All that we
can do is to keep steadily in mind that
each organic being is striving to increase
in a geometrical ratig ; that each at some
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period of its life, during some season of
the year, during each generation or at
intervals, has to struggle for life and to
suffer great destruction. When we reflect
on this struggle, we may console ourselves

with the full belief that the war of nature -
is not mcessant, that no fear is felt, that
death is generally prompt, and that the
vigorous, the healthy, and .the happy
survive and multiply.”

CHAPTER VIII.
NATURAL SELECTION

TaE lowest forms of life are so simple
that it may well seem hard to understand
how the more perfect forms have arisen
from them. We find .bits of floating
jelly-like substance called protoplasm ;
they are without any organs or structure ;
they take in food by closing round it.at
any part of their small bodies; they
have no hollow cavity in which they
digest it, no nerves, no heart, no blood ;
they are so simple that they produce
offspring by dividing in two, and each
part lives as a separate being.

We turn from this simplest form to the
highest orders of mammals with separate
organs for all the chief functions of life ;
with a heart to pump the blood through
a vast network of arteries, veins, and
capillaries ; with a brain and nerves of
the most complex order, acting with such
rapidity that it seems instantaneous,
receiving thousands of impressions. from
the outer world, storing them up~ for
years, forming out of them new com-
binations, weaving them together into
intellectual classifications and inferences,
or forming the beautiful plctures of imagi-
native a.rt

No wonder that men who have been
trained to believe that mind is something
independent of matter find a difficulty in
understanding how the higher has evolved
from the lower. Those accustomed to
look on nature as partitioned off into
independent classes by insurmountable

| unlimited. So, clearly, o

barriers are not fitted to grasp. easily the,
idea of the unity of nature and the one-
ness of -the universe. _

We -have seen that variations occur,
not in every individual, but in thousands.
of cases, due mainly to changes of .
environment. We also “know that no
power can reduce the environment of
living thlngs on the earth to one of same-

‘ness and fixity.” No criticism, no’ blind-’

ness, can deny this great law of variation
1n the world in which we live.

Further, for any one form that can_
survive we see that a thousand. forms
come " into emstence, and that living
organisms are capable of producing
millions more forms than can possibly
live, The chances of survival are limited; .
the power to multiply new forms is
of the millions
of living things myriads must perish.
Now, is there any law or order in which .
they perish? Of a thousand offspring,
where only a hundred can live, do the
other nine hundred die by chance or by
predestination, or is there some regulating
force which surely and methodically picks.
out the nine hundred which perish ?°

To Begin with familiar cases -capable
of easy demonstration—we know that -
when a man enters business in a new
neighbourhood, if he fails to adapt him-
self to the needs of that neighbourhood,
his business comes to ruin. For instance,
ina small market town, where the farmers -
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are Church people and vote Conservative,
if a saddler were to open a shop and
proclaim himself 2 Mohammedan and a

Socialist, he would die of starvation. He~

must adapt himself or die.

Again, if the younger son of a peer
by any chance found himself in a2 mining
region in the far West of America, with-
out a friend, without a penny, we know

well he would perish of hunger if he-

kept up the attitude and manners which
he had found quite successful in the
University or a West End club, He
must adapt himself or die.

Further, take any domestic animal and

" carry him away to some new region,

unlike in many respects to his old home,

-if he cannot assimilate the food or bear
the climate of the new region, death will
soon overtake him. He must adapt him-
self or die.

Yet again, a number of animals may
be living ‘together in a pond or lake. If
by any means many of them are driven
on land, only those will live which have
developed air-breathing organs. Among
them the fish may be larger, more beau-
tiful, more useful to man, but they will
all pensh in the new conditions to which
they cannot adapt themselves, while the
frog, with his newly-acquired structures,
w1ll live and prosper. ’

‘These examples are sufficient to show
the law. Outside 'of any organism is an
“environment, usually more powerful than
the organism, and every animal that will
live must bend to the almighty power of
environment.

In nature there is no morality, no
sympathy. Mercy is unknown. The
same oxygen which would support living
things, if they are organised to use it in

-the form- then and there offered, will,
-under a slight change of circumstances,
prey upon them and dissolve their beauty
mto a putrid mass by one and the same
unalterable law.

Now, out of the mxlhons of varieties
in organisms it is clear that some would
be better suited to the environment than
others, and the better suited would
flourish and multiply, while the unsuitable

would become inferior and slowly die
out. This is what is meant by Mr.
Spencer’s Survival of the Fitfest and by
Darwin’s Natural Selection.

Be it remembered, the fittest does not
mean the best or noblest, according to
any of our notions, but thé organism
most suited to the environment, for nature
produces murderers and poets by the
same rule. Neither does natural selec-
tion imply conscious selection, as we
understand this term. It would be
equally true to call it natural murder or
natural weeding out.

Now, have we in this combination of
forces the power necessary for creating
higher individuals and - new species?
With variations which are practically
infinite, with an environment whose
power is practically almighty and against
whose law there is no appeal, with periods
of time compared with which the oldest
civilisation is but a mushroom grown
this morning, we have a delicate and
mighty organisation such as the mind of
man can scarcely comprehend. These
inevitable forces work with ceaseless
energy, with ruthless rigour, and seize
with unerring skill upon any point for
the advantage of the mdmdual or the
race. -

-Could we imagine a machine of almost
infinite extension, of the most delicate
sensitiveness to respond to the slightest
changes, and capable of automatic action
in every response ‘to variations, we might
form some idea of the comprehenswe
system of life and environment which
we suggest by the term ° adaptation.”
Still, the process is too delicate, too:

'powerful too vital, to be imaged under

the figure of any known machine.

To such few elements are reduced the
forces of almighty power which bind life
into one, and mould living beings out
of inorganic elements. And the more
familiar we become with the working of
this process, the' more clearly we see
that the universe, by the very nature of
its components, lies swathed in the law
of universal and inherent necessity.

We have seen (pp. 61, $2) that man, by
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selecting the points in pigeons or sheep
which he desires to increase, can, in a
few years, greatly change the breed ; if,
therefore, nature, acting for millions of
years, can exert a power which works
like man’s selection, how vastly greater
must be the result. Man can “neither
originate varieties mor prevent their
occurrence ; he can only preserve and
accumulate such as do occur.”.

Man selects the variations useful to

himself ; nature selects those useful in
some way to each being in the battle of
life. We must admit that individuals
having any advantage, however slight,
would have the best chance of surviving
and of leaving offspring. On the other
hand, we are sure that any variation in
the least degree injurious would be
rigidly destroyed. Variations neither
useful nor injurious would not be affected
by Natural Selection ; tkey might at last
become fixed, “ owing to the nature of the
organism and the nature of the con-
ditions.” ’

Darwin says: “It is difficult to avoid
personifying the word Nature; but I
mean by Nature only the aggregate action
and product of many natural laws, and
by laws the sequence of events as ascer-
tained by us.”

“We shall best understand the pro-
bable course of Natural Selection -by

‘taking the case of a country undergoing

someslight physical change—for instance,
of climate. The proportional numbers
of its inhabitants will almostimmediately
undergo a change, and some species will
probably become extinct. We may con-
clude from what we have seen of the
intimate and complex manner in which
the inhabitants of each country are
bound together that any change in the
numerical proportions of the inhabitants,
independently of the change of climate
itself, would seriously affect the others.
If the country were open on its borders,
new forms would certainly immigrate,
and this would likewise seriously disturb
the relations of some of the former
inhabitants, Let it be remembered how
powerful the influence of a single intro-

duced tree or mammal has been shown
to be. But in the case of an island, or
of a country partly surrounded by barriers,
into which new and better adapted forms
could not freely enter, we should then
have places in. the economy of nature
which would assuredly be better filled
up if some of the original inhabitants
were in some manner modified ; for, had -
the area been open to immigration, these
same places would have been seized on
by intruders. In such cases slight modi-
fications which in any way favoured the
individuals of any species by better
adapting them to their altered conditions

~would tend to be preserved, and Natural

Selection would have free scope for the
work of improvement. - -
“We bave good reason to believe that.

- changes in the conditions of life give a

tendency to increased variability ; and,
in the foregoing case, the conditions
have changed, and this would manifestly
be favourable to Natural Selectiori by
affording a better chance of the occur-
rence of profitable variations. Unless
such' occur, Natural Selection can do
nothing. Under the term of “ variations,’
it must never be forgoften. that mere
individual differences are included”
(p. 63). : . -

“ Nature cares nothing for appearances,
except in so far as they are useful to any
being. She can act on every internal
organ, on every shade of constitutional -
difference, on the whole machinery of
life. Man selects only for his own good
—Nature only for that of the being which
she tends.” : '

“Under nature, the slightest differences
of structure or constitution may well turn
the nicely-balanced scale in the. struggle
for life, and so be preserved.,” =~ .

We may say “that Natural Selection
is daily and hourly scrutinising, through-
out the world, the slightest variations; .
rejecting those that are bad and adding
up all that are good ; silently and insen-
sibly working, whencver and wherever
opportunity offers, at the improvement of
each organic being in relation to its
organic and inorganic conditions of life.”
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“When we see leaf-eating insects green
and bark-feeders mottled gray, the alpine
ptarmigan white in winter, the red-grouse

“the colour of heather, we must believe

. that these tints are of service to these

birds and insects in preserving them from
danger.” We know that the colour of
the hogs which feed on the “paint-root”

.in Virginia determines whether they shall

A

live or die. *In plantsthe down on the
fruit and the colour of the flesh are con-
sidered by botanists as characters of the
most trifling importance; yet we hear
from Downing that in the United States
smooth-skinned fruits suffer far. more
from a beetle, the Curculio, than those
with down ; that purple plums suffer far
more from certain diseases than yellow
plums ; whereas another disease aftacks
yellow-fleshed peaches far more than
those with other coloured flesh.” )
These seem but slight differences, yet
“assuredly in a state of mature, where
the trees would have to" struggle with
other trees and with a host of enemies,
such differences- would effectually settle
which variety, whether a smooth  or
downy, a yellow or purple fruit; should
succeed.” . : . o
*" These examples could be vastly multi-

plied, and they must be taken as indi- |

cating the method by which Natural
Selection can be effected.

-%Natural Selection will modify the
structuré of the young in relation to the
parent, and of the parent in relation to
the young. In social animals it will

‘adapt the structure of each individual

" for the benefit of the whole community,

if the community profit by the selected
thange.” ‘What Natural Selection cannot

~do is to modify the structure of one
' species, without giving it any advantage,
" for the good of another species; and,

‘though statements to this effect may be
found in works of mnatural history, I

cannot find one case which will bear
investigation. A structure used only
once in an animal's life, if of high
importarice to it, might be modified to

.any extent by- Natural Selection: for
* instance, the great jaws possessed by

certain  insects, used exclusively for
opening the cocoon ; or the hard tip to
the beak of unhatched birds, used for
breaking the egg. It has been asserted
that of the best short-beaked tumbler
pigeons a greater number perish in the
egg than are able to get out of it, so that
fanciers assist in the act of hatching. .
Now, if nature had to make the beak of
a fullgrown pigeon very short for the
bird’s own advantage, the process of
modification would be very slow, and
“there would be simultaneously the most
rigorous selection of all the young birds
within the egg which had the most
powerful and hardest beaks, for all with
weak beaks would inevitably perish; or
more delicate and more easily broken
shells might be selected, the thickness of
the shell being known to vary like every
other structure” {pp. 67 and 68).

Probably Natural Selection has worked
most frequently by seizing upon slight
and oftrecurring variations rather than
by a few exceptional variations.

“There can also be little doubt that
the tendency to vary in the same manner
has often been so -strong that all the
individuals of the same species have
been similarly modified without the aid
of any form of selection. Or only a
third, fifth, or tenth part of the indi-
viduals may have been thus affected, of
which fact several instances could be
given. Thus Graba estimates that about
onefifth of the guillemots in the Farbe
Islands consists of a variety so well
marked that it was formerly ranked as a
distinct species under the name of Uria
lacrymans. In cases of this kind, if the
variation were of a beneficial nature, the
original form would soon be supplanted
by the modified form, through the sur-
vival of the fittest” (p. 72) - !

In order to avoid any misunderstand-
ing of this doctrine of “Natural Selec-
tion,” I give a summary of Mr. Alfred
Russel Wallace's gutline of it:—

“The grand feature in the increase of
living things is that close general resem-
blance is combined with more or less
individual variation, "The child resembles
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its parents or ancestors more or less

closely in all its peculiarities, deformities,
‘or beauties ; it resembles them in general
" more than it does any other individuals.
This is what we mean when we say of
children that they have a ‘family like-
ness.” Yet children cf the same parents
-are not all alike, and it often happens
that they differ very considerably from
their parents and from each other. This
1s equally true of man, of all animals,
and of plants, They differ from them
and from each other in every particular:
in form, in size, in colour; in the struc-
ture of internal as well as of external
organs; in those subtle peculiarities
which produce differences of constitu-
tion, as well as in those still more subtle
ones which lead to modifications of mind
and character. In other words, in every
possible way, in every organ, and in every
function, individuals of the same stock
vary.

“ Now, health, strength, and long life
are the results of a harmony between
the individual and the universe that sur-
rounds it. Let us suppose that at any
given moment this harmony is perfect.
A certain animal is exactly fitted to
secure its prey, to escape from its
enemies, to resist the inclemencies of
the seasons, and to rear a numerous and
healthy offspring. But a change now
takes place. A series of cold winters,
for instance, come. on, making food
scarce, and bringing an immigration of
some other animals to compete with the
former inhabitants of the district. The
new immigrant is swift of foot, and sur-
passes its rivals in the pursuit of game ;
the winter nights are colder,-and require

“a thicker fur as protection, and more
nourishing food to keep up the heat of
the system.
is no longer in harmony with the universe ;
it is in danger of dying of cold or starva-
tion. But the animal varies in its off-
spring. Some of these are swifter than
others—thcy still manage to catch food
enough; some are hardier and more
thickly furred—they manage in the cold
nights to keep warm enough ; the slow,

Our supposed perfect animal -

the weak, and the thinly clad soon die
off. Agam and again, in each succeed-
ing generation, the same thing takes
place. "By this natural process, which is
so inevitable that it cannot be conceived-
not to act, those best adapted.to live,
live ; those least adapted, die.- It must
be so; for as all wild animals increase in
a geometrical ratio, while their actual
numbers remain on an average stationary,
it follows that as many die annually as
are born. If, therefore, we deny Natural
Selection, it tan only be-by asserting-
that, in such a case as I have supposed,
the strong, the healthy, the swift, the
wellclad, the well-organised animals, in’
every respect have no advantage over—
do not on the average live longer than—
the weak, the unhealthy, the slow, the
ill-clad, and the imperfectly organised
individuals ; and this no sane man has
been found hardy enough to assert. But
this-is not all; for the offspring, on the
average, resemble their parents, and the’

‘selected portion - of each succeeding

generation will, theréfore, be stronger,
swifter, and more ‘thickly furred than -
the last ; and if this process goes on for
thousands of generations, our animal will
have again become thoroughlyin harmony
with the new conditions in which it is
placed. - But it will now be a different
creature. - It will be hot only swifter and
stronger and more furry, it will also
probably- have changed in colour, in
form—perhaps have acquired a longer
tail or differently shaped ears; for it is
an. ascertained fact that, when one part
of an animal is modified, some other.
parts almost always change, as it were, in
sympathy with it. Mr. Darwin calls this"
‘torrelation of growth,’ and gives as
instances that hairless dogs have imperfect
teeth; while cats, when blue-eyed,, are -
deaf; ’ small feet accompany short beaks
in pigeons ; and other equally mterestmg
cases. ’
“Grant, therefore, the premises—ist,
That peculiarities of every kind are more -
or less hereditary. 2nd, That the offspring
of every animal vary more or less in all
parts of their organisation. 3rd, That
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the universe in which these animals live
is not absolutely invariable: none of
which propositions can be denied ; and
then consider that the animals in any
country (those, at least, which are not
.dying out) must at each successive
period be brought into harmony with the
‘surrounding conditions, and we have all
the elements for a change of form and
structure in the animals, keeping exact
pace with changes of whatever nature in
the surrounding universe.

“This is, briefly, the thedry of ¢ Natural
Selectlon, ‘which explalns the changes in
the organic world 4s being parallel with,
and in part dependent on, those in the

. inorganic” (ZEssays on Natural Selection,
PP. 307-31I).

It may be worth while to give another
and more complex illustration of the
action of Natural ,Selection. * Certain
plants excrete sweet juice, apparently
for the sake of eliminating something
m]unous from the sap. This is effected,
for instance, by glands at the base of the
‘stipules in spme Leguminose, and at the
backs of theleaves of the common laurel.
This juice, though- small in quantity, is
greedily sought by insects ; but their visits
do not in any way benefit the plant.
Now, let us_suppose that the juice or
nectar was excreted from the inside of
the flowers of a certain number of plants
of any species. Insects, in seeking the

, nectar, would get dusted with pollen, and
would often transport it'from one flower
to another. The flowers of two distinct
individuals of the same species would
-thus get crossed ; and the act of crossing,
as can be. fully proved, gives rise to
vigorous seedlings, which consequently
would have the best chance of flourishing
and surviving. The plants which pro-
.duced flowers with the largest glands or
nectaries, excreting most nectar, would
oftenest be visited by insects, and would
oftenest be crossed ; and so, in the long
run, would gain the upper hand and form
a local variety. - The flowers, also, which
had their stamens and pistils placed in
relation to the size and habits of the par-
ticular insect which visited them, so as to

favour in any degree the transport of the
pollen, would likewise be favoured. We
might have taken the case of insects
visiting flowers for the sake of collecting
pollen instead of nectar ; and as pollen
is formed for the sole purpose of fertilisa-
tion, its destruction appears to be a
simple loss to the plant; yet if a little
pollen were carried, at first occasionally
and then habitually, by the pollen-
devouring insect from flower to flower,
and a cross thus effected, although nine-
tenths of the pollen were destroyed, it
might still be a great gain to the plant to
be thus robbed; and the individuals
which produced more and ‘more pollen,
and had larger anthers, would be selected.

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

_ ““Let us now tum to the nectar-feeding
msects.
which we have been slowly increasing
the nectar by continued selection, to be
a common plant, and that certain insects
depended in main part on its nectar for
food. I could give many facts showing
how anxious bees are to save time; for
instance, their habit of cutting holes and
sucking the nectar at the bases of certain
flowers, which, with a very little more
trouble, they can enter by the mouth,
Bearing such facts in mind, it may be
believed that, under certain circum-
stances, individual differences in the
curvature or length of the proboscis, etc.,
too slight to be appreciated by us, might
profit a bee¢ or other insect, so that

certain

We may suppose the plant, of

individuals would be able to
obtain their food more quickly thah
others; and thus the communities to
which they belong would flourish and
throw off many swarms inheriting the .
same peculiarities. The tubes of the
corolla of the common red and incarnate _
clovers (Zrifolium pratense and incar--
natum) do not, on a hasty glance, appear
to differ in length, yet the hive-bee can
easily suck the nectar out of the incar-
nate clover, but not out of the common -
red clover, which is visited by the humble-
bees alone, so that whole fields of the red
clover offer in vain an abundant supply”
of precious nectar tothe hive-bee. That
this nectar is much liked by the hive-bee
is certain, for I have repeatedly seen, but
only in the autumn,*many hive-bees
sucking the flowers through holes bitten
in the base of the tubes by humble-bees.
The difference in the length of the corolla
in the two kinds of clover, which deter-
mines the visits of the hive-bee, must be
very trifling ; for I have been assured .
that, when red clover has been mown,
the flowers of the second crop are smaller,
and that these are visited by many hive-
bees. I do not know whether this state--
ment is accurate, nor whether another
published statement can be trusted—
namely, that the Ligurian bee, which is
generally considered a mere variety of -

‘the common hive-bee, anid which freely

crosses with it, is able to reach and suck.
the nectar of the red clover. Thus, in

a "country where this kind of clover.
abounded it might be a great advantage
to the hive-bee to have a slightly longer
or differently constructed proboscis. On
the other hand, as the fertility of this.
clover absolutely depends on bees visit-
ing the flowers, if humble-bees were to-
become rare in any country, it might be

a great advantage to the plant to have a.
shorter or more deeply-divided corolla,
so that the hive-bees should be enabled
to suck its flowers. Thus I can under-
stand how a flower and 2 bee might
slowly become, either simultaneously or
one after the other, modified and adapted -
to each other in the most perfect manner
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- by the continued preservation of all the
individuals which presented slight devia-
. tions of structure mutually favourable to
each other” (¢6id, pp. 73, 74, and 75).
Circumstances favourable for the pro-
duction of new jforms through Natural
. Selectzon -

-* This is an extremely intricate subject
"A great amount of variability, under
which' term individual = differences are
. always incloded, will evidently be
favourable.- ' A large number of indi-
viduals, by giving a better chance within
any given period-for the appearance of
profitable variations, will compensate for
a lesser -amount of variability in each
. md1v1dua1, and is, I"believe, a highly

important_element of success. Though
Nature grants long periods of time for
_the work of Natural Selection, she does

-not grant an indefinite period ; for as all

organic beings are striving to seize on
each -place in the economy of nature, if
- any one species does not beconie modi-
fied and improved-in a. correspording
degree with~ its competitors, it will be
exterminated. Unless favourable varia-
tions be inherited by some at least of the
-offspring, nothing can be _effected by
Natural  Selection. .- The tendency to
_teversion may often check or/ prevent
. the work ; but as this tendency has not
_ prevented man from forming by selection
numerous domestic races, why should jt
" prevail aga,mst Natural Selectlon P (bid,
8o .
.p Buz when man selects for some definite
object, if the individuals be allowed
freely to inter-cross, his work will fail.
e Inter-crossing plays a very important
o part in nature by keeping the individuals
of the same species, or of the same
- vanety, true and uniform in character.”
But - isolation modifies . this- very
greatly. If the animals-live in a con-
- fined area, say an island, “the organic
_.and -inorganic conditions of. life will
generally -be  almost uniform, so that
Natural Selection will tend to modify all
the varying individuals of the same
- species in.the-same manner. Inter-

crossmnr w1th the mhabltants of the

surrounding dlStrlCtS will also be pre-
vented.”

“ Although isolation is of great impor-
tance in the production of new species,
on the whole I am inclined to believe
that largeness of area is still more impor-
tant,” especially for the production of
species which shall prove capable of
enduring for a’ long period, and of
spreading widely. . Throughout a great
and open area, not only will there be a
bettér chance of favourable variations
arising from the large number of indi-
viduals of the same’ species there sup-
ported, but the conditions of life are
much more - complex from the large
number of already existing species ; and
if some of these many species become
modified and improved, others will bave
to be improved in" a corresponding,
degree, or they will be exterminated.
Each new form also, as soon as it has
been much improved, will be able tq
spread over. the open and continuous
area, and will thus come into competition
with -many other forms. Moreover,
great areas, though now continuous,
will often, owing to former oscillations of
level, have existed in a broken condition,
' so that the good effects of isolation will
generally, to a certain extent, have
-concurred.  Finally, I conclude that,
although small isolated areas have been
in some respects highly favourable for
the production of new species, yet that
the course of modification will generally
have been more rapid on large areas;
and, what is more important, that the
new forms produced on large areas, which '
already have been victorious over many
competitors, will be "those that -will
spread most widely, and will give rise to
the greatest number of new varieties and
species. They will thus play a more
important part in the changing history
of the organic world” (#644, pp. 82 and
8

32[‘1115 may help us to understand how it
is that the productions of a smaller conti-
- nent like Australia disappear before those
of the larger continents. Continental

producnons seem to have taken refuge
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on islands because on them the race for
life will have been less severe, and there
. will have been less modification and less
extermination. . Hence we can under-
stand how it is that the flora of Madeira
resembles to a certain extent the extinct
tertiary flora of Europe.

The same thing happens in fresh-water
basins which are comparatively small:
the competition has been less severe, and
new forms have been more slowly pro-
duced, old forms more slowly exterml-
nated.

It is in fresh-water basins that we find
seven kinds of ganoid fishes, remnants of
a once preponderant order; in fresh water
we find some of the most irregular forms
now known in the world, as the ornitho-

rhyncus. (see Fig. 6) and lepidosiren,-

which, like fossils, connect to a certain
extent orders at present widely severed.
“These anomalous forms may be called
living fossils ; they have endured to the
present day, from having inhabited a
confined area, and from having been
exposed to less varied and therefore less
severe, competition.”

“To sum up, as far as the extreme
intricacy of the subject permits, the cir-
cumstances favourable and unfavourable
for the production of new species through
Natural Selection. . I conclude that for
terrestrial productions a large continental
area, which has undergone many oscilla-
tions of level, will have been the most
favourable for the production of many
new forms of life, fitted to endure for a
long time and to spread widely. While
the area existed as a continent, the
inhabitants will have been numerous
in individuals and in kinds, and will have
been subjected to severe competition.
WWhen converted by subsidence into
large separate islands, there will stiil
have existed many individuals of the same
species on each island ; inter-crossing on
the confines of the range of each new
species will have been checkedj after
physical changes of any kind, immigra-
tion will have been prevented, so that
new places in the polity of each island
will have had to be filled up by the

modification of the old inhabitants;
and . time will have been -allowed for
the varieties in each to become well
modified and - perfected. When; by
renewed elevation, the islands were
reconverted - into a continental - area,’
there will again have been very severe -
competmon' the most favoured or im-
proved varieties will have been enabled
to spread; there will have been much
extinction of  the less improved forms,
and the relatively proporttonal numbers °
of the various inhabitants of the re-united

“continent wilt again have been changed;

and again there will bave been a fair field
for Natural Selection to-improve- the
inhabitants, and thus to produce new
species. :
“That Natural Selection generally acts_
with extreme slowness I fully admit; Tt
can act only when there are places in
the natural polity of a district which can
be better occupied by the modification
of some of its existing inhabitants. The
occurrence of such places” will often
depend on physical. changes, which
generally take place very slowly, and on
the immigration of better adapted forms
being prevented. - ‘As some few of the
old inhabitants become modified, the
mutual relations of -others will often be
disturbed, and this will create new places,
ready to be filled up by better adapted
forms. But all this will take place :very
slowly. Although all the individuals of
the same species differ in' some slight
degree from each other, it would often

‘be long before differences of the right -

nature in various parts of the organisa-
tion might occur. The Tesult would
often be greatly retarded by the free’
intercrossing. Many -will exclaim that
these several causes are -amply sufficient .
to neutralise the power of Natural
Selection. I do not believe so. But I
do believe that Natural Selection will
generally act very slowly, only at long
intervals of time, and only on a few
inhabitants of the same region. I
further believe that these slow, inter-
mittent results accord well with what
geology tells us of the rate and manner
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“at which the inhabitants of the world
have changed.

“Slow though the’ process of selectlon
may be, if feeble man can do much by
-artificial selection, I can see no limit to
the amount of change, to the beauty and
complexity of the co-adaptations between

- all organic beings, one with another and

with their physical conditions of life,
which ‘may have been effected in the
long course of time through nature’s
power of selection; that is, by the
sulivwa.l of the fittest ” (i, pp. 84 and
85

Lxtinction caused by Natural Selection.

. “ Natural Selection acts solely through
the preservation of variations in some
way advantageous, which consequently
endure. Owing to the high geometrical
tate of increase of all organic beings,
each area is already Tully stocked with
inhabitants; and it follows from this

that, as the favoured forms increase in |°

number, so generally will - the less
favoured decrease and become rare.

- Rarity, as geology tells us, is the pre-
-cursor ‘of extinction.” Any form which
is represented by few individuals will run
a good chance of utter extinction. Nay,
more, as new forms are produced, many
old forms must become extinct.

- Species which are most numerous in
individuals have the best chance of
producing favourable variations within
any given period. ‘It is “the common
‘and diffused species which offer the
* greatest number of recorded varieties.
1t inevitably follows that, as new species
in the course of time are formed, others
become rarer and rarer, and finally
.extinct. Each new variety will press
hardest on its nearest kindred and tend
to exterminate them.

“We see the same process of extermi-

nation among our ‘domesticated produc-

tions through the selection of improved
forms by man. Many curious instances
~could be given showing how quickly new
breeds of cattle, sheep, and other animals,
-and varieties of flowers, take the place
“of older and inferior kinds. In Vork-
shire it is historically known that the

ancient black cattle were displaced by
the long-horns, and  that these *were
swept away by the short-horns’ (I quote
the words of an agricultural writer) ‘as
if by some murderous pestilence’ ” (#6:d,
p. 86).

Divergence of character.

.This principle is of high importance,
and explains several important facts. In
the first place, varieties differ far less
from each other than do distinct species.
Varieties are species in the process of
making. How, then, do varieties be-
come species?

A variety might arise, in the natural
course, differing from’its parents; and
the offspring of this variety might again
differ from its parents in a. greater.
“degree, but this would never account for
so bhabitual and large a degree of dif-
ference as that between the species of
the same genus.

Turning to our domestic animals, it
will be admitted that races so w1dely
different as the.race and cart horses
could never be effected by the mere
chance accumulation of similar variations
during many successive generations.

¢ Again, we may suppose that at an
early period of-history the men of one
nation or district required swifter horses
in the one case and stronger ones in the
other, the differences would become
greater, and would be noted as forming
two sub-breeds. Ultimately, after the
lapse -of centuries, these sub-breeds
would become converted into two well-
-established and distinct breeds. As the
differences became greater, the inferior
animals with intermediate characters,
being. neither very swift nor very strong,
would not have been used for breeding,
and will thus have tended to disappear.
Here, then, we see in man’s productions
the action of what may be called the
principle of divergence, causing dif-
ferences, at first barely appreciable,
steadily to increase, and the breeds to
diverge in character, both from each
other and from their common parent ”
(i6:d, p. 87).

Does anything like this apply in
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nature? So it seems, * from the simple
circumstance that the more diversified
- the descendants from any one species
become in structure, constitution, and
habits, by so much will they be better
cnabled to seize on many and Wwidely
diversified places, and so to increase in
numbers.”

It has been proved that a greater
weight of hay will be got from a patch of
ground sown with several distinct grasses

than can be got if sown with only one
kind of grass. So that nature favours
divergence. This has been proved in
many ways, and may be taken as demon-
strated. We may form a general rule
that the more diversified in, structure the
descendants from any=-one.species can
be rendered, the more places they will
be able to seize upon, and the more
their modified progeny will increase.

CuaarTER IX.

 DIFFICULTIES OF THE THEORY OF EVOLUTION

No one supposes that the theory of
Evolution has cleared up every point
with regard to the wonderful varieties of
living things. The theory as presented
by Darwin is new, and a vast part of
nature is yet unexplored.

There are many objections to the
.theory which are not difficulties. These
are merely created by ignorance or
prejudice.

Those who find a difficulty in the
theory because men have not tails, or
- because a substance found in the eozoic
rocks is thought by some 4o be a
foraminifer, require more knowledge.
For instance, Eozoon Canadense is the
name applied to remains found in the
eozoic rocks. Some maintain that they
are the remains of an animal like the exist-
ing foraminifera, and then they exultingly
cry, “Here is a case which knocks down
your evolution theory, for in this animal
there has been no evolution !”

Now, to the Evolutionist it does not
matter whether the remains are those of
an animal or vegetable ; neither does it
make the slightest difference if they
could photograph these remains and any

existing animal or vegetable, and find the
old and the new exactly alike—for this
simple reason, that  the " doctrine - of-
Evolution never demanded that every
animal and plant should go on in one
unbroken line of development. To
have ' development there must be a
favourable variation in the organism and
a suitable environment to develop that
variation. If, on the other hand, the
conditions remain almost the same for a
million "years, the organism is likely to
remain almost the same for a million
years.

I cannot do better than quote Mr.
Huxley’s strong words on this fictitious
difficulty. In his second lecture on
Evolution he says :—

“Facts of this kind are undoubtedly
fatal to any fornr of the doctrine of”
Evolution which _Postulates the supposi-
tion that there is an intrinsic necessity .

.| on the part of animal forms which have

once come into existence to undergo
continual modification ; and they are as
distinctly opposed to any view, which
involves the belief that such modifica-
tion as may occur must take place, at
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the same rate, in all the different types
of animal or vegetable life. The facts,
as I have placed - them before you,
obviously directly contradict any form of
the hypothesis of Evolution which stands
in nieed 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 existence of
which in all living forms may be proved

.by observation; the otheris the influence
of surrounding conditions upon what I
may call the parent form and the varia-
tions which are thus evolved from it.
The: cause of the production of varia-
tions-is a -matter not at all properly
-understood at present. Whether. varia-
tion depends upon some intricate
machinery—if I may use the phrase—of
the living’ organism itself, or whether it

arises ‘through the influence of condi--

tions upon that form, is not cértain; and
the question may, for the present, be
left opep. But the important point is
“that, . granting - the existence of the
tendency 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 variations, is a
matter which depends entirely on those
conditions which give rise to the struggle
for existence.  If the surrounding condi-

tions 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
parent 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 4
derived than to the parent ‘form, the
_parent, form -will be extirpated and the
derived form will take its place.
first case, there will be no progression, no
change of structure, through any imagin-
able series of ages; in the second place,
there will be modification and change of
form ” (ZLectures and Essays, p. 24).

In the”

" We must patiently smile at such’
objections, just as we do when some
lady of seventeen summers seriously
informs us that she has never seen any
gill-slits in Zer neck, though she has
often looked for them! Still more hope-
less is it when the objector creates an
impossible theory of his own, and then
begins to smash it up, under the fond

| delusion that he is answering the diffi-
“culties

of Evolution. Scarcely less
humerous is the position of those who
cannot accept the teachings of science,
because they would interfere with the
cherished convictions -of their grand-
parents. This is as rational as would be
the conduct of one who refused to have
his house drained because his grand-
mother”died in it at the age of eighty,
and what was good enough for her was
good enough for him.

" Such objections as these there must
be, and we can only recognise that they
enliven life and furnish valuable evidence
of the truth of Evolution, for some at
least have evolved beyond this stage.

It would be untrue not to admit that
there are some real difficulties. Darwin
himself felt many of them. .

Two facts we must always bear in
mind : first, our ignorance of many
things in the life-history of the world ;
second, that the thousands of dlscovenes
made durmg the last half century have
removed many old difficulties and have
not created new ones.

So that now the difficulties are really .
much less than when Darwin published
his sixth edition in 1872, and even then
he said: “To the best of my -judgment"
the greater number are only apparent, and
those that are real are not, I think, fatai
to the theory.”

* These . dlfﬁculnes and objections
may be classed under the following
heads: First, why, if species have
descended from other species by fine
gradations, do we not everywhere see
innumerable transitional forms? Why
is not all nature in confusion, instead of
the species being, as we see them, well
defined ?
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“Secondly, is it possible that an animal
having, for instance, the structure and
habits of a bat could hgve been formed
by the modification of some other animal
with widely different habits and struc-
ture? Can we believe that Natural
Selection could produce, on the one
hand, an organ of trifling importance,
such as the tail of a giraffe, which serves
as a fly flapper, and, on the other hand,
an organ so wonderful as the eye ?

“Thirdly, can instincts be acquired
and modified through Natural Selection?
What shall we say to the instinct which
leads the bee to make cells, and which
has practically anticipated the discoveries
of profound mathematicians ? -

“ Fourthly, how can we account for
species when crossed being sterile or
producing sterile offspring, whereas when
varieties are crossed their fertility is
unimpaired ?” (Origin of Species, p. 133).

To take them in order, we will follow |

‘Darwin briefly in dealing with these
difficulties.

I. The absence or rarity of transitional
forms,

Natural Selection only preserves that
which is -profitable in the various
modified forms which arise. In a well-
stocked country each new form will tend
to take the place of, or finally to exter-
minate, its own less improved parent
form and the other less favoured forms.
Extmcnon and Natural Selection go
hand in hand. We cannot too often
repeat this truth, for this alone banishes
defective and intermediate forms with
amazing rapidity.

“Hence, if we look at each species as
descended from some unknown form,
both the parent and all the transxtlonal
varieties will generally have been exter-
minated by the very process of the forma-
tion and perfection of the new form.”

We must grasp this and ponder over
it till we are familiar with the law, for, if
it is not true, evolution by Natural
Selection has no ground to stand upon.

Still, by the demands of the theory,
there must have been transitional forms
—that is, forms between the lower and

the more perfect; the most perfect
beings, we see, have only developed by
constant changes and through many
varieties. Why, then, do we not find
more of these imperfect forms in count-
less numbers embedded in the crust of
the earth ?

“There are two. clear answers to thls
First, we have not yet sufficiently explored

" the rocks which form the earth’s crust.

When -we consider the extent of the
surface of our globe, and the vast area
which is under water, we see how small
is the part which has been explored.

The second answer is that only certain
classes of organic beings have been

.| largely preserved in a fossil state; that"

the number both of specimens and
species in our museums is absolutely as

nothing compared with the number of

generations which must have passed
away even during a single formation.

It is clear that, in any case, creatures
composed of soft or delicate substance
could hardly be expected to survive in

81 .
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the conditions necessary for the forma- -

.tion of rocks. . For instance, it seems
well established that a subsidence of the
earth is almost necessary for the storing
up of deposits rich in fossil species of

many kinds and thick enough to outlast

the wear and tear of our ever-changing
globe ; therefore, great intervals of time
must have elapsed between most of the
successive formations, . Yet there has
been probably greater extinction during
the periods of subsidence, so that the
fewest specimens were present just where
they might have been preserved.’

.. On the other hand, during periods of
elevation, of the land._there was more
variation;, but here their chance of
preservation was small,

If these two laws can be proved by
geologists, they do much to account for
the imperfect record in the earth’s crust.

When the great geologist Sir Charles
Lyell was convinced, against his wish,
of the truth of Darwin’s theory of the
origin of species, he emphasised this
imperfection of the earth’s record clearly
and beautifully by comparing the crust of
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the earth to a book of which we have but
a few pages. And Darwin said later :—

““Those who believe that the geological
record is in any degree perfect will
undoubtedly at once reject the theory.
For my part, following out Lyell’s meta-
phor, Ilook at the geological record as
a history of the world imperfectly kept,
and written in a changing dialect; of

this history we possess the last volume’

- alone, relating only to two or three
countries. Of this volume only here
- and there a short chapter has been
_preserved ; and of each page, only here
and there a few lines. Each word of
the slowly :changing language, more or
- less different in the successive chapters,
. may represent the -forms of_life which

are entombed in our consecutive forma--

+ tions, and which falsely appear to us to

have been abruptly introduced. On this

" view the difficulties above discussed are

greatly diminished, or even disappear”
(Origin of Species, p. 289). '

This difficulty has indeed vanished.

‘When Professor Huxley was in America,

- Professor Marsh took him to Connecticut-

, to see the great beds of sandstone there,
“which extend for several square "miles,
having once formed part of an ancient
sea-shore, or lake-shore. He says: “For
_ a certain period of time after their depo-
sition these beds remained sufficiently
soft to receive the impressions of the feet
- of whatever animals walked over them,
.and to- preserve them afterwards, in
exactly the same way as such impres-
sions are at this hour preserved onthe
shores of the Bay of Fundy and else-
where. In these rocks are found foot-
- prints that represent 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 threetoed foot on the
_ same side is one stride, and that stride,
as we measured it, is six feet nine inches.
I leave you, therefore, to form an impres-
sion of the magnitude of the creature
which, as it walked along the ancient
shore, made those impressions.

“ Of such impressions there are untold
thousands upon these sandstones. Fifty
or sixty different kinds have been dis-
covered, and they cover vast areas. But,
up to the present time, not a bone, not a
fragment, of any one of the animals
which left these great foot-marks has
been found; in fact, the only animal
remains which have been met with in all
these deposits, 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 which made a step of
six feet nine inches ; and their remains
must have been left somewhere. The
probability is that they have been dis-
solved 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 afterwards to be dissolved out,
leaving cavities of the exact shape of the
bones. Had the constitution been other
than it was, the bones would have been
dissolved, the layers of sandstone would
have fallen together into one mass, and
not the slightest indication 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
plants did not exist at the time it was
formed ” (Lectures and Essays, 6d. ed.,
p- 26). ‘ .

Leaving, then, the strict geological
record, we ask how it is that, if distinct
species are formed by slight changes in”
succeeding generations, the whole world
of life is not a chaos of varying and
intermediate links? .
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Darwin points out that there are many
reasons which would prevent this confu-
sion.

Because new varieties are very
slowly formed, for variation is a slow
process, and Natural Selection can do
nothing till the favourable variation
gceurs.

2. Areas now connected must often
have been divided asunder. In this case
many forms may be separately rendered
distinct species. And the intermediate
varieties which. existed on the separate
pieces of land will have been supplanted
and destroyed, so that they are no longer
found living,

3. In a continuous area intermediate
varieties will have been formed in inter-
mediate zones, and these varieties would
be of short duration, for they would
exist in fewer numbers than the varieties
they tend to connect. “The fact of their
being fewer would exposé them to a
severe struggle for life with the more
fixed forms, and this would lea.d to their
being_destroyed.

4. Lookmg not to any one time, but
to all time, if Darwin’s theory is true,
there must have existed numberless
intermediate varieties, linking closely
together all the species of the same
group ; but we must again repeat that
the very process of Natural Selection
tends always to kill off the parent forms
and the intermediate links, and therefore
we could only expect to find them in
fossil remains, and of these we have just
seen that there is but an imperfect record
in the earth’s crust, and this record is
not yet half read.

Much of this may be made clearer by
examples. .

Darwin says: “I may illustrate what 1
mean by supposing three varieties of
sheep to be kept, one adapted to an
extensive mountainous region ; a second
to a comparatively narrow, hilly tract;
- and a third to the wide plams at the
base; and that the inhabitants are all
trymg with equal steadiness and skill to
improve their stocks by selection; the
chances in this case will be strongly in

favour “of the great holders on the
mountains or on the plains improving
their breeds more quickly than the small
bolders on the intermediate narrow, hilly
tract ; and consequently the improved
mountain or plain breed will soon take
the place of the less improved hill breed ;

and thus the two breeds, which orlgmally

| existed in great numbers, will come into

close contact with each other, without
the interposition of the supplanted inter-
mediate hill-variety ” (p. 137).

“If about a dozen genera of birds
were to become extinct, who would have
ventured to surmise thag birds might have
existed which used their wings solely as
flappers, like the logger-headed duck
(micropterus of Eyton); as fins in the
water and as front-legs on the land, like
the penguin; as sails, like the ostnch
and functionally for no purpose, like the
apteryx? Yet the structure of  each of
these birds is good for it, under the con-
ditions of life to which it is exposed, for
each has to live by struggle ; but it is not
necessarily the best possible under all
possible conditions. It must not "be
inferred from these remarks that any of
the grades of wing-structure here alluded
to, which perhaps may all be the result of
disuse, indicate the steps by which birds
actually acquired their perfect flight; but
they serve to show what diversified means
of transition are at least possible ” (p. 140).

"II. We must now turn ta Darwin’s
second difficulty—namely, the develop-
ment of organs of extreme perfection and
complexity. -

He himself says: “To suppose that
the eye, with all its inimitable contrivances
for adjusting the focus to different
distances, for admitting different amounts
of light, and for the correcting of spherical
and chromatic aberration, could have
been formed by natural selection, seems,
1 freely confess, absurd in the highest
degree.”

Still, this could hardly be considered
more wonderful than a first-rate printing
press. No man could have invented such
a press at once. Its wonderful devices
for picking up the paper, printing upon
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_it, and then throwmg it off, give it the
" appearance almost of some hvmg intel-
ligent animal. "By slow degrees, by
many attempts, by making many and
small’ improvements, such mechanical
wonders have become the servants of
man, - Probably we could no more show
“all the steps in the evolution of such a
machine than we can produce all the
steps in the evolution of man from the
lowest vertebrate animal. : ‘

In such cases we should fix our atten-
tion on the steps. To ask a man to
jump from the ground to a third story
-window seems absurd enough, yet by a
little contrivance called a ladder, with
_steps a foot apart, the average man could
reach the third story -easily. It is,
therefore, quite unfair to take some
well-developed organ, such as' the eye,
“and begin to stumble around its wonders
-in blind adoration as if it had grown in
a single night, and was therefore a marvel
" bathed in-mystery. We must begin with
the simplest form of an" eye which we
canfind, or with the simplest order of
orgahism Wthh can be affected by
Jlight.. -~ :

Darwin says: Reason tells me that,
if‘numerous gradations from a simple
and 1mpe;fect eye to one complex and
perfect can be shown .to exist, each
“grade being useful to its possessor, as is
certainly the case; if, further, the eye
varies and themnanons ever be inherited,
as is-likewise certainly the case; and if
_such variations should be useful to any
animal under ‘changing conditions of
life, then the difficulty of believing that
‘a perfect and complex eye could be
formed -by Natural Selection, - though
insuperable - by .our . imagination, should
not be considered as subversive of the
theory. How a nerve comes to be sen-
sitive ‘to light hardly concerns ns more
than how life itself originated; but I
‘may remark that, as some of the lowest
organisms in which nerves cannot be
detected are capable of perceiving light,
it does not seem impossible that certain
sensitivé elements in their sarcode should
become aggregated a.nd developed into

|

nerves endowed with this special sensi-
bmty

“In searching for the gradations
through which an organ in any species
has been perfected, we ought to look
exclusively to its lineal progenitors ; but
this is scarcely ever possible, and we are
forced to look to other species and genera
of the same group ; that is, to the colla-
teral descendants from the same parent
form, in order to see what gradations are
possible, and for the chance of some
gradations having been transmitted in an
unaltered or little altered condition.
But the state of the same organ in
distinct classes may -incidentally throw
light on the steps by which it has been
perfected.

“The simplest organ which can be
called an eye consists of an optic nerve
surrounded by pigment-cells and covered
by translucent skin, but without any lens
or other refractive body. We.may, how-
ever, according to M. Jourdain, descend
even a step lower, and find aggregates
of pigment-cells, apparently serving as
organs of vision, without any nerves,
and resting merely on sarcodic tissue.
Eyes of the above simple nature are not
capable of distinct vision, and serve only
to distinguish light from darkness. In
certain’ star-fishes small” depressions in |
the layer of pigment which surrounds
the nerve are filled, as described by the
author just quoted, with transparent
gelatinous matter, projecting with a
convex surface, like the cornea in the
higher animals. He suggests that. this
Serves not to form an image, but only to
concentrate the luminous rays and render
their perception more easy. - In this con-
centration of the rays we- gain the first .
and by far the most important step
towards the formation of a true, picture-
forming eye ; for we have only to place
the naked extremity of the optic nerve,
which in some of the lower animals lies
deeply buried in the body and in some
near the surface, at the right distance
from the concentrating apparatus, and
an image will be found on it.

“In the grea.t class of the articulata
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(arthropoda) we may start from an optic
nerve simply coated with pigment, the
latter sometimes forming a sort of pupil,
but destitute of a lens or other optical
contrivance. With insects it is now
known that the numerous facets on the
comnea of their great compound eyes
form true lenses, and that the cones
include curiously-modified nervous fila-
ments. But these organs in the articulata
are so much diversified that Miiller
formerly made three main classes with
seven subdivisions, besides a fourth main
class of aggregated simple eyes.

“ When we reflect on these facts, here
given much too briefly, with respect to
the wide, diversified, and graduated range
of structure in the eyes of the lower
animals, and when we bear in mind how
small the number of all living -forms
must be in comparison with those which
_have become extinct, the difficulty ceases
to be very great in behevmg that Natural

. Selection may have converted the simple
apparatus of an optic nerve, coated with
pigment and- invested by transparent
membrane, into an-qptical instrument as
perfect as is possessed by any member
of the articulate class.

“ He who will go thus far ought not to
hesitate to go one step further, if he

finds, on finishing this volume, that large”

bodies of facts, otherwise inexplicable,
can be explained by the theory of modi-
fication through Natural Selection; he
ought to admit that a structure even as
perfect as an eagle’s eye might thus be
formed, although in this case he does
not know the transitional stages, It has
been objected that, in order to modify
the eye and still preserve it as' a perfect
instrument, many changes would have to
be effected simultaneously, which, it is
assumed, could not be done through
Natural Selection; but, as I have
attempted to show in my“work on the
variation of domestic animals, it is not
necessary to suppose that the modifica-
tions were all simultaneous, if they were
extremely slight and gradual. Different
kinds of modification would also serve
for the same general purpose. As Mr.

Wallace has remarked, if a lens has-too
short or- too long a focus, it .may be
amended either by -an alteration . of
curvature or an alteration-of density; ir~
the curvature be irregular and the rays-
do not converge to a point; -then any
increased regularity of -curvature will be
an improvement.” So the contraction
of the iris and the muscular movements
of the eye are neither of them essential
to vision, but only improvements which
might have been added and perfected at
any stage of the construction: of the
instrument.” Within the highest division -
of . the animal kingdom—namely, the
vertebrata—we can start from an eye so
simple that it consists, as in’the lancelet,
of a little sack-of transparent skin,
furnished with a nerve and lined -with
pigment, but destitute . of- any other
apparatus. In fishes and reptiles, as
Owen has remarked, ‘the range of grada-
tions of dioptric structures is very great.”,
It is a significant fact that even Lr-man, -
according. to the high authority . of

- Virchow, the beautiful- crystalline - lens

is formed in the embryo by an accumu-
lation of epidermic cells, lying in a sack-
like fold of the skin; and the vitreous
body is " formed from embryomc sub-
cutaneous tissue. . To arrive, however, at
a just conclusion regardmg the formation
of the eye, with all its marvellous yet
not absolutely- perfect characters, it is
indispensable that the reason should
conquer the imagination ; but I have felt
the difficulty far too keenly to be surprised
at others hesitating to extend theprin-°
ciple of Natural Selection to so startling
alength” (Origin of Species, pp. 143-146).
While dealing with the eye it may be
well to refer to another sort of difficulty.
I have' met with this kind of objection.
The cuttle-fish is a low order of animal,
and yet it has an eye almost as well
developed as the vertebrate, -How can
this be if man has come through the

| lower forms ?

Or, again, Mr, Mivart raised a great
difficulty of this sort from another point
of view, for he maintained that, where
organs are wonderfully alike in groups
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"widely separated, the resemblance be-
tween the organs cannot be due to
descent from a common ancestor.

The answer to both these difficulties
is that organs may be alike in general
appearance and function, yet there may
be fundamental differences between
them. Besides, it is not suggested that
‘man came through the cuttle-fish.

“ An organ for vision must be formed
‘of transparent tissue, and must include
some sort of lens for throwing an image
at the back of a darkened chamber.
Beyond this superficial resemblance there
is hardly any real similarity between the
eyes of cuttlefish and vertebrates, as
may be seen’ by consulting Hensen’s
admirable memoir on these organs in the

cephalopoda. It is impossible for me,

‘here to enter on details, but I may
specify a few of the points of difference.

The crystalline lens in the higher cuttle- -

,fish consists of two parts, placed one
" behind the. other like two lenses, both
baving a. very different structure and dis-

position to what occurs in the vertebrata..

The retina is wholly different, with an
actual inversion of the elemental parts,
and with a large nervous ganglion in-
cluded within the membranes of the eye.
The relations of the muscles are as dif-
ferent-as it is possible to conceive, and
so in other points. - Hence it is not a
little difficult to decide how far even the
same - terms ought to be employed -in
describing the eyes of the cephalopoda
and vertebrata. - -1t is, of course, open to
any one to deny that the eye in either
case could have been developed through
the natural selection of successive slight
variations ; but if this be admitted in the
one ‘case, it is clearly possible in the
-other; and fundamental differences of
structure in the visual organs of two
groups might have been anticipated, in
accordance with this view of their manner
of formation. Astwo men have some-
“times independently hit on the same
invention, so i the several foregoing
cases it appears that Natural Selection,
working for the good of each being and
taking advantage of all favourable varia-

tions, has produced similar organs, as
far as function is concerned, in distinct _
organic beings, which owe none of their
structure in common to inheritance from
a common progenitor” (pp. 151 and
152). '

As a fine illustration of the way in

which one organ may be formed by
modification from another, I quote :—
" “ Again, two distinct organs, or the
same organ under two very different
forms, may simultaneously perform in
the same individual the same function,
and this is an extremely important means
of transition: to give one instance—
there are fish with gills or branchi that
breathe the air dissolved in the water,
at the same time' that they breathe free
air in their swimbladders, this latter
organ being divided by highly vascular
partitions, and having a ductus pneu-
maticus for the supply of air. To give |
another instance from the -vegetable
kingdom : plants climb by three distinct
means, by spirally twining, by clasping a
support with their sensitive tendrils, and
by the emission of aerial rootlets ; these
three means are usually found in dlstmct
groups, but some few species exhibit
two of the méans, or even all three,
combined in the same individual. In
all such cases one of the two organs
might readily be modified and perfected
so as to perform all the work, being
aided during the progress of modifica- .
tion by the other organ; and then this
other organ might be modified for some
other and quite dJstmct purpose, or be
wholly obliterated. -

“ The illustration of Athe swimbladder
in fishes is a good one, because it shows
us clearly the highly important fact that
an organ originally eonstructed for one

purpose—namely, flotation—may be con-
verted into one for a widely different
purpose — famely, respiration.  The
swimbladder has also been worked in as
an accessory to the auditory organs of
certain fishes. All physiologists admit
that the swimbladder is homologous, or

‘ideally similar’ in position and structure
with the lungs of the hlgher vertebrate
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animals; hence there is no reason to
doubt that the swimbladder has actually
been converted into lungs, or an organ
used exclusively for respiration.

“ According to this view, it may be
inferred that all vertebrate animals with
true lungs are descended by ordinary
generation from an ancient and unknown
prototype, which was furnished with a
floating apparatus or swimbladder. We
can thus, as I infer from Owen’s interest-
ing description of these parts, understand
the strange fact that every particle of
food and drink which 'we swallow has. to
pass over the orifice of the trachea, with
some risk of falling into the lungs, not-
withstanding the beautiful contrivance by
which the glottis is closed. In the
higher vertebrata the branchize have

wholly disappeared ; but in the embryo -

the slits on the sides of the neck and
the loop-like course of the artéries still
mark their former position. But it is
conceivable that the now utterly lost
branchiz might have been gradually
.worked in by Natural Selection for some
distinct purpose ; for instance, Landois
has shown that the wings of insects are
developed from the trache ; it is there-
fore highly probable that in this great
class organs which once served for respi-
ration have been actually converted into
organs for flight ” (pp. 147 and 148).

We next consider Darwin’s third diffi-
" culty. :

I1I. Instinct.

Nothing could show more clearly
Darwin’s power of self-criticism, and of
fairly judging difficulties against his own
theory, than the amount of pains he
has taken in dealing with' instinct. He
introduces chapter viii. of the Origin of
Species thus :—

* Many instincts are so wonderful that
their development will probably appear
to the reader a difficulty sufficient to
overthrow my whole theory. I may
here premise that I have nothing to do
with the origin of the mental powers,
any more than I have with that of life
itself. We are concerned only with the
diversities of instinct and of the other

mental faculties in animals of the same
class. '

“T will not attempt any definition .of
instinct. It would be easy to show that
several distinct mental actions are com-~
monly embraced by this term; but every-
one understands what is meant when" it

is said that instinct impels the cuckoo to.

migrate and to lay her eggs in other
birds’ nests. An action which we-our-

selves require experience to enable us to

perform, when performed by an animal,

’

more especially by a young one without

experience, and when performed by

many individuals in .the same way,
without their knowing for what purpose:

it is performed, is usually said to be
instinctive.

of these characters are universal. A

But I could show that none.

little dose of judgment or reason, as

Pierre Huber expresses it, often comes

_into play, even with. animals low in the

scale of nature. -

“Frederick Cuvier and several of the . .

older metaphysicians have compared
instinct  with habit.© This comparison
gives, I think, an accurate notion of the
frame of ' mind under which an instinctive

action is performed, but not necessarily

of its origin. How unconsciously many
habitual actions are performed, indeed
not rarely in direct opposition fo our
conscious will !
fied by the will or reason. * Habits easily
become associated with other habits, with
certain periods of time, and states of the
body.- ‘When once acquired, they often
remain constant throughlife ” (p. zo03). .

“If we suppose any habitual action to
become inherited—and it can be shown

that this does sometimes, happen—then
the resemblance between what originally -

was a habit and an instinct becomes so
close as not to be distinguished.
Mozart, instead of playing the pianoforte
at three years old with wonderfully little
practice, had played a tune with no
practice at all, he might truly be said to
have done so instinctively. But it would
be a serious error to suppose that the
greater number of instincts have been
acquired by habit in one generation, and

Yet they may be modi-.

If .
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then transmitted by inheritance to suc-
ceeding generations. It can be clearly

_.shown that the most wonderful instincts
with which we are acquainted—namely,
those of the hive-bee and of many ants
-—could not possibly have been acqmred
by habit” (p. 206).

.. These passages have a great historical
interest quite apart from the doctrine of
Evolutien. They show the cloudy meta-
physics which “therl hung around the
whole question of instinct. In conse-
quence of this : metaphysical puzzle,
Darwin’s task of dealing with instinct was

_ rendered vastly harder than it really is.

-~ He has; however, given many wonder-
ful instances of the instincts of bees and
ants, and concluded that they do not
present any difficulty fatal to the theory
of Natural Selection.

"We need not now follow all these

" details, as much light has been- thrown

“on-the whole question by investigation
since, and notably by Professor Loeb.
This eminent discoverer in other realms
of biology has’ simplified the whole ques-
tion of instinct to a remarkable degree.
-He has shown that many ] mstmcts are no
longer . to. be "classified with * mental
powers,” and that, their origin is in no

- way ‘connected with habit. - . .

He has established the fact that many
_instincts "are ‘merely cases of simple

reflex action, and are to be explained by .

chemistry and physics. -

The Professor shall explain hlmself (I
quote from’his book,- Plz_yszology of the
Brain) — -

*. “The dnscnmmatxon between reﬂex,

-action and instinctive -action is chiefly
conventional. . In both cases we have to
deal with reactions to external stimuli or
-conditions.” But while we speak of reflex
actions when only a single organ or a
group- of organs react- to an external
stimulus, we generally speak of instincts
_when the animal as a whole reacts. In
_such cases the reactions of the animal,
although unconscious, seein often to be
directed towards a certain end” (p. 17%).
“The reader knows that certain plants,
when exposed to the light on one side—]

for instance, when cultivated at a window
—bend their tip towards the window
until the tip of the stem is in the direc-
tion of the rays of light. The tip then
continues to grow in the direction of the
rays. We call this dependence of orien-
tation on light, heliotropism. We speak
of positive heliotropism when the organ
bends towards the source of light, of

“negative heliotropism when the organ

bends away from it. It is generally
assumed that the light has a chemical
effect in these cases.”_

It has been known for a long time
that many animals are attracted by the
light and fly into the flame. This was
considered a special instinct. It was
said that these animals loved the light, that
curiositydrove themintoit. Ihave shown
in a series of articles, the first of which
appeared in January, 1888, that all these
actions are only instances of those phe-
nomena which were known in plants as
heliotropism. It was possible to show
that the heliotropism of animals agreed
in every point with that of plants. If a
moth be struck by the light on. one
side, those muscles which turn the head
toward the light become more - active
than those of the opposite side, and
correspondingly the head of the animal
is turned toward the source of light. As
soon as the head of the animal has this
orientation and the median-plane (or plane
of symmetry) comes into the direction of
the rays of light, the symmetrical points
of the surface of the body are struck by
the rays of light at the same angle. The
intensity of light is the same on both
sides, and there is no more reason why
the _animal should turn to the right or
left, away from the direction of the rays
of light. Thus it is led to the source of
the Jight.  Animals that move rapidly
(like the moth) get into the flame before
the heat of the flame has time to check
them in their flight. Animals that move
slowly are affected by the increasing heat
as they approach the flame ; the high
temperature checks their progressive
movement, and they walk or fly slowly
about’ the-flame. The more refractive
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rays are the most effective in animals, just
as in plants.”

Hence the“instinct ” thatdrives animals
into the light is nothing more than the
chemical—and, indirectly, the mechanical
—effect of light, an effect similar to that
which forces the stem of the plant.at the

window to bend towards the source of
light. The moth does not fly into the
flame out of “curiosity,” neither is it
“attracted” by the light; it is only
“oriented by it, and in such a manner
that its medlan-plane is brought into the
direction of the rays, and its head directed
towards the source of light. - In conse-
quence of this orientation, its progressive
movements must lead it to the source of
light.

“We now come to the most important

question in this chapter—namely, the
relation of the central nervous system to
the instincts. As. long as such appa-
rently complex things as the instincts are
not analysed, but treated as entities, it is
easy to believe that they are based upon
very mysterious nervous structures. . It
- would harmonise with the centre theory
to assume for the moth a * flying-into-the-
flame centre,’ and to seek for its localisa-
tion in the central nervous system. The
fact that the flying of the moth into the
flame is nothing but positive heliotropism,
and the fact that the positive heliotropism
of animals is identical with the positive
heliotropism of plants, proves that this
reaction must depend upon conditions
which are common to animals and plants.
Plants, however, possess no central
nervous system, therefore I believe that
it is impossible for the heliotropic reac-
tions of animals t6 depend upon specific
structures of the central nervous. system.
It is much more probable that they are
determined by properties which are
common to animals and plants” (pp
179-183).

These cases are only samples of Pro-
fessor Loeb’s method, and hardly do him
justice ; Lut if these explanatlons prove
to be final, and if they can be extended
to all ammal instincts (as seems likely),
then the whole question of instinct, in its

relation to Natural Selection, will require
examination, and we can only hope that
Professor Loeb will undertake this. In
any case, it is clear that some of the-
greatest difficulties with which Darwin
dealt have been explained now in such a
way that they can call for no explanation
with regard to Natural Selection.. © .

And it is not impossible that even
Darwin’s greatest difficulty of neuters
or sterile females in insect corhmunities™
may receive a much sxmpler explanatlon
than the one he has given.

-In fact, much has already been done
in this direction, It has_been shown in
the case of bees that the differences
between queens, workers, and_ drones
are largely, if not altogether, ‘due to
differences in food. This is only
another way of saymg 1t is a chemical
difference. :

Geddes and Thompson, in thelr
remarkable book on Z%e Euolution o
Sex, p. 43, say 7—

“Nor are there many facts more’
significant than this simple -and well--

known one, that within the first eight

days of larval life the addition of a little
food will determine the striking struc-
tural .and functional differences betw een
worker and queen..

“Eimer has drawn attention to the
interesting correlation - exhibited in the
fact that a larva destined to become a
worker, but converted into.a& queen,
attains, with the increased sexuality, all
the- little structural and psychological
differences which otherwise distinguish a
queen. Regarding fertilisation as a sort
of nutrition, he considers drones, workers,
and queens as three terms of a series.;
and the same -view is suggested by
Rolph. Eimer recalls some interesting
corroborations from humble-bees. There
the queen-mother, awakened from her
winter sleep by the spring sun, makes a
nest, collects food, and. lays her first
brood., These are not too abundantly
supplied with nourishment, the queen
having much upon her shoulders; they
develop into small females, workers in a
sense, but yet fertile, though only to the
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extent of producing drones. By-and-by
a second- brood of workers is born.
These have the advantage of elder
sisters, and are more abundantly
nourished, and develop into large
females. Still, like the first brood, they
produce drones, though occasionally
females. Finally, with the advantage of
two .previous broods of small and large
females, the future queens are born.
The above