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PREFACE 

THIS 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 are 
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 everythi,}lg! many things 
will become clearer when the investigation of the world has been carried 
to a sufficiently advanced stage. Stil~ the teaching· of Evolution has · 
done more to clear up the ID)'Steries of life· than has any previo_us 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 natural account of the world and all its 
inhabitants. · 

When we try to give a popular ~tatement of Evolution, .we are· met 
by two difficulties-=-first, the overwh~lming number of facts which go to 
prove the truth of the doctrine; second, the many hard- words .used. by . 
scientific men. . 

It must always be borne iri mind tha~ in this ~utli~e. I am not able· 
to furnish one-tenth of the facts on which_ the doctrine ~f Evolutio'n is 
based. 

As for the words, I have explained all those of a sp~cial chara~ter · 
which I have been compelled to use. If the student who may· still _ 
have some doubts as to the meanings will carefully read_ thr~e orforir 
chapters aided by a dictionary, he will soon find his difficulties <lisappear. 

Thanks are due to several firrns of P\lblishers, including Messrs. 
Macmillan & Co., Messrs. Kegan Paul & Co., _Messrs. Longmans, 
Green, & Co., and Messrs. Cassell & . Co., for permission to_ reproduce _ 
various illustrations appearing in this volume. 

-
DENNI~ HrRD. 

Bletchley, April, I90J. 



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 scire, 
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 
itr 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 

could not, therefore, be knm~ to him. 
Some philosophers divide all things into 
the phenomenal and the real. 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 "real" nature of 
matter and energy we ~now 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 important. 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 dr_ives 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 (making from 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 governed is -called chemistry. All the 
can exist _in· a free- state. A molecule familiar things we use-as sugar, fats, 
may _be chemically separated into two or eggs, fruit-are made up of molecules 
more atoms. . which contain atoms . of the different 

The integrity and properties of a sub- elements arranged in many ways. This 
stance reside in its molecules. is a most important science if we wish to 

- · Molecular means that which fielongs WHierstaud the nature and action of 
to or is made up of molecules. - matter; and, with physics, it chietly 
- _Molecular motion is the ·movement of helps us to explain "the basis of intelli­
the molecules. of a substan~ withi.n that gence and the origin of life. 
substance. _ The W<>rd " chemistry " appears to 
_ Atom (what cannot pe divided: .from come from the name of the Egyptian 

a, not; lemno, I cut) is the smallest unit god Khem. He was the god of genera­
o[ an element; t!tat part of a substance tion, productiveness, and vegetation. 
incapable of further division, or- the He was also the god of simple and 

' smallest part which can enter a chemical curative herbs. The words " chemistry " 
compound,_ or unite with another atom and "chemist" have thus come to us 
·to form a molecule. · :· . · from Egypt, first through the Arabic and 

.Atomic is of or belo.nging to atoms. then through the Spanish, the Arabs 
-·Atomicity is the ·chemi._cal power of ~n having adopted the word in Egypt and 

-atom. · · transmitted it through - the Moors _to 
· · Certain substances are called elements. Spain. -
- An element (from- e!emenlum, a- first In biology (the .science of living 

principle) in chemistry is a body which things, from bios, life) elements mean 
cannot . be decomposed into simpler the smallest structures of a tissue which 
substances. The ·.reeognised elements can be seen by the aid of a microscope. 
now num~er about seventy-three, such as The word " tissue" means- any web-like 
hydrogen, oxygen, iron, lead, etc. · structure. · Or the term "tissue" may be 
. In aricient times men thought there applied to a mass of similai: cells. This 

. were four elemen~h, air, fire,· and mass may be without any well-defined 
water ; -but none of these are elements. form ; but, if. cut in any direction, it is 

Now, elements have different chemical found to pe made up of a number of 
powers---that is, wheJ;~- they combmc with cells. · 
one another to form molecules they have- _ Atmosphere (from atmos, vapour; and 
different capacities. • _ --... sphaira, a sphere) is the mixture of gases, 

- _ - _Hydrogen ·. is an element· with . the vapour of water, and other suspended 
lowest combining power, ~ its power is matters· sUHounding the earth as an 
represented by one; oxygen,. compared elastic fluid envelope to the height of 
with hydrogen, has twice this power, and about two hundred miles. We · com· 
so is represented . by two ; <:arbon is monly speak of ~e atmosphere as the 
represented by four; and so forth. . air. - . · 

= If we _think of these powers acting like Function_ (from fungor,.l perform) is 
hands, we may understand · it better. the usual or special action of a ti?sue, 
Oxygen·. has· two hands;, so;· when it organ, or parts of the. body. F_unctw~al 
=combines _with hydrogen, one atom of is that which belongs to the · sp~CI~l 
oxygen joins with two atoms of hydrogen. a.Ction of an organ ; ·for instance, 1t Is 
This is how water is formed. If we have ·the function of the lungs to breat~e. 
fifty atoms o£ oxygen and one hundred Physics (from phusi's, nature) ~s the 
of hydrogen in a vesse~ and ·cause them science that· treats of the prop_eru~s ?f 
to unite, then water is formed. matter and of the ·Ia ws goverrung _1t . _m 

The science which .treats ·of the laws- conditions of rest and motion, and m 1ts 
by which the molecules and atoms are solid, fluid, and gaseous states. 
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Physiology is the science- which treats 
of the fondions of organic beings. 
- Nature: this word is used 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 o( as 
one power and personified ·as she ; and 
we say, She is the energyby 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 philosophy which 
includes the investigation of the nature 
of mind and all things beyond 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 
is 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 rna}' be 
divided into the organic and inorganic worlds; 
the organic world including all bodies which 
either are or have been alive, and the inorganic 
comprising all otl}ers (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 plant~, and 
y.oology, the study of animals. Inorganic bodies 
increase in size by the addition of simi/a,. 
pa•·tirlu to the tlulsitie. Organic bodies grow 
by receiving matter into the interior and assimi­
latiM it. -

--. 
Philosophy at first meant the love of 

'wisdom (from sophia, wisdom ; and 
phileo, to love)._ It is now used in many 
ways, but as a sys~em it -means " the 
science of principles," "perfectly unified 
knowledge," or ''the investigation of 
. those principles on which all knowledge 
apd all being ultimately. rest." · _ 

Now, a!S we do not know the ultimate 
no.ture 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 bf philosophy usually contradicts 
another. 

Evolution -is rather a science than 
a philosophy, though Ernst· Haeckel, 
Herbert Spencer, and others, have done· 
much to giv~ us a system of ·~perfectly 
unified knowledge." · 

The following is a bare outline of t,he 
most important factors of Evolution :- -

1. Pressure of en­
vironment. 

2. Useanddisuse 
of organs. 

3-- Natqral selec­
_tion. · 

4- Sexual selec-
tion. 

The factors o( 
Lamarck. 

The discovery of 
Darwin. · 

- 5· Physiological :selection. (Romarl"es 
arid ·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 varieties and the 
parent stock." · 

- 6. In human evolution a higher factor. 
is present-" conscious, voluntary . co­
operation in the work of evolution ..... :. 
This factor consists essentiallX in the 
formation and pursuit of ideals.' 
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CHAPTER I. 

LINKS IN NATURE 

WHAT is the doctrine of Evolution? 
, In the special sense of explaining •how 
livingthihgs 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 o~ ·coming down from ancestor~ as 
a man is . said to 'be descended from 
his grandparents. - Otherwise the word 
" ascent " would be more correct, as the 
higher forlns of living _ things have 
really; ascend~d from s~all: and lowly. 
orgamsms. . · . 

, Modification . is a word for change, 
and so the doctrine of Evoll.!tion may be 
sa~d to _signify the derivation of all living 
thmgs_ by minute, gradual changes from 

'some simple' forms or form. · Evolution 
shows !\ow things_ have become what 
they are, and . how they are being 
~hanged. . . 

Evolution is sometimes called Dar~ 
_winism, because Charles Darwin did so 
much' to explain. the process; but the 

· word "Evolution" is used in a wider 
sense in this book. 

We know how that stars and suns are 
made up o( the same substances as our· 
Earth, and ·Evolu}ion includes the ~istory 
of every form of matter and force m the 
universe, as far as. they are known. 

All changes in • the universe result 
from the nature· and environment of the 
objects composing lhe universe. ' • 

. Environment means everything outside 
myself. My nature means everything 

-which constitutes me. 
Evolution does not 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 beings into 
something better. 

Dealing with this very point, in The 
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, modem 
forms ought, on the theory of natural 
selection, to stand higher than ancient 
forms. Is. this .the case? A large 
majority of palreontologists would answer 
in the affirmative ; and it seems that 
this answer i:nust 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 ;:md 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 . 
w.ould be fatal to my view, if it included 
advance in organisation as a necessary 
contingent. They 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 I was insane. If· he· were not · too 
this case there would not have been terrified, he would explain:'" Well, you 
time sufficient for the development of see, they discovered that a low_ front 
these organisms up to the standard wheel would act as well as an encirmouslr 
which they had then reached. When high one. They put india-rubber cushion 
advanced up to any given point, there is tyres · <;m ; then they invented a tube, 
no necessity, on the theory of natural which they call a pneumatic. They 
selection, for their further continued have lowered the handle-bar, they have 
progress, though they will, during each corrected the gearing, they have invented· 
successive age, have to be slightly the free-wheel, so that you have no need 
modified, so as to hold their places in to pedal on a slight incline. And, if you_ 
relation to slight changes in their con- like, here is a machine which goes by 
ditions. The foregoing objections hinge electricity up hill and- down, -and' you 
on the question whether we really know need never pedal at all!" - · _ _ 
how old the world is, and at what period "Goodness gracious!" I ejaculate. 
the various forms .first' appeared; and ·"What next?" · · 
this may well be disputed" (page 307). And 1 look-at these. magcificent-

According to Evolution, there is no machines, and I ask : "What man made 
brtak in the chain of life. Everything all these improvements?" - . 
has come from something else. Evolu- -•• What man ? Why, hundreds of 
tion shows that- all living things form men. One year there w~s· one impiov~­
one family, that the earth itself is but a ment, next year there was another, or 
small child of the large family of planets three different firms invented three dif­
and stars, and that every known portion ferent improvements." 
of matter is but a part of one universal, "Well," I say, "I can hardly believe 
unbroken whole. · you: Show me all the machine!> from 

We- will take a simple ins_tance of a the first, so that !.can see every step of 
form of Evolution. the improvements· froin the original 

Suppose I wanted a bicycle, and that bone-shaker." · 
I had lived on a far-off island for thirty · The man would reply: " Quite impos­
years, so that on returning home I sible. Why, · they would fill all the 
inquired for the kind of machine in shops in this street." - . _ 

-use when I was a boy. Im~gine the " But where are they?" I ask: " I want 
astonishment I should produce in the to see them. Where can I find them ? " 
shop of a first-class firm if I were to go "Several of them you will- not ·find,· 
and ask for the primeval bone-shaker; or sir. There are none of them left," -
for a machine the front wheel of which '' But why did you destroy them?'!- _ 
was fifty inches high ! The firm would "Oh, it was not done that way, sir: 
be unable to supply such a machine. When the improved one came out, 
Nay, if I insisted that I would have only nobody would have the old ones, so they 
this kind, and they went o'ut in search of disappeared, and were not only super­
one, probably in the whole of Coventry seded, but forgotten. We call it the 
or London they would be unable to find survival of the fittest." 
one. · Now, here you have a sketch of 

Then I should be astonished. I Evolution. Mark, it has only taken 
might ask: ,; Has there been some thirty years to do it, and already it is 
terrible accident which destroyed all impossible for the ordinary man to find 
the original bicycles, or did a grand- every link in the short series of improve­
motherly Government pass a law for- ments. What wonder, then, if you 
bidding the use of such old-fashioned begin to consider the evolution of living 
machines?" . • forms on this planet for a. hundred 

The salesman would most likely think million years, -that you do not at first 
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see . half the connections between low 
forms and ·high _forms? For we must 
·remember, if thirty years can· have 
buried many . of the samples of hard, 
material mac]lines, 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 ev«:ry 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 unpitying world is the 
most . terrible force that can engage our 
contemplatio~. There is no atom so 
small, no organism· so large, as- to · be 
abte to ·escape it ·when once they ·are 
broughtinto eompetition. ·This infinite 
force of an. almighty environment says, 
"·Adapt' yourself or dieJ" Hence it 

_is that _ thousands _of. forms'; tens of 
thousands: of-sl)lall_ modifications, have 
disappeared into tile fuinace of ptogress. 
_ But the living form has one advantage 

over· the bicycle,. for the most. delicate 
livjng thing will bear some marks of its· 
ancestry. ·If -the ·remote ancestor ·had 
four feet, ·u will- have- four feet, even 
i( .they _:are- modifi.ed. _If the remote 
ancestor eould breathe air in water, the 
descendant will bear some trace of -a 
~ater-breathing· apparatus .. Everything 
has a pedigree._ -There is not ·an animal, 
a flower,. an ' act, . or a· thought that 
cannot-be-traced back to a real ancestor. 
As a Jact, nothing !n this universe stands 
alone; No .single thing is even con­
ceivable as standing alone.- And as far 
as the universe is known, thx same laws 
are at work everywhere. No region has 
been found which has a new .element, or 
·an animal on ·an abs~lutely. new and 
distinct principle. · 

If.you went ta visit a new country and 
stayed with a family-which was fortunate 
enough to- possess a family album con­
taining the _ representatives -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 {ong 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 gradually passing 
awa~ Again, supposing you had two 
hundred such albums, showing all the· 
descendants of the ori~l 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 longer be certain that they 
were all o~ 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 is to become familiar with the 
present · living forms, note their like­
nesses and their affinities; then excavate· 
the solid rocks, and, as you tum 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 it. 

We may take the horse as a good 
example of Evolution. We are familiar 
with the horse as an aruma! with only 
one toe. But there is much e-.idence 
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. Sometimes· small bony or ·gristly little that it was not always so. From the 
time of Julius Cresar 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 
(see 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 oL 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. Looking still more closely, 
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 two bones 
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 )Iliddle 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 
-o_f our middle fingers, while the hoof is 
s1mply 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 fourtil.. digits only two 
sle~der splint-like bones, which taper to 
the1r lower ends and bear no finger joints. 
(The bones between these joints are 
called phalanges.) 

knots are to be found at the bases of 
these two splints, and it is likely fhat 
these represent· what is left uf 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 lt:ast two 
imperfect . side digits, and these a~swer 

nOonalVerten. 

a ........ 

FIG. I.-THE SKELETON (after Holden), . -
respecti~ely 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, three behind, but the Eohippus has a 
America has wonderful deposits admir- remnant of the first digit. 
ably suited fpr preserving the remains of These · remains are from the Cory-

' animals, so that remains have been phodon bed or lower Eocene of New 
found well preserved, and in great Mexico. This bed is below that in 
numbers. Professor Marsh has care- which the Orohippus occurs. _ 
fully examined . and collected ' these · The oldest ;mcestor of the horse, as 
fossils, and in Yale Museum are· to be yet undiscovered, undoubtedly had five 
seen ·the specimens which tell the toes on each foot, and probably was not 
following wonderful facts. larger than a rabbit, perhaps much 

The forms which he found earry us smaller (American Journal of Science, 
from the top to the bottom of the bed of ·November, 1876, and April, 1892). 
rockS called Tertiary. Nearest the top These discoveries of the many stages 
th~re is the true horse. Next we have of the horse are of the highest value to · 

. the horse of. the Pliocene rocks; the science. · They answer every expectation 
Pliohippus (hippus means horse); its of the doctrine of Evolution; and' if we 

·limbs differ sligh~ly from those of the can say of anything that it is proved, we 
, ordinary horse of the present day. Then, certainly can say it of descent by modifi­
lower down in the same rocks, comes cations in the case of the horse. 
tne Protohippus, which represents the The history of any species of animal, 
one found in Europe, called Hipparion, ·such as this just given, is called its 
having one large digit and two small phylogeny. . 
ones on each foot. . Going 'still lower The history of the growth of any one 
down, and turning up the Miocene rocks, individual is called ontogeny. 
they found the Miohippus~ - This corre- Now, it is an established fact that each 
sponds pretty :nearly with one found in individual organism -in its ontogeny 
Europe called the Anchitherium. It frequently repeats the history of the 
presents.three c_omplete toes, at;td higher development of its ancestors. A foal 
. up there 'is a small rudim~nt of that digit before its birth has been found to have 
·we call our little finger. three toes, resembling the Protohippus 

Lower still in the Miocene rocks is and Hipparion, but the two extra toes 
.found an older form of horse, the Meso-' disappear before the foal is born. 
hippus .. _It has three toes in front with a This is remarkable confirmation of the 

- large:: splint of bone, and 'three toes on evidence of the rocks that the horse has 
the bind limbs. Here the 'radius· and come from a five-toed animal, and some 
-ulna are quite distinct bones. day a freta! foal may be found so young 

But in the next bed of rocks, the as to show the five toes. 
Eocene, a still more important discovery After this striking example of the 

· was made. .Here was found the Oro- unfolding and changing of one form of 
hippus, ·which has four complete toes on life, we may take quite a different attitude, 
the fore limb and three toes on the hind and see if there is any connection, in a 
limb. This animal was· hardly as big as- wide sense, between the different animal 
an ordinary fox. · groups. We mw;t remember always 

In the lowest layers of the Eocene that, before we can form any opinion on 
rocks Professor Marsh found remains of such a subject, we must examine the 
the Eohippus. This is the. oldest and whole known life of the animals, and we 
the smallest form, the animal being about , must also look beneath their skins. The 
the size of a very small "fox. Three history of the life before birth (which is 
species are known. The Eohippus has called the life of the embryo) ofteri 

· :the feet, in the main features, very · reveals connections whose existence 
, similar .to the Orohippus ; in each genus . otherwise would not be suspected. , 

four well-developed toes in front and 1 If a complete stranger to our earth, 



LI.VKS IN NATURE 

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 
grpup. Further, he would discover 
features, less. general, yet of sufficient 
comprehensiveness, to include· several 
groups each, as quadrupeds would include 
all four-footed animals, marsupials ,all 
pouch-bearing mammals, etc. But when 
this process had been carried into great 
detail, 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 their environment; of 
taking food, and of reproducing their kind. 

Universal 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 Sa.me 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 res~ of vertebrates, 

have' their origin. from a fertilised egg, 
about rh- of an inch in diameter.- _ . 

This is, 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 notict'_!d in the develop-­
ment of the frog; the reptile, or th~ fish, 
the expert would note these points·· in 
favour of a common ancestry. 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 gradat~ons from one to 
the other. 

. ' 
THE DIVISION CALLED VERT]i:BRATES. 

. The name vertebrate- simpJy· means 
jointed (Latin, vertebra, a joint-from 
verto, to tu~ ; 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 lhis axis is not developed, 
and in place -thereof there is a smooth· 
elastic rod, which has received the name 
of notochord (literally back-string, Greek 
notos, back ; chorde, string). _In all 
members of the division this notochord 
is .present at some stage df 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 describe 
this division as · chordata, instead of 
using the ~ore cominon word vertebrata. 

Besides the possession 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 front 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 gill-slits. - · · . \. 
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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 abouf32,ooo known species 

of verlebrata-:-fish, frogs, reptiles, birds, 
mammals. The number .of species is 
not much more than half that of mol­
Jusca, and ~s not a tenth of the species 
called arthropod~ 

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 ~ea, 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 (sec Fig. 2, Balano­
glossus) : z, a conical part in the front 

y-../" 
FIG. 2.-BAI.ANOGLOSSU~ 

. 1, Proboscis or tongue. a. Mout~. 3- ·Collar. _ 4- Trunk. -5- Gill-slit.<. 

proper, there are. three small classes of 
~ remarkable animals which we· ought to 
·consider. These are named in reference 
to the·chord or string alr(!~dy referred_ to. 

CLASS I.-HEMitHORDATA (THE ACORN· 
WORM), • 

. _ The name of this class means half­
stringed, because the notochord is very 

- short. . Sometimes they _ are called 
Enteropneusta (enteron, within; pneuma, 

. breath), because, like all v.ertebrates,they. 

of the mouth, the proboscis ; 3, a swollen 
cylindrical portion immediately behind 
the mouth, the collar; '4, a long trunk, 
at the end of which is an opening, -the 
vent. • 
. The alimentary canal runs straight 
·from the mouth, on tht;< anterior surface 
of the collar region, to the posterior end 
of the trunk. ' 

The notochord is a hollow tube of 
cells surrounded by a tough membrane 
much thickened beneath. This tube 
opens i?tO the alimentary canal in the 
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collar region, and projects fon,·ard into I skin, or leather bottle, used by the 
the proboscis as a support for this organ, [' Greeks). The body has two openings, a 
which is attached by a very narrow neck mouth and a vent. The mouth opens 
to the collar. The whole skin is sensi- into a sac-like pharynx (see Fig. 3), and 
ti,·e, 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 llerirous 
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 th~ 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 larvre, resembling the 
larvre 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. I 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 11.-UROCHORDA.TA (ASCIDIANS). 

FIG. J.-AN ASCIVIA.N. 

Ciona intestinalis. The live animal seen in its test. 
Some of the organs can be seen, as the test is semi­
transparent. 1, Mouth. 2, Atrial orifice. 3· Anus. 
4· Genital pore. S· Muscles. 6. Stomach. 7· Intes­
tines. 8. Reproductive organs. · 9· Stalk attached to 
rock. !o· Tentacular ring. u. Peripharyngeal ring. 

This name means the tail-stringed 12
" Bram. 

(from oura, a tail). Sometimes they in its walls are numerous slits. The 
are called tunicates, because they are heart is in the form of a simple tube 
covered with leathery skin like a mantle open at both ends. The sexes are 
(tunica, a mantle). They are also called united in the same individua~ and the 
ascidians (from askidion, a small wine- I animal passes through great changes in 
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its growth, for it begins life as a larva, 
and the -larva has a structure correspond­
ing to the notochord of vertebrates. 

There are different classes of ·this­
anima~· some being simple, some com­
pound. The nervous system consists of 
a single ganglion, placed on the dorsal 

- (back) side of the mouth. 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 
budding. _ _ · 

CLASS III.-cEPHAJ.OCHORDATA.. 

Cephalochordatameanslit~rally"head­
stringed " (from cep!Jalos, 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 s.mphioxQs 

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 tlle whole length of the 
body. · _ 

The spinal cord extends along the 
whole body and swells out in the front 
part, which swelling probably represents 
the beginning of a brain, for_ it sends 
bran~es to a pigment spot and a cili'!ted­
pit. These last are supposed to repre­
s-ent respectively organs of vision and 
smell. There is a crecal sack, repre-

_senting a liver, and a pair of ·tubes 
which seem to be the beginnings of the 

FIG. 4.-AMPHIOXUS OR LANCELET (after Lankester). 

- (meaning "pointed- at both ends"). 
Sometimes it 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· dorsa~ cauda~ - an_d anal fold, -
while pajred limbs are wanting. · The 
notochord is persistent, and there are 
neither vertebral centres nor archeS, nor 

_· is there any skull. The notochord runs 
along the entire length of_ the nerve-axis, 
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 importance 
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 yerteb_rate division. 

-ln any ordmary handbook on zoology 
we find the true vertebrates divided into 
five classes : fishes, amphibians, reptiles, 
birds, mammf!ls. If we take a well­
developed sj>ecimen 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 v.;ll be 
seen to shade off quite gradually into the 
others. 

A fish is provided with gills (called 
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-
branchi~) throughout the whole life, the I lizards, crocodiles. . They are land 
blood is cold, a tail is present, the_ limbs ~nimals, a~d branchial or water-breath­
-if they may be so called-are Imper- , mg respiratory organs are never 
fectly developed and . have the form of i develope~, so t~at in this respect they 
expansions of the skm, and are called ! resemble m their arrangement the adult 
fins. A fish usuallv can live only in ' amphibians; they also have the three­
water, and its gills ~nable it to breathe I chambered _heart of the adult amphibi~ns. 
the air contained in the water. The fore hmbs are formed for vanous 

An amphibian means an animal with purposes, and in some extinct varieties 
a double life-that is, 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-i.e., double breathers­
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 in Queensland. 

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

But we are able to watch its 
progress to full growth (see Fig. 
5 ). Its gill-slits 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 

•• 

1 

in the peculiar manner known as FIG. s.-GRoWTH oF THE FRoG. 
swallowing air. If its mouth were I. Tadpoles just hatched. 2 and za show external gills. 3 to 8 

show the order in which the frog de,·elopes. The hind limb~ 
propped open, it would die of appear first because the fore limbs are concealed by skin. The 
suffocation. Really, it breathes tail is absorbed and does not drop off. 

by a throat air-pump. l\lanyother features 1 they were used for flight, but they were 
could be named, but from these it can not constructed on the type of the wings 
be seen how closely the amphibian is of birds. The blood of reptiles is cold. 
related to the fish. In fact, it may almost In many points they seem to begin 
seem a waste of time to give these points where the amphibians left off, while on 
of likeness, as by some scientists fishes the other hand they resemble birds in 
and amphibians are classed together many respects. 
under the name Ichthyopsida (the fish- Besides their close general resem-
like). blances, there are very interesting con-

Reptiles include. tortoises, snake~, necting-links between reptiles and birds. 



20 LINA.-.<; IN NATURE 

There wa~ 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 shaped like a bird, but with 
teeth. 
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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 Archa:opteryx, 
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 i:; 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. 

lYe come lastly to the important group, 
mammals. This very large group is 
distinct enough, for they are the only 
animals which suckle their young. The 
word mammal is from the Latin mamm<e, 

1 meaning breasts. Now, at first sight it 
I 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. 

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

Animals which develop the egg and 
nourish tl).e young in the body, bringing 
them forth alive, arc called viviparous 
(from vivus, living, and pario). Between 
these two there is 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 

I 
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 (mtJnos, single; tremtJ, 
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 spacer 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 specil:mins. 
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 pf the skin on the 
abdomen. - . -_ _ - · 

This is a distinct connecting -link­
between the animals which lay eggs and 
the higher mammals whic~ bring forth. 
their young fully developed •. ' There are 
other marks of a· more perfect organism 
than that of the inonotremes. The 
breasts have nipples, and there is- no. -
cloaca, the organs having separate open7 
ings. From the duck-mole upwards the . 
mammals are _easily-traced till we reach · 
man ; -but this requires a chapter -to 
itself. · 

I have tried to show in the baldest 
outline that there is . a dose connection 
between the vertebrates.· This connec­
tion could be shown. far more dearly if . 
there were room for detail; and if the 
technical words of science were com-
monly understood.. · 

-CHAPTER 11 

MAN AND THE REST OF .THE ANIMAL .FAMILY 
- -- - .... 

You may have stood under-the.steep 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 seeu1s to stand· forth in solitary 
mountain glory far above all animals. 
But there is another way of approaching 
the problem. _ _ 

We must always ~emember 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 oL 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 . Eyolutioii 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 
've dogmatise, when we remember the 
l.nfallible ignorance which 'poisoned the 
whole world less' than 3 century ago. 
Take the superstitions of wit<;hcraft and 
magic; which held SWav' thn;mgh the 
most enlightened countries of Europe. 
Learned men, wise men, Christian men, 
humane 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 think~ 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 
tr~th, ·May not some such darkness 
have veiled man's vision when he began 
to note the glories of his ·race ? We will 
try and ascend . the mountain by its 
slope~ . 

We b-lrn to Darwin's Descent of .flfan, 
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. 
I. 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 animals they have been found 
to be connected with the same bones, 
the same parts of. the b~nes, 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. 

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

S· "The brain follows the same la'~· as 
shown by Huxley and other anatomists. 
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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. 
!I.-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 "-z'.e., it is easily trims­
fcrred 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 similarity 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 chemical 
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. 

II I.-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 wilt 
also smoke tobacco with pleasure. 
" Brehm asserts that the ·natives of 
North-Eastern ,Africa. catch the wild 
baboons by exposing vessels filled with 
strong beer,· by which they are niade 
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 eyeryone they ·meet. 
Others become maudlin and w~ep 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 tbey 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 lives on · 
another (from para, by the. side, and 
sz'tos, 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 it:ch they belong to . 
the same species. · 

V.-The law of 9eriods. 
Some of the important processes of 

life happen· at fixed times ; for i~stance, 
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. It· also applies to 
several diseases. 
· Altogether it is very mysterious ; but, 
most wonderful of al~ 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 

. tnree sevens, and so on up to forty-eight 
sevens.· · Human beings are universally 
subject ~o 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 a_nything we 
know, much farther still. · 
. . Darwin suggests. that this law is due to 

' the tides: As is well known, th~ tides 
are influenced by the. moon, He ~ays 

'(DfSCtnf 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 
co_n~isted :of a group o( marine- animals, 
resembling- the larvre _-of: e~sting asci-
dians." · .. ___ . . . _ ~ · 
. Tben- he adds this note: (note 32, 
p~ 164); "The- inhabitants of the sea· 
shore .must ·be greatly affected by the 
tides j animals ·living either about the 
mean high-water~ mark, or about the 

' mean low-water· mark, pass ·through . a 
complete cycle _of tidal 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 generation~ can hardly 
·fail to run their course in regular weekly 
periods._ Now, it is a mysterious -_fact 
thaf in the · higher and now terrestrial 
vertebrata,-· as well as' in other classes, 
many- normal and abnormal processes 
.have one Qt _ more whole weeks as 
their periods ;- this would be rendered 
intelligible if the vertebrata are descended 
·from an animal allied to the existing 
. tidal ascidians. Many instances of such 
periodic· processes might be. given; a& 

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 1Vater, 
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 go_ose in five, and 
those of the ostrich in seven. As far as 
we cart 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 bircl's 
eggs and many other vital processes thus 
betray to us the primordial birthplace of 
these animals." 

If further evidence should establish 
i:his 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 une>.:pected 
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. Arr 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 _pait 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 excessivelv active 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 or limb 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 experiment with 
a leg had similar results. 

In the frog this power is not so great,. 
but in the tadpole it 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
necti<m-we are chiefly concerned with 
man at the very early stage of his life. 
The young of a 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. · · 

VI I.-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 is 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 itsdf supply overwhelming 
evidence of Evolution. The- whole 
process of reproduction of the species, 

says Darwin, "is strikingly the sam~ 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_mllch later 
age ; but if we look at the races Qf man 
in tropical . regions, the difference is not 
great, for the orang -is believed 'IlOt to 
be adult till the age of ten to fifteen· 
(Huxley). . · -

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

VII I.-e-Rudiments ... 
- Rudiments- are those parts of a body 
which· 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 use_ful 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 man 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 mean&. 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 th~ 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 degre~. A distant cousin, 
iri the seventh degree, in another part of 
France, can do the same thing. 
_ "The case offers a good illustration 
how persistent _may be the transmission 
of an absolutely useless faculty, probably 
derived from our remote semi-human 
progenitors-; since many monkeys have, 
and _frequently use, the power of largely 
movin~ their scalps up and down." 

Extnnsic 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 exfemal shell of the ear is a rudi­
meQt, and is of scarcely any distinct 
use. 

It has been observed that the ear of 
man alone possesses a lobule. but a rudi~ 
meQt of it is found in the gorilla. while 
it is not rarely absent in the negro. · 

Ears- pointed on the inward fold of 
the margin are not confined to man. In 
baboons the upper part of th~ 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). It is fairly well deyeloped 
in the two lower divisions of mammals 
(monotremes and marsupials) and in -a 
few higher mam111als, as in . the walrus ; 
but in man, all the monkey family, and 
most otQ.er mammals· it_ is a mere rudi: 
ment, the semilunar fold. _ 
· Smell is of the highest importanc_e to 

many mammals J- 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 not show that this sense was 
acquired. by man for his benefit ; he 
ipherits 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 haye 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 om- eyebrows. 

·Similar long hairs project from the cover­
ing of the superciliary ridge in some 
baboons. · Fine woolly hair covers the 
human fretus 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 
born hairy. Persons have been born 
with their bodies and faces covered 'l'l'ith 
fine long hairs, and this condition is 
stronglyinherited, 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 
u!,an 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 i~ is fairly well developed. 
Whea 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 qccasional 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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}'u;, 7.- This i< a reprocluction (h)' permission) of plate vii. from llaeckel's Evolution of Alan, 
vol. i. 

The figures show the earl)' stages of th~ gr,.,wth of a hog, calf, Mbbit, and man, ;,.nd their likeness to each 
t.lt hcr is stri_king. ln the earlier stag"es the likf'ness is still grt<ater. lt is striking that the nearer we go to the 
origin Clf lite the mor-e nearly are all the animals alike. The first row across (I) shows a "'ery ear!Y stage, 
with gill openings, and without limbs. The second row (I]) sho~· s a somewhat later ~tage, with the first ruJi­
mt.•nts ,,(limb!.., ""·hile the gill o~ningti are yet rt:tainc::d. The third (lo\\·est row, 111) shows a still latt=r stage. 
with the hmb110 m,.,re dc=-\'doJ>('d and the gill o~nings losL All the figures are slightly magnified. The lt:ttcrs 
indicate the t~>am~ part..,: ,,, f~..lre-brain; a. tv.·ixt-brain; "'· mid-brain: h, hind-brain; ,., after-brain: .,., Npinal 
Qlurrov.· i e, nose i "• eye ; o, t'ar i N. gill-arches ; g, heart i w, vcrtc:bral column if, f"re-llmbs ; h, hind-limbs; 
6, t4ilL 
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that this hole seems to have been present I dom (sa Fig. 7 ). \' ery wonderful is the 
much more frequently in man during evidence in favour of Ewlution furnished 
ancient times than recently. "It is an by the development of man from the · 
interesting fact that ancient races, in this very beginning of his life before birth, 
and several other cases, more frequently Speaking broadly, man in his develop­
present structures which resemble those ment goes through a series of changes 
of the lower animals than do the that are the same, at different stages, as 
modern.'' the fixed forms of the lower animals 

Os CO((yx.-This is the name for the when they are full-grown. In his 
lower end of the backbone in man. development from cell or egg he presents 
Though it is of no use as a tail, it plainly structures that are precisely like those 
represents this part in other vertebrates. seen in the bodies of the lower and 
Before birth and at an early period it is lowest animals in their adult state. In 
free, and longer tkan the legs. Even fact, they correspond with the stages of 
after birth it has been known to form a man's evolution in the almost infinite 
small external rudiment of a tail. past. The detailed life-history of any 

The os cOCtJ'.V is short, usually com- one man shows the history of his race. 
posed of four bones joined together, and It is a scientific truism to say that no 
these are, except the basal one, in a one can distinguish the cell which is to 
rudimentary condition. They are fur- become a human being from the cells of 

a b c d 

FIG. 8A. 

a to d shows how an ordinary mammal grows from a single cell called the egg or ovum. a, the si11gl.:! cell has 
di\'ided in two~ each with its nucleus or kernel; h, eacb of these has again di,·ided; c shows this proCC$S again 
repeated; dis the mass of ceUs produced in the same way, and called a morula, because it is like a mulberry. 

nished with small muscles, one of which those tiny forms which hover on the 
is a rudiment of the muscle by which border-line, not only between the plant 
animals erect their tails. At the extremity and animal kingdom, but between the 
has been found a small convoluted body, kingdoms of the living and the not­
and, on examining the tail of a monkey living. 
and a cat, in both was found a similarly It is impossible to give all the details, 
convoluted body, though not at the but we will notice a few. 
extremity, which seems to indicate that 1. To begin with the very small cell, 
some bones have been lost from the called the m-um or germ. After impreg-
original tail. nation the cell divides into two, four, 

IX.-Embryonic development. eight, sixteen, thirty-two, and so forth, 
Man is developed from a small cell until a mass of similar cells is formed. 

(called the m-um or ovule), about the This stage of the human animal is called 
12oth of an inch in diameter, which the morula stage. Morus means a mul­
differs in no apparent respect from the berry, and the collection of those cells 
ovules from which other animals grow. 1 resembles the mulberry fruit. Just sw;h 
The embryo itself at a very early period I an appearance is presented by certam 
cannot be distinguished from that of I low forms (see Fig. 8) both of plants and 
other members of the vertebrate king- I animals. 
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z. A little later the inner cells ~ave 1 
liquefied and the outer condensed mto 
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 vertebrre 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 asp~ct 
of the vertebral column as the descendmg 
aorta. In the mammalia generally this 
arrangement holds. In birds the cu~ve 
is to the right, not to the left. In reptlles 
there are two aortic arches, 'one over­
running to the right, the other to t.he 
left, that join together on the anten~r 
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 

FIG. 8B (after Headly). 
A is a small animal found in ponds, called the Pandorina. It is almost like the morula of Figure SA d. B shows 

that the colony A hcu. broKen up bh asexual reproduction, each cell having divided into a daughter colony. 
Thfo~~l.c of Figure 8 shows how t e higher animals, in their earliest stages ..of growth, resemble the lower 

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 branchire 
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 

· pu~ition. 
Qr 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 

the larva of the amphibia, is the persistent 
condition in some adult members of the 
lowest vertebrate class, tlie 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, 
so 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 tQ begin with six pai!S of arches 
when only one is ultimately to remain?" 

4· At a somewhat later period, when 
the limbs are developed, " the .feet _of 
lizar~s ang mall!mals, the wings and feet 
of b1rds, no 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 exactl~ 
. as they are in other vertebrates ; the 
arms and I!:!gs 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-i.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 
1iving thing, caftying 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 
backbone', called the os coccyx (see Fig.' 1 ), 

projects as a true tail; extending con­
siderably b.eyond_ the rudimentary legs 
(see Fig. 7), showing clearly that man's 
ancestors had tails. . 
· Huxley. says: "It is quite in the later 

stages of devel<;>pment that the young 
human being pres_ents 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. 

(a) "Bischoff says the convolutions of 
the brain in a human fretus at the end of 
the seventh month reach· about the same 
stage of development as in a baboon 
when-adult." 

(b) "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 ttJe 
others, ~nd, instead of being parallel to 
them, projected at an angle from the 
side -of the foot, thus corresponding 
with -the permanent 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: "\Yithout question, 
the mode of origin and the early stag~s 
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 o( 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 

. forii)ed on the same ideal plan. 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 c_ommon 
progenitor. No other explanatwn 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 understand the existence of rudi- simple disuse or through the natural 
mentary organs, we have only to suppose selection of those individuals which ar~ 
that a former progenitor possessed the least encumbered with a superfluous 
parts in question in a perfect state, and part, aided by the other means pre~ 
that under changed habits of life they viously indicated" (Descent of .Aian, 
became greatly reduced,· either from p. 24). ' 

CHAPTER III. 

WHA! IS MAN? 

A LOST queen, with her baby, arrived at They failed to ~e man's true place 
a shepherd's hut and took shelter. The among the living things of the earth 
family watched the baby being un- chiefly for three reasons :-
,dressed, and at last their astonishment I. They had the erroneous views of 
knew no bounds as they exclaimed, former ages to prevent them from seeing 
"Why, it is like one of ours ! " facts. For thousands of years men had 

This story represents one of the series been drugged by th~ false-hypothesis· 
of wonders which comparative anatomy poison. A false hypothesis will eat up 
has brought to light. At each step, as the facts of countless generations, and 
the dissecting knife has laid bare the still cry for more. 
secrets of the limbs and bodies of 2. The subject was not open for 
animals, and as the microscope has inquiry. Men of early times having 
revealed the forms and nature of small taken one view, soon this was held to be 
organs tissl!es, and cells, the astonished the only possible view. The question 
student has been able to say, "Why, it was closed. Now, a closed question is. a · _ 
is like ours!'' closed cradle, andjts only U:se is to rock 

In order to determine more clearly the ages to sleep. 
man's relation to other animals, I will 3· They had not the means for inquiry. 
pursue the inquiry on the lines of Pro- I They had neither the instruments nor 
fessor Ernst Haeckel. He has given the subjects · for dissection, por th~ 
such an amount of genius and toil to collections of natural history. Even in 
scientific inquiry as to render him dis- the fifteenth century to dissect a human 
tinguishP.d throughout the civilised world. corpse was a ·crime visited with capital 
.m nis Riddle of the U11iverse he devotes· punishment. -
Chapter II., which I shall here chiefly After this, darkness began . to reel 
follow, to "Our Bodily Frame." "from forth day's path"; human anatomy 

At this period it seems almost amusing alone occupied attention. This branch 
th_at edu~ated men a hundred years ago of science had its martyrs : Vesalius, the 
could thmk. of man a~ a creature outside great anatomist of Brussels, wrote his 
of the ammal family. Thousands of remarkable book on the structure of the 
those men had well-trained minds, great human body in 1543, when he was 
natural po~·ers, and many opportunities twenty-three years of age. Later he was 
of cbservatwn. physician to tl'le King at Madrid. where · 
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he was condemned to death by the 
· Inquisition as a magician ! He escaped 
by going 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 frorn 

- human· events. Because Vesalius saw 
what every schoolboy might see, self­
blinded priests branged 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 . their unconscious 
humour. . ·• 

Is man an animal ? 
In 1803 ·the great_ French zoologist 

Cuvier created the new science of Com­
_IJarative Anatomy. He· endeavoured to 
seek and arrange, for the first time, the 
definite laws of the organism both of man 
and beasfs. He found tlo!.at man did not 
stand alone, but fitte~ into a group, as. 
other animals formed groups, In this 
he -did more completely- what Goethe_ 
and Linnreus 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_ bar~ great laws <?f life in 
·his _Origin of Species, and H~xley and 
Gegenbaur (J:.864) applied the evolution 
theory to comparative anatomy, and by 
this means pr.oved that man is a verte­
_brate animal in every respect. 

But anatomy was not all. . 
An entirely new line of. inquiry was 

being · pursued. · Bichat, · a French 
anatomist_ (1802), 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 
· 1~38, in the shape of the cell, in the 

ptant wodd, by M. Schleiden, and 
immediately afterwards proved to be the 

same in the animal world by Theodor 
Schwann." 

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

Two eminent Germans, Kolliker and 
Virchow, "took up this theory of the 
cells about 186o, 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 tha aid of the microscope we had 
!eamt 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 ongm of all these 
cells? They all spring from one simple 
cell; the stem -cell (cytula), otherw-ise 
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 
charactenstic type of the vertebrates. 
This group of the animal world was 
first recognised in its natllra1 unity by 
Lamarck, in 18or. He made four 
groups of the higher animals of Linmeus 
-mammals, birds, amphibia, fishes. 
The lower classes of iruiects and woilllii 
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he called in~rtebrates. 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, consisting'principally 
of a vertebral column and a skull; the 
advanced construction of the 
latter presents many va.riati.ons, 
but, on the whole, all may be 
reduced to the ~arne 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" (The 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 underfleath, 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 

intestinal tub~ into a 'head-gut' (or gill­
gut), which serves for respiration, and 
a 'body-gut' (or liver-gut), which co­
operates with the liver ~ . digestion" 
(ibid, p. 28). . 
· Yes; man is a vertebrate. 

Is man a quadruped? 
_ Quadruped means four-footed. It is 
Latin for the Greek tetrapod, which wa.s 
the name_ Arist5>tle gave to the higher 

,...J 
, ·,":>o"'. 

Ill 
FIG. 9A.-THE HUMAN HAND. 

warm-blooded vertebrat~s. • 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. Tht: arm of man 

c 
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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." 

This point was one ~f great difficulty 
until comparative· anatomy had cleared· 
up the structure. of the limbs. 
·· So long as writers thought that man 

· was apa,rt from animals they looked upon. 

1 

ll. 

FIG~ _2B.-THE APE's liANlJ,. 

an animals as being four-footed, four­
handed, or two-handed. · They thought 
the monkeys had four hands, and called 
-the.m quadru!Jlana; that men had tlyo 
hands,_ and . so . called them bimana. 
Some· old-fashioned people still thjnk 
!Donkeys have four hands (see Figs. 9 
and·10). 

To realise the importance of this dis­
covel)'. 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 tile three groups of bones of 
the fore-foot (or- 'hand') correspond 
in all classes of the tetrapoda : (I) 
the carpus, (2) the metacarpus, (3) 
the five fingers. In the rear limb, 
similarly, }Ve have always the same 
three osseous groups of the hind­
foot : (I) 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 (I 864), 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 Re­
searches into the Skull of the Verte­
brata (I872), deduced the younger 
skull of the tetrapods from the oldest 

cranial form among the 'fishes-viz., that 
ofthe shark. - - · 

"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, m 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 " (ibid, 
pp. 29 and 30). . 

Yes, man is a quadruped. 
And here we must pause to consider 

a difficult point, for it 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 
many vertebrates, that the same striking 
resemblance is seen in the membranes 
which protect the embryos while they_ 
are growing before birth . 

.- "All vertebrates o( the three higher 
classes-reptiles, birds, and mammals'­
are distinguished from the lower classes 
by the possession of certain fcetal 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 on land. Their direct ancestors, 
the amphibia, and the fishes are devoid 
of these fcetal membranes ; they would 
have been superfluous to these inhabi­
tants of the water. With the inheritance 

of these protecti\'e coverings are closely 
connected two other changes in . the 
amniotes-firstly; the entire disappeal"­
ance of gills (while the gill arches and 
clefts continue to be inherited as 'rudi­
mentary organs ') ; · secondly, the" con­
struction of the allantois; 

' FIG: IOA.-THE HUMAN FoOT. 

" 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 
the amniotes, while the larger outer part 
shrivels up. Usually this has an impor­
tant part to play for a long time as the 
respiratory organ {)f the embryo, a 
number ~f large blood-vessels. spreading 

en_to-c'll.r.eijo"li'J. . 
·:-- .... 

amniotes; man is a true amniote" (ibid, 
pp. 66 and 67). 

Here we see that man shares with 
three large groups of animals four 
distinct points in addition to the many 
brief similar stages through which he 

~ .~Jca..n.e.u.m 
or os Ca.l.:c.s 

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 

--ecto-cu.11 ~tVo_r,, 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, a~ 
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, 

FIG. IOB.-THE APE's FoOT. A local development 
Note the os calcis and the astragalus. ·These are not in the hand. It proves 'of these sebaceous 

.: . the ape is not a four-handed animaL , glands on the skin of the 
out over its inner surface. The: forma-~ belly gave rise to the ?rgan by which th_e 

. tion of the membranes, the ammon and mothers of these ammals 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 diaphrag!Jl, 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 ot 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 into 

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 correspond · to the 
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 
in relation to producing or nourishing 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 marsupials,· 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 directlY. connected ·with the 
marsupial ancestors. 

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

The primates include lemurs, monkeys, 
man ; or, in other terms, half-apes, ;tpes, 
man. 
· All three orders agree iri many ·impor- · 

tant features, and are at the same 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 .tailless, the 
man-like 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 hundr~d muscles ; the 
same groups of cells which build up his 
brain, the saine 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. 

· _ HaeckeLhas taken us through aU the 
groups of vertebrates with great care, 
and we .ha_ye seen that man as clearly 
belongs to. these groups as does any 
other aruma!. 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 mariy organs among English­
men. When ·carefully examined, their 
noses, ears, hands, and feet are by no 
means so exactly alike that we can 
suppose they have been cast in one and 
the same mould. · 

CHAPTER IV. 

MAN AND MONKEYS 

To the: well-infomied ·it must seem seeking small points of difference 
unnecessarily ancient to- give a chapter between man and the apes. I have 
to show man's relationship to apes and been ·seriously told that Evolution is not 

·. monkeys. _They have already made up true because man has two nerves on the 
.·their minds on this- point. Men have side' of his head which. are not found in 

long since -embalmed the brilliant wit motikeys ! Such objectors say that they 
which shone around the "missing link" would believe in the doctrine of modifi­
_!l.nd ende~ in. the_ popular dogma· that cation. by descent if man were exactly 
man had coni.e from a tailed monkey. the same as _the apes. In other words, 
Prejudice· -.may bring· out this dusty they would believe in Evolution. where 
mummy on feast· days to· give hope and there ha.d been no Evolution. 

-amusement to the unthinking; but' the In looking at the whole kingdom of 
serious student soon _piscovers thatthere animals, we -divide them into large 
is no missing link, and_ that if man had ·groups, in which every division of the 
.come from-any living monkey it would group possesses some common character 
-not be Evolution, but a miracle; or characters--as the invertebrate and 

It is probably quite as true to say that the ·vertebrate .. The· mammals may be 
. tnan·has come from a monkey as that he divided into eleven orders, the highest 
·came from·a mole. For men, monkeys, of which is the primates. We have to 
'and moles had at ·one stage· commo inquire, therefore, ~vhether man natur­
ancestors. . . . - ally fits into this order, or whether he 

· -- ~Much _amusement can be got from demands an order. to himself, as the old 
studying the difficulties of those . to naturalists used to think. This method 

_-.whom . the word Evolution has · no of grouping is called classification, and, 
-.1;11eaning, for they spend all their time if we tum 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 
o'nly the odd little animal, a sort of 
lemur, called Tarsius, found in Borneo, 

. -etc.). 
"3· The hallux (the great toe) has a,. 

fiat nail, and is commonly opposable to 
the other toes. 

"4· The pollex (the thumb) "is also 
usually opposable to the other fingers. 
. ".). The typ~cal arrangement of teeth 
lS:-

2-2 [-[ 2-2 . 

} 
- . 

i--; c--; p.m.--or 
2-2 I-I 2-2 · 

_ ::: 32 or 36. 1 

3-3 3-3 
--;m.--
3- 3 3- 3 

" 6. hi no instan~e are there more 
than thirty-six teeth altogether, and the 
molars always have broad and tuoercu-
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. No difficulty 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 l>elow ; 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 al>ove and below ;' finally, 
there are the molars or grinding teeth, three on 
each side above and below. 

with so many points in common must be 
placed in one gr~up~ . · . . · 

The order, pnmates, ·may be d1v1ded 
into three families :­

I. The Lemuroids. 
2. The Sirnioids. 
3. Man. 

· I. Lemuroi'ds. · 

This group contain"s the P!osirnii (h~lf­
.apes). They ar~ small. ammals, wh1ch 
live in· trees; the1r fore limbs a~;e short~r 
than their hind limbs ; the great toe lS 

opposable to the other toes;_ so. a~so,~as 
a rule, is the th~mb to the fingers. 'I he· 
second · digit of the foot has a curved 
claw; but ip the typical lemuroids the 
other digits of both feet and hands have 
nails, those of the great toe and_ tli1~n;b 
being fiat, while those of the other d1g1ts 
are more .claw-like. · · 

The nostrils are twisted and . curved, 
with their convexities turned outwards 
and placed · at the .end of the snout. 
There may be two abdominal .mamiJ!ary 
glands, or there may be abdommal 
mammre in addition· to the two on the 
chest. None of the lemuroids have a 
prehensile tail, cheek ·pouches, .o~: natal . 
callosities. . · · 

Speaking roughly; •their centre is 
Madagascar. The lemur_ itself: has 
thirty-six teeth. 

2. Slmioids. 

These include all the monkeys and 
apes-called- by Owen 'the Ca.tar~hine 
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 (diastema) .between· 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 o( mammary 
glands, and these are on the chest. In 
many cases the cheeks are distended 
into "cheek-pouches," and there arc 
often spaces of thickened and Jlllked 
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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 Mrica and 
Asia and its islands. ' 

- The great· divisions are Platyrrhini 
and ' Catarrhini. · Platyrrhine means 
broad or flat-nosed. The nostrils are 
separated by ·a broad division (septum) 
'and opel} sidewards. Catarrhine means 
down-nosed. · The nostrils are separated 
by a narrow division (septum), and so 
directed as to look downwards. · 

Platyrrhini.-This group includes 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 
catarrhini and in Irian,· 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. 

Catarrhini.-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 callo~ities are often 
present._- Thethumb(wanting incolobus) 
is opposable to the fingers. The number 

· of molars and premolars is the ·same as· 
in man, and they have thirty-two teeth, 
as man has. They are essentially Mrican 
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 ~ves on the island of 

Timor, and thus belongs to the Austra· 
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 (hy/obates), the 
'orang-utan (simia), 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 crecum 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 · 
fingers. 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) ~here 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 
th~ facial bones are very much produced, 
and the niuzzle 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 a,rms are- enormously developed, and the 
than the gibbons or orangs; still the arms canines are large. The fore limbs ar~ 
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 

FIG. H.-THE ORANG-UTAN (Simia Satyrus) sitting in its nest. 
Fram a specimen in the Cambrid~:e Museum. from Shipley and 1\JacBride"s Zoology. (By kind permission.) 

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

!he gorilla is much larger than the about thirty-one cubic inches, that of the 
chimpanzee, the full-grown male being I average Australian being seventy-five 
over fiv~ and a half feet high. The · cubic inches. · The gorilla is essentially 
muzzle IS prominent, the supraciliary I 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 equ_atorial Africa, and is a 
strong, ferocious animal. 

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

IL we read this account, bearing in 
mind that man is not supposed to be 
descended from any of these, but that 
they may be rega~ded as distant cousins 
to man, he an~ 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 
differenf 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. . . . 
Th~ orang is Bearest . man . in the 

development of the brain. 
. The gibbon is nearest man in tpe form 
of th«; chest. . · 

: Just as several cousins or half-cousins 
may resemble each .other in particular 

-features. 
And ·we m~t remember that ·the 

ymmg 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 py his habitually 
erect. posture, and by walkirig 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 seen ""to 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 aiJ ·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 v.1th 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 ra:te on its back, with a 
covering of hair. 

Nicholson concludes : "At the present 
day it is usual to regard man, from a 
purely zoologigtl point of view, as con­
stituting _a special section (Anthropidre) 
of the order Primates,· or a special 
family (Hominidre) of the Simioidre." 

This account is not quite clear in one 
respect-viz., 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 · shiel<i 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 toe 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 JDarks the whole· vertebrate 
class. 

In the same way we found (p. 2o) 
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 prjmates, 
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 and the lemurs. These 
little creatures are called Galeo­
pitheci, found in Borneo, Malacca, 
and Sumatra. There are only two 
established species, and one of 
them possesses the power of flight, 
and is commonly called " the 
flying lemur." 

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. · 

In consequence of man having fully 
acquired the habit of- walking erect, 1\nd 
thus bearing the weight of the body on 

FIG. !2.-HUMAN BRAIN. 

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 

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

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 

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 (ha/l~x) is shorter than 
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 o.uite. a 
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Judiment. and cannot be "opposed" to I teeth, and the f~ct that they are only 
them. " nearly even " m man shows their 

The fore limb is shorter than the hind · resemblance to those of apes which are 
limb ; so it is among the marmosets and ' only less even. The canines are not 
most of the platyrrhine monkeys. I markedly larger, but they are larger, and 

~h.e ~humb is opposa?le to the fingers; i this is all that can be needed to show 
so 1t IS m all the Old "orld monkeys. ' that they are not even. 

There is no sagittal crest, and the I !\Ian is not covered with hair, but we 
ridges over the eyes are little developed. have seen (p. 26) that in an early stage 

FIG. IJ.-HU~!AN BRAIN. 

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 fish is very 
small compared with the spinal 
cord into which it is continued, 
and with th!! nerves which come 
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. 

.Shows the base or under surface of the brain as we should see it 
from beneath. 1-lere the brain has been turned over so that we 
look at its under surface. Base of the bra..in.-1. Superior longi­
tudinal fissure; 2, z', z'' • • J.\.nterior cerebral lobe; 3· Fissure of 
Sylvius, between anterior and 4• 4'. 4", middle cerebrallobe; ~·f. 
Posterior lobe; 6. 1\Iedulla oblongata (the figure is in the nght 
anterior pyramid); 7• 8, 9· 10. The cerebellum; +. the inferior 
vermiform process. The figures from L to IX. are placed again..c;t 
the corresponding cerebral nerves ; III. is placed on the right 
crus cerebri; VI. and VII. on the pons Varolii; X. the first 
cervical or suboccipital nerve. (Allen Thomson.) , 

In reptiles the mass of the 
brain increases in proportion to 
the spinal cord, and the two 

upper and chief divisions, called the 
cerebral hemispheres, begin to be much 
larger than in other parts; while in 
ln_'rds they are still more marked in their 
s1ze. 

I am informed that the woolly monkey 
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 teeth in a nearly 
even series. All the catarrhine monkeys. 
aqd marmosets have only thirty-two 

The brain of the lowest mammals 
(platypus, opossums, and kangaroos) 
e:l>hibits 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 15.) 

There also appears the beginning of a 
new structure, the "corpus callosum." 
The corpus callo5um is eften called "the 
great commisure," because, when fully 

l 
A step higher in the scale, among 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 a- marsupial, neither are the -
proportions of its parts' much changed; 
but the new·structure (the corpus callo­
sum) has developed to what isknown as 

FIG. 14.-HUMAN BRAIN; 

This represents a side view of the outer brain as it would appear on the left side ~f the head, if the skull \lone 
were removed. Lateral view of the brain (semi-diagrammatic). F, Frontal lobe; P, Parietal lobe; 0, 
Occipital lobe; T, Temporo-sphenoidal lobe; S, .fissure of Sylvius; S'. horizon~; S", ascending ramus of. 
the same ; c, sulcus centralis (fissure of Rolando); A, ascending frontal; B, ascending- parietal- convolution ; 
F1, superior; F2, middle; F3, inferior frontal convolutions; f1 suyerior, f2inferior, frontal sulcus; f3, prz.. 
central sulcus; P1, superior parietal lobule ; Pa, inferior parieta lobule, consisting of Pz, supramarginal 
gyrus, and P2', angular gyrus; ip, interparietal sulcus; em, termination of calloso-IJ13,rginal fissure; Ot, 
first; 02, second; 03, third occipital convolutions; po, parieto-occipital fissure; o, transverse occipital fissure; 
oa, sulcus occipitalis inferior; T1, first; Tz, second; TJ, third temporo-sphenoidal convolutions; b, first;· 
h, second temporo-sphenoidal fissures. (Ecker.) , 

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. 

a true corpus callosum, so as to have a; 
definite function. 

This seems to be the most sudden 
modificatiol! 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 
thro.!lgh 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 lower placental mammals the 
cerebral hemispheres leave a large part 
of the cerebellum visible at the back of 
th~ 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 all orders 
tend to a similar smoothness of brain. 
· But in the higher 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, 

- - FIG. IS--HUMAN BRAIN. 
View of the right hemisph~re in the median aspect (semHiiagrammatic). CC, corpus callosum longitudinally 

· divided; Gf, gyrus fomica.tus ; II, ~s hippocampi ; h, sulcus hippocampi ; U, uncinate gyrus ; em, calloso­
mar.rinal fissure i F1, median aspect of first frontal convolution ; c, terminal portion of sulcus centralis (fissure 
of g:olando); A, ascending froutal; B, ascending parietal convolution; P', przcuneus; Oz, cun~s; ~· 
"parieto-occipital fissure; o. sulcus occipitalis transversus;-~ calcarine fissure;_ oe, superior; oc'.'· .mfenor 
ramus of the same; D. gyrus descendens; T4, gyrus OCCiplto-temporalis lateralis; Ts, gyrus ocop1to-tem-

. poralis medialis. · 

part of each hemisphere inclines back: 
wards and downwards, and grows out so 
·as to overlap and hide the cerebellum. 

In .all mamma~ each cerebral hemi­
sphere contains a cavity (the ventricle), 

· and as this cavity is prolonged on the 
--one hand forward and· on the other 
doY.nward, into the ·orain substance, the 
-cavity is .said. to have two. horns (the 

-cornua). Later ·there appears a third 
. prolongation of thfr cavity, . extending 
into that· part of the brain· called the 
posterior lobe. This hollow is called the 
posterior horil. ~ _ . - . · 

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 hom 
appears, there is commonly a particular 
groove upon the inner and under surface 
of the-lobe, beneath the floor of the 
posterior hom, 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 is 
not knoY.n. 



N u\:, onuttmg a great deal, we will 
f1x our attention on the three points 
which have been declared again and 
again to be peculia·r to, and charac­
teristic of, man. These three points 
are:-

The posterior lobe ; 
The posterior hom ; 
The hippocampus minor. 
It has been demonstrated without 

doubt that these three portions are 
among the most dislinctly ape-like pecu­
liarities which the hl!man 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. 
J6.) 
- "And it is most remark­
able that, as soon as all the. 
principal grooves appear, 
the pattern according to 
which they are arranged is 
idmti'cal with that of the 
corresponding grooves of 
man. The surface of th!! 
brain of a monkey exhibits 
a sort of skeleton map of 
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between the chimpanzee -brain and that 
of a lemur!" -

As far as man is concerned, there is 
clearly no " missing link " in the develop­
ment and structure of his brain. 

Those who ·wish to pursue this inquiry. 
must read M.an's· Place in Nature, by 
Professor Huxley. · _ · - · ·· 

After an exhaustive examination, he 
thus sums up : "Thus, whatever .. system 
of organs be studied, the comparison Of 
their modifications in the ape seri~s leads 
to one and the same . result-that· the 

FIG. t6 . ..:...MoNKEY'S BRAIN. 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

Brain of the O~ang, showing the arrangement ~of the convolutions. Sy. 
fissure of S)·lviu~-; R, fissure of Rolando; E P, extern.al_.perpendicular 
fissure ; Olf, olfactory lobe ; Cb, cerebellum ; P V. pons Varolii ; M 0, 
medulla oblongata. As contrasted with the human brain, the frontal 
lobe is short and small relatively. the fissure of Sylvius is oblique, the 
temporo-sphenoidallobe very prominent, and the external perpendicular 
fissure very well-m:'rked. (Gratiolet.) · - ' , . .-

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 ·brain is ·concerned, 
therefore, it is clear that man differs 
less from the chimpanzee or the orang 
than these do even from monkeys, and 
that the difference between the brains of 
the chim!Jiinzee and of man is almost 
insignificant when compared with that 

struc1ural differences which separate man 
from the gorilla and the chimpanzee ai:e 
not so gyeat 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 gteat and significant." 

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



.MAN AND MO.VKEl"S 

the~e is no existing link between the 
gonlla 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 n~mains 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 va1ley of the 
Meuse, in Belgium, and in the cave of 
Neanderthal, near Dtisselgorf. It is 
agreed that these' skulls are those of 
human beings ; the ·one found at 
Neanderthal seems to offer · features 
whi~h show a low savage type, and in 
two or three points it is . more ape-like 
than the ~kull of the average savage of 
to-day. · · . . 

A fossil ape-man found in Java has 
· seemed to some to give the lowest form 
of 'a human being yet discovered. This 
ape-man has been named the pithecan­
thropus erectus (the erect ape-like man). 

-1;k A. H. Keane, F.R.G.S., late Vice­
President of the Anthropological Insti­
tute, has written a valuable. book on 
Man: Past and Present (r899). In 
dealing with ancient skulls and th~ 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 
cradle-land." · 

" It follows, further-and this point is 
all-important-that, since the world was 

. peopled by pleistocene man, it was 
peopled by a generalised proto-human 
form, prior to all later racial differences." 
· "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 link, 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, . 

·who concludes that Homo Javanensis 
walked erect, was about the medium 
height, and a true precursor, possibly a 
direct ancestor, of man." 

He handles Virchow severely. 
He poii)tS 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 
r,ooo cubic centimetres-that is, "stands 
at the level of the smallest which 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 The Cam­
bridge Natural History, 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 published 
in 1902. Pithecanthropus erectus is 
here placed under man-like apes ; but, 
when dealing with man, we r~ad : 
" Pithecanthropus, perhaps, is a member 
of this family ; but its remains permit 
us to leave it among the Simiidre, '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 
scanty remains a complete reconstruction." 

The more important points are the 
follo~·ing :- -

" The remains rested upon a con­
glomerate which lies 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, hyrena, hippopotamus, etc. , 

" It is remarkable that the f.irst two of 
these genera are now extinct, and that 
neither hippopotamus nor hyrena, exists 
any longer in the Oriental region. . If we 
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 Ley!len was that, of twelve· 
experts present, three held that the 
fossil remains belonged to a low race of 
man ; three declared them to be those 
of a man-like 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 eatarc 
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 thigh-bone 
did not belong to the same animal. 
This the expert palreontologists 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, pppose _the -truth, 
had shifted and shifted in vain ! 1 give 
lhese facts because he _is by ·far the 

_ greatest scientist who -opposed Evolu­
tion, and because he showed so clearly 
the methods to . wllich these -opponents 
are all reduced. 

Haeckel continues; "It is established 
that the oldest manimalia ' were small 
inseCtivorous · mammals- With . a very 
primitive: organisation. Probably they 
were monotremes, and may be derived 
directly from Permian Sauromammalia, 
an ill-defined mixture of mammalia and 
reptilia.' _This generalised characteristic 

~ supports our view that the whole class Qf 
mammalia is monophyletic, and that all 
its members, from the oldest.- mona­
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 
strikinK modifications of the vertebrate 
_organisation are J::Ommon to- mammals, 
and ·distinguish them_ clearly from other 
Craniata. 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 "..::Che 
Last Link," given at Cambridge, August 
26th, ,18981 the learned Professor says: 
"Four results stan!! out clearly: (1) 
The primates, -as the highest order of 
mammals, form one natural, mona­
phyletic group. All the Lemures, Simire, 
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 (Pra­
choriata) and the true Simire. (3) All 
the Catarrhina\, or Eastern Simire, form 
one natural monophyletic group. Their 
hypothetical common ancestor, the 
Archipithecus, may have descended 
directly or indirectly from a branch of 
the_ LeJUures. (4) Man is descended 
directly from one series of extinct Catar­
rhine ancestors. The more recent 
ancestors of this series were tailless 
anthropoids (similar to the Anthropa­
pithecus}, with five . sacral vertebrre. 
The remote ancestors were tailed ( Cerca­
pitheci), with three or four sacrai _verte­
brre. These four theses ·possess, m my 
opinion, absolute certainty. They are 
independent of- all future anatomical, 
embryological, and palreontological dis­
coveries which may possibly throw more 
light upon the details." • 

He further adds : " Man alone com­
bines the four following features : ( 1) 
Erect 'walk. (2) Extremities differen­
tiated accordingly. (3) Articulate speech. 
(4) Higher r~oning. : Spe~c~ find 
reason are obVIously relative d1stmctwns 
only-the direct result of more brains 
and more brain-power, the sa-called 
mental faculties. The erect walk is 
not· an absolutely distinguishing charac­
teristic. The larger apes likey;ise walJc. 
on their __ feet only, supportmg the1r 

-bodies by touching th~ gro_und ~'ith th_e 
backs of their hands-m fact, With theu 
knuckle-s j 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 problem~ ofJife. 

Few men have grasped the fact that 
the universe is one-one in its com­
ponent parts, in the lawswhich goveni 
it, in the elements that compose it, 
unless indeed it is -formed of one 
element, which seems likely. · 

Nothing 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 living 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 
Stcrets of the universe are only to be 

discovered by beginni~g at the beginning, 
and by learning her grand old A B ·C. 

If we take some living substance, say 
a part of a growing root, 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 · 
ate called cell;. Sometiines they show · 
clear cell-walls, and a spot in the centre; 
a sort of thickening,. called the nucleus . . 
(But some cells h:we ·no wall an9, no 
nucleus.) " What is more important to 
notice is that J;hese cells, when taken 
alive from fresh tissues, and preferably 
from young growing tissues, are com-· 
posed- of ·a semi-transparent, greyish 
material, looking like thin gum, into 
which small transparent granules have 
been stirred. The substance which 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 hard 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 life-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 ; ~his brought the animal · One of these proteids, called albumen, 
and vegetable world, into close union. is the chief part of the white of egg. If 
Later the many discoveries about proto- you break a fresh egg, the fluid mass, 
plasm led some to suppose that the only which is almost colourless, will give you 
difference between living and not-living a good, rough notion uf what a proteid 
substance was simply a difference of the is. And remember, this most marvellous 
complexity of the chemical constitution. I substance, protoplasm, is a compound 

. The mere suggestion of the point is formed of several other compounds 
enough t9 show of what vast importance called proteids, and, besides these, proto­
this substance is. Let us, therefore, try plasm always contains a large amount 
and understand it. " Animals and of water, small quantities of carbo­
plants are alive and growing; their proto- hydrates (such as glucose) and fats, and 
plasm is alive and growing; we know traces of iron and of phosphates· and 
protoplasm only as a living substance. sulphates of potassium, -calcium, and 
Chemical analysis kills· it, and ~dead magnesium; so that, if there is in proto­
material is not protoplasm." , plasm any special compound, the mole-

We know that protoplasm is a mixture, cules of this compound are probably 
not a single chemical substance. much more complex than the molecules 

It is ·alive, and,· therefore, constantly of proteids. 
building fp food materia_ls into itself; Now, turning away from this rather 
constantly breaking down· part of itself difficult subject of chemistry, let us see 
in . the process of doing .the ·work of what protoplasm can do . 
. living; -constantly forming substances · -First; it lzas the power of movement. 
like cell-walls, like enamel, or wax, or To see this we may examine under a 
horri, which are derived from protc;>plasm. microscope the cells, which form the 

"This protopla.Sm, as. we look at it hairs of many plants, as nettles or the 
under the microscope, and as we must Virginian spiderwort (Tradescantia). 
think of it, is a flux of chemical materials, The hairs are seen to be made up of 
some of them food iri :various stages of long, barrel-shaped cells placed in single 
the process of building up into living rows. The inner wall of ·each cell is 
substance, some of them broken down, seen to be lined with a layer of proto­

waste products from the_living material plasm (see Fig. 17, a). In or near the 
_ whic:Q has been used up; and some of middle of the cell is seen the nucleus, a 
them substances manufactured by the rounded, dark, solid~looking mass. The 
living material." nucleus is embedded in another mass of 
, '_fo see protoplasm it is best to choose protoplasm, and from this to the layer 

young growing cells, for in older cells round the cell-wall there pass strands, 
the living material is frequently obscured branching and running into each other. 
by the various substances it has made. In this 'network of protoplasm may be 

Protoplasm, -then, is not a definite seen granules of different shapes and 
chemi~al compound,· but a jelly-like sub- sizes. 
stance one can see with the microscope ; When the eye has become accustomed 
still, we know much of its chemical com- to this nearly clear protoplasm, it may be 
position, for we know it is mainly made seen that constant streaming movements 
up of compounds called proteids, and take place, especially in the fine strands 
they contain the five following sub- to and from the nucleus. 
stances :- Another kind• of movement can be 

Oxygeri from 20.9 to 23.5 per cent. seen in white blood-c~:>rpuscles. If we 
Hydrogen from 6.9 to 7·3 per cent: watch one of these white corpuscles, we 
Nitrogen from 15.2 to 17.0 per cent. see that the ~hape slmvly changes (see 
Carbon from 15.5 to 54·5 per cent. Fig. 17, ~). At fir~t it may. appear 

. Sulphur from 0.3 to 2.0 per cent. covered with fine pnckles, 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 1 

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 i 
called amceboid. The 
processes which are 
pushed out or dra\m in 
are called pseudopodia. 

There are other forms 
of movement, but these 
are sufficient to show 
that living protoplasm 
moves. 

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 

a 

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. \Ve see, therefore, that 
protoplasm is greatly influenced by 
environment, just as plants and animals 
are. 

b 

Protoplasm is irritable. 
Third, protoplasm absorbs food. 
Sometimes, as with animals, the food 

c 
FI G. 17 (after Mitchell). 

· if more than one out­
side object acts upon 
the substance, they are 
called stimuli (the plural 
of stimulus). Any sub­

a. Cell from stamina! filament of plant, Tradescantia. The protoplasmic 
thceads are light. and in them are contained the nucleus and chlorophyll 
granules. The spaces between the threads are filled with coloured cell sap. 
b. A white or amreboid corpuscle from the blood of a frog, showing chanll"es 
of shape undergone during live minutes. c. Group of yeast-cells exhibiting 
acti\·e budding. . 

stance which shows it is acted upon by consists of the bodies of other animals 
a stimulus is said to respond to the and of plants ; sometimes, as in most 
stimulus. plants, the food is purely "dead matter" 

The shock of the removal of proto- (inorganic). 
plasm from a plant or animal may have Fourth, protoplasm has the power of 
stopped its motion. But gentle warmth respiration. 
or an electric shock may cause it to Protoplasm is constantly exchanging 
move again. This proves that proto- gases with the surrounding air, or with 
plasm responds to stimuli. water ; this is called respiration. 

The stimulus may take" many forms- Fifth, protoplasm grows as the result of 
light, food, variations in the fluids. 1 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 

a. A single..:elled animal (belonging to suctorial Proto­
zoa) wit!> delicate spherical cell-wall, and long­
knobbed pseudopodia: within the protoplasm lie a 
small nucleus and a large contractile vacuole. b. 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. q, c) 
or gemmation. 

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

Seventh, protoplasm 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 rmder 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). As one looks at it, 
this spot suddenly disdf>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, b). 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 
vacuole, and it is the most visible form of 
protoplasmic excretion. 

In most cells the proce~s 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 pouJer 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 connecteq, but that a shock 
applied at one point passes through 
the protoplasm to the other parts. 
This power of conveying the effect of 
a stimulus is called conductibility. 

We have now learnt much ofthis 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-

Mov€ment, Excretion, 
- Feeding, Contractibility, 

Reproduction, Gro"th, 
Irritability, · Cc;mductibility. 
Respiration, 
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The student who wishes to understand by it are the material of the tissues .of all 
all life from the lowest moss to the brain animals and plants ; ·and all animals and 
of man will not think it a waste of time plants in consequence of this· have the 
to learn all that can be known about powers of M(!lJeme.nt, ·:Irritability, Feed­
protoplasm. ing, Respiration, Growth, Reproduction, 

Practically, the living world is proto: .Excretion, Contracti{Jilt~fy, antFConducti-, 
plasm. Such a plain basis of the unity bility. The individual cells of the 
of life offers a key to all life, and to the animal or plant bodies may be built liP 
workings of all that we mean by the into . complicated tissues and organs 
mind of man. It writes in capital letters which serv_e speciar purposes, and in the 
this one fact-that all life, from the elaborate systems of higher animab and 
lowest to the highest, is one. And, plants t}lese tissues and organs may 
further, it helps us to see that there is assist, or regulate, or interfere with each 
but one short, easy step from the not- other'S' work. · But ·in every oas~ the 
living to the living. actual work done is done by individual 

Those who study Professor Loeb's cells present in the organs. If or instance, 
great work, T!te Physiology of the Brain, the hands may take foog to the mouth, 
will be rewarded for many ·weeks of toil the teeth chew it, the muscles of the 
on the lower forms of life, because only tongue and mouth and ·gullet force it 
by knowing these lower forms can we down; but it is at . last the . jndividual 
understand the higher. cells lining the intestines that absorb 

There are millions of small animals, and really eat the meal.· Similarly, all 
called protozoa, which are but one cell the powers of animals and J>lants .can be 
of protoplasm. All forms of .animals traced down to ·individual cells-down 
begin life as a single cell, and grow as to protoplasm itself." . _ . 
single cells grow. This stands as one In the process of life protoplasm is 
of the most marvellous revelations of constantly being used up. When an 
scieilce, proving beyond doubt that life animal or plant dies and decays, proto­
is one not only in its structure, but in plasm is destroyed. · How, then, is this 
the mode of its growth and the laws of substance built up from the irJ.organic 
its being. The nine characters which materials m the world? The world· 
we have. found· in protoplasm are the need is protoplasm j how, then, can we 
common characters of every living obtain it ? . · · -
animal. . ' " If we. consider the food supply of 

The greatest genius could produce the land, it is clear that flesh-eating· 
nothing if one of these powers. were animals practically only tum the proto­
completely to fail. The human race; plasm -of their prey into their own proto- · 
with all its glories, would vanish if one plasm, and that their life is dependent 
of the laws of protoplasm were to lose its on· the life of other animals." Some 
power of action. Such a thought is animals live partly on animal protoplasm 
well-nigh overwhelming. In the presence and partly on- the tissues of plants. 
of this fact, all vain theories of man's Others live entirely on plants.· . . 
isolated splendour crumble to the dead In seeking an answer to this question, 
dust, which they are. Everything in the How is life-substance built up ? if we 
grandest life depends upon the power turn to plants, we can dismiss many 
of this lowest form of living matter, which, like moulds and fungi, li.ve on• 
which is common to animals and to living or decaying matter, and we are 
plants.. left with the green vegetation of the earth. 

• It wtll repay us, therefore, to try and The food supply of the -sea is less easy 
understand more of this life-substance. to understand. Most of the lower forms 
Let us see how protoplasm is built up. I 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 ' which possess chlorophyll store up the 
anemones and coral polyps. energy ; the animals which feed upon 

The floating sea-mud is not enough to plants use this store of energy for their 
replace the vegetation of the land. It is own lives, but retain enough in their 
true that waste matters and sewage own bodies to serve for the carnivorous 
supply food, but even this is not enough. animals which eat them." 
- If, however, we- examine a bucket of. The chemical details of the processes 
surface water, there we find vast numbers of life are very complicated, yet we may 
of'microscopic plants; and these, like the say generally thaf protoplasm takes in 
green vegetation of the earth, form the oxygen, performs the work of life, and 
first stage in the building up of proto- gives out carbonic acid ; and that it is 
plasm, and, like most land plants, they enabled to do this by the capacity 
have a green colour. · chlorophyll has for absorbing the energy 

"The starting-point of the food supply of sunlight and storing it up in the form of 
of land and sea is green _vegetation." · carbon compounds with less oxygen than 

The formation of protoplasm from the proportion in carbonic acid (CO.). 
inorganic matter d_epends on the sub- Many attempts have been made to 

. stance to which this green colouring is draw a distinction ·between plants and 
due, and which is called chlorophyll animals, ·and in most cases this can be ' 
(green of leaf). If some green leaves clearly done. 
are soaked in alcohol, the green colour- Plants have a power, scarcely possessed 
ing matter is dissolved and forms a clear by anim.als, even if they have it at all­
solution, bright green in colour. viz., by some chemical process they can 

Every living· cell containing chloro- produce living substance out of not­
phyll in the presence of sunlight liVing salts and gases. 
performs chemical work. . It absorbs · Still, Mr. Mitchell sums up thus: 
carbonic acid from the air, tears apart "No complete separation exists between 
the carbon and oxygen, and the oxygen the two kingdoms. It is most probable 
is returned- to the air, while the carbon that animals and plants have a common 
becomes associated with hydrogen and origin, and that some of the lower 
oxygen in the plant. · existing forms of life retain characters 

"This leads to another striking fact. that afterwards become the marks of 
Carbon combines readily with oxygen, separate kingdoms." · · 
and ·in the process sets free energy in This important conclusion of science 
the form of heat. What, then, takes may .yet receive expansion and be · 
place in plants, by the agency of chloro- flooded with ne~ light ; but for ~ur 
phyl~ is ;J. turning of tb.e_ radiant energy purpose it is sufficient, for no stronger 
of sunlight into potential energy ; · the proof of the unity of life can be desired 
,radiant energy is stored up in the form than the confession of all scientists that 
of a chemical compound of such a kind_ they are unable to separate absolut~ly 
that, by union ·,vith free oxygen, it will the two great kingdoms of plants and 
liberate the energy again. animals. 

"From our point of view, plants ·and Ifwe could but discover the common 
animals, or the protoplasm of which they ancestor of · plants and animals, we 
consist, may be regarded as centres of should probabfy understand how, by a 

'force, as things capable of doing work ; process of chemistry, inorganic matter 
·and, here, as the secret of their fooa: first became living substance, and we 
supply (as the first stage in the building should kno\V the origin of life. 
up of protoplasm), is to. be found a NoT~.-In dealing with protoplasm, I have' 
supply of energy, a _means by whic4 the chiefly followed the account _in Outli11~s of 
radiant energy of sunlight is stored. up in Biology, by Mr. P. Chalmers Mitchell, which 1s 
a form which can be used. ·The plants a good handbook written for medical students. 
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CHAPTER VI. 

VARIATIONS IN ANIMALS 

IF 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 infal-libility. 
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 
fartJ.ilies 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 

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 specialised 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 living representat~ves. 
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 (Essays on Natural Selection; 
p. 265) ;- . -

1. The law of multiplication jn geome­
trz'cal progression~ A simple instance of 
geometrical progressi~n is ~hus repre­
sented-2, 4, 8, 16, 321 etc., or 3, 9, 27, 
8r, etc. All organised 'beings multiply 
very rapidly. 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 ten to a thousandfold-· 
every year. 

2. The law of limited populations.~ 
The number of living individuals of each 
species -in any country, <;>r 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 heredity, or _lz'Reness of 
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offspn'ng to tlzeir 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· Tlze Jaw of vanation.-Offspring 

- resembfe their parents very much, but 
'not -wholly ; each being 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 yariation, 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. 
- 5· Tlze law .. Of unceasing change of 

physical co?u/i'tions upon tlze suiface Of tlze 
/ ~artlz.~"(7eo1ogy . .shows·- us that. this 

change has- always- gone on in times 
past, and we also -know that ·it is now 

·everywhere going on." (For details of 
this law see chapter xiii.) .. - -

6. Tlze equz'libn'um _ 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 
becom~§ 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 J here they have always 
been: The evolutionist merely tries to 
explain them.-

- We will first deal more fully with the 
law of Variations. 'And it should be 
borne in mind that it makes r10 difference 
with-- regard to. the doctrine -of Natural 
Selection whether we can fully explain 
the causes· of .these variations or nOt. 

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 Biolog;•, vol. i., 
f)ect. 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 
action ·of the external world those 
·energies which enable it to perpetuate 
itself in successive generations." 

In the- same book (sect. 8z) Mr. 
Spencer brings out clearly the influence 
of outwaid 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 rac~s 
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 ANlllfALS 59 

increased. Similarly with special cases. 
In the (jdopadia 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 acquired than pri!Dary 
mien."· · · · 

This and much more which Mr. 
Spencer says to the same effect, sup­
ported by many clear instances, .seems 
to prove that acquired characteristics may 
be hereditary. The cases could easily 
be multiplied ·a hundredfold, and they 
establish beyond controversy ~e fact 
that one powerful source of variation 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 I 
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, the 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 two forces which 
no man can measure, either in their 
strength or variety. . 

Darwin continues : "Changed habits 
produce an inherited effect, as in the 

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

" With animals , the increased U!:>e 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 be 
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,'' _ ' 
- By the law oLheredity, any peculiarity 

or power of remote ancestors may re- . 
appear in their des<!endants~ 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 chara~teristic 
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 with 
one case in greater. detail, and we cannot 
do better than to take the example given 
by the great master, hiJilself, on pigeons. 
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 
the London pigeon clubs. The diversity 
of the breeds is something astonishing." 
(Fig. 19.) "Compare the English carrier 

their skulls. The carrier, more espe· 
cially the male bird, is also remarkable 
from the wonderful development of the 
carunculated skin about the head, and 

FIG. 19.-PIGEONS. 
6. Fantail. 

1• Homing pigeon. •· Tumbler. 3· Carrier. 4· . Barb. f Pouter. 
~ 'I· Salinette. 8. Turbiteen. 9· Jacobm. 10. rumpeter. 

and the short-faced tumbler, and see the I this _is accompanied by greatly elon~ated 
wonderful differences in their beaks, eyehds, very . large extema~ onfices 
entailing corresponding differences in to the nostnl~, and 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 
singular inherited habit of flying at a 
great height in a compact flock, and 
tumbling in the air head over heels. 
The runt is a bird of great size, with 
long, massive beak and large feet; some 
of the sub-breeds of runts have very 
long necks, others vel)' 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 continually 
expanding slightly the upper part of the 
resophagus. The J acobin 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 Iaugher, 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 ca"lldal and 
sacral vertebrre 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 resophagus; the develop­
ment and abortion of the oil-gland; the 
number of the primary wing and caudal 
feathers ; the relative length of the wing . 
and tail to each other and to the body ; 
the relative Jength of the leg and foot ; 
the number of scutellre 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 slight 
degree from each other. · . · _ 

" Altogether atleast 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 Iivia), including under this 
term several geographical races or sub­
species, which differ from each other in 
the most trifling respects " ( Ongz'n of 
Species, pp. 15, x6, 17). 

We can further summarise Diuwin : 
If we consider the steps by which 
domestic races have been produced 
either from one or several allied species, 
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we shall discover one most remarkable change it altogether. It is the magi· 
fact. For;though· much may be attri- cian'swand, by means of which he may 
buted to the action of external conditions summon into life whatever form and 
of life, and something to habit; this is mould he pleases.' Lord Somerville, 
not- all.- This would hardly serve to speaking of what breeders have done for 
explain the difference between a dray- sheep, says: 'It would seem as if they 
horse and a race-horse. There is this had chalked out upon a wall a form 
remarkable fact, that we see in our perfect in itself, and then had given it 
domestic races adaptation, not to the existence.' In Saxony the importance of 
g~d of the animal or plant, but to man's the principle -of selection in regard to 
use or fancy.. "We cannot suppose that merino sheep is so fully recognised that 
all the breeds suddenly appeared as men follow it as a trade : the sheep are 
perfect and as useful as we now have · placed on a table and are studied, like a 
them; in fact, . we know- ~hat in many picture -by a connoisseur; this is done 
cas.es this has not been their history. three times at intervals of months, and 
The key is man's power of accumulative the sheep are. each time marked and 
selection; nature gives successive varia-_ classed, so that the very best may ulti­
tions; - man adds them up in certain mately _ be selected for breeding" 
directions· useful to him.· In this sense (Of'i'gin of Species, pp. 22 and 23). 

-he may be said to have made for himself These are marvels of conscious selec-
useful breeds.'' tion operating in a very short time. To 
-Now, is this a mere supposition? By the average man of town habits a flock 

no means. _As Spencer says : "There of sheep .consists of animals all alike, 
are no inductions so trustworthy as those but we see the facts··are quite the con­
which have undergone the mercantile · trary. Nature supplies variations, which, 
test.'' Now, thislawofproducingspecial when guided in any one definite way,. 
kinds, according to the? \Vi_H of man; by yieid amazing results. No less striking 
the' accumulation of small variations has is the case given under unconscious selec-
~tood the mercantile test, both .in plants tion. . 
arid animals. "Youatt gives an excellent illustration 
--To take animals only, Darwin· says; of -the effects of a course of selection, 
"It is certain that several of -our eminent 'hich may be considered as unconscious 
breeders have, even within -(I. single life- in so far that the breeders could never 
time; modified-_ to a- lirge extent their have expected, or even wished, to produce 
bre-eds of cattle and sheep. In order to the result which ensued-namely, the 
fully realise what they have done~ it is production of two distinct strains. The 
almost ne-cessary to. read several· of the two flocks of Leicester sheep _kept by 
many treatises -devoted to this subject, Mr. Buckley· and Mr. Burgess, as Mr. 
and to iilspect the animals. Breeders Youatt remarks, 'have been purely bred 
habitually speak of an animal's .organisa- from the original stock of Mr. Bakewell 
tion as something plastic, whicn they can for upwar:ds of fifty years. There is ·not 
model almost as they please. If I had a suspicion existing in the mind of any­
space, ~.could quote numerous passages one_ ·at all acquainted with the subject 
to' this effect-- from: highly competent -that the owner of either of them has 
authorities. Youatt, who was probably deviated in any one instance from the 
bett~r- acquainted with the works of pure blood of Mr. Bakewell's flock, and 
agriculturists than almost any other yet· the difference between the sheep 
_individual, and who- was ;himself a very possessed by those two gentlemen is so 
good judge of animals, speaks of the great that they have the appearance of 
principle~ of selection as 'that which. being quite different varieties.'" 
enables· the agriculturist -not only to It remains but- to notice some circum­
modify the _character of his flock, but to 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 ilt small lots, they never 
can be improved." 

"Probably the most important element 
is that the animal or plant should be so 
highly valued by- man that the closest 
attention is paid to even the slightest 
deviations in its qualities or structure." 

Facility in preventing crosses is an 

important element m the formation of 
new races. _ _ 

We now begin to see how species may 
have arisen, and, perhaps, we may nearly 
be ready for the astounding 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 saying, "All 
things are in unceasing change." · · 

-· We- know more.:......that all things live 
by unceasing change. - Life's highest 
splendours are literally but the pageantry 
of death and decay.· · · 

--

CHAPTER VII. 

T~t: STRUGGLE FOR LIFE 

THE presence of variations in infinite 
forms and numbers is manifest to the 
mo.st 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 5cheme, 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 immemorial 
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 Gan discover some equally 
universal power which can utilise these 

infinite variations, we begi~ to see some­
thing of the laws which shape the destiny 
of atoms and the doom of nations. · • 

We- must, therefore; 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 horizon, 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 on,e 
of these sacred temples of life there are 
to be seen the blood-red.footprints 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 operatio1,1 is too well known 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 ne~ds of his fami-ly in comfort, should 
a second carpenter be introduced into 

' that village, while. all · the other circum­
stances remain 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, aiid not so well 
equipped for their duties as citizens, or a 
higher percentage of them will die. This 
tragedy you can-see in nearly every village 
and town on earth. -

> Or you can tum to a separate family 
for an illustration of the same law. You 
may find a tradesman ~ho, by extreme 
toi~ foresight, and carefulness, is able to 

--educate his two 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
~ionised ; 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 

· them . to disease, so that,' after a brief,­
defective life, one or more would have 
filled a nameless grave ; or, owing to the 
struggle, one 9r 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 fam}Iy. 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 v~ry 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. Jn 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 various - 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, 
p. 49)· 

" 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, a~d 
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, put 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 e-xistence inevitably 
follows from the high rate at which all 
organic beings tend to increase. Every 
being which during -its natural lifetime 
produces several . eggs or seeds must 
suffer destruction during some period of 
its life, and during some season or occa­
&ional year ; otherwise, on the principle 
of geometrical increase, its numbers 
would quickly become :oo inordinately 
t,'Teat 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. so).-

" There is no exception to the rule 
that every organic being na,t-qrally in· 
creases 'at so high a rate 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 
l,iterally not be standing-room for his 
progeny. . . 

" Linnreus has calculated that if an 
almual plant produced only two seeds­
and there is no plant so unproductive as 
this-and their seedlings next -year pro­
duced two, ana 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 . as~ume that it begins 
breeding when it is thirty years old, and 
goes on breeding till ninety years- otd, 
bringing forth six young in the interval, 
and surviving till one hundred years old, 
If this be so, after a. period of from 7 40 
to 7 so years there would be nearly nine: 
teen million elephants alive, des~ended 
from the first pair. ' · 

" Still more striking is the evidence 
from our domestic animals of many 
kinds which have run wild in several 
parts of the world. If the statements of 
the rate of increase of slow-br~eding 
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 riow 
the commonest over. the wide plains of 
La Plata, clothing square leagues of 

D 
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·surface ~!most 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. sz). 

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 generation or 
-at recurrent intervals. 

" Seedlings, also, are destroyed in vast 
numbers by various ·enemies ; for in­
stance, on a piece of ground three feet 
-long 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 
O'\lt 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 l;ly quadrupeds 
-be let ·to grow, the more vigorous 

· plants kill the less vigorou~, 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 being allowed to 
grow up freely. 

" The amount of food for each species 

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" 
(p. 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 iny 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 circumstances, increases inor­
dinalely 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 bf the struggle for 
life. But even some of these so-called 
epidemics appear to . be due to parasitic 
·worms, which have from some cause, 
possibly 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 struggJ.e together 
in the same country. I will give only a 
single instance, which, though a simple 
one, interested me. In Staffordshire, on 
the estate of a relation, where I had 
ample means of investigation, there was 
a large and extremely barren heath, which 
had never been touched by the hand 
of man; but several hundred acres of 
exactly the same nature had been 
enclosed twenty-five years previously and 
planted with Scotch· fir. The change 
in the native vegetation of the planted 
part of the heath was most remarkable, 
more than is generally seen in passing 
from one quite different soil to another ; 
not only the proportional numbers of 
the heath-plants were wholly changed, 
but twelve species of plants (not 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 an 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 

the stems of the heath, I found a multi­
tude of seedlings and small trees which 
had been perpetually browsed down 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 jt for 
food. 

-~' 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. 

"I find from experi~ents_ that humble­
bees are almost indispensable to the · 
fertilisation .. of the lieartsease ( Viola _ 
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 ( Tnfolium . 
repens) yielded 2,290 seeds, but twenty . 
other heads, protected from bees, pro­
duced not one. Again, Ioo heads of red. 
clover (T. pratense) produced· 2,7oo · 
seeds, but the same number ofprotected · 
heads produced not a single .seed._ 
Humble-bees alone visit red clover, as 
other bees cannot reach the nectar. 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 wing-petals. · 
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 ;l.nd 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. 

"\Vhen .we look at the plants and 
bushes clothing an entangled bank; .we 

. are tempted to attribute their proportional 
'numbers and kinds ·to what we call 
~ chance. . )3ut how false a view is . this ! 

Everyone has _ heard that, when an 
American _ forest is cut down, ·a very 
different vegetation spring!i 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 
diversity and proportion of kinds as iu 
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 
insec;t and insect-between insects, snails, 
and other animals with birds and beasts 

-of prey.::.......all . striving to increase, all_ 
feeding on each other, or on the trees, 
their seeds and. seedlings, or on the other 

. plants which first clothed the ground, and 

. thus· checked tl:ie 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 growing on the old Indian . 
ruins r 

J 

"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. 
...... To 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. _ 

" We 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 one species 9f 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. Jn Australia 
the~imported hive-bee is rapidly exter­
minating the smal~ stingless native bee " 
(pp. 54. ss. s6, s1. ss). - - · 

"A corollafy of the highest importance 
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 residenc~, or from which it has 
to escape, or on which it preys " (p. 6o ). 

"_It is 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 
as it is difficult to acquire. All that we 
can do is to keep steadily in mind that 
-each organic being is striving to increase 
ina g~:om~~ri~1 ~~~io; that each at some 
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period of its life, during some season of with the full belief that the war of nature -
the year, during each generation or at is not incessant, that no fear is felt, that 
intervals, has to struggle for life and to death is generally prompt, and that the 
suffer great destruction. When we reflect vigorous, the healthy, and .the happy 
on this struggle, we may console ourselves survive and multiply.".· 

CHAPTER VIII. 

NATURAL SELECTION 

THE lowest forms of life are so simple barriers are not fitted t9 grasp. easily the. 
that it may well seem hard to understand idea of the unity of nature and the one-
how the more perfect forms have arisen ness of ·the universe. _ ~- · 
from them. We find. bits of floating We ·have seen that variations occur~ 
jelly-like substance called protoplasm; not in every individual, but in thousands 
they are without any organs or structure ; of cases, due mainly to changes of . 
they take in food by closing round it. at environment. We also -know that no 
any part of their small bodies ; they power can reduce the environment of 
have no hollow cavity in which they living things on the earth to one.of same­
digest it, no nerves, no heart, no blood; ness and fixity. No criticism, no blind-· 
they are so simple that they produce ness, can deny this great law of variation 
offspring by dividing in two, and each in the world in which we live. - -
part lives as a separate being. - Further, for any one form that can_ 

We turn from this simplest form to the survive we see that a thousand forms 
highest orders of mammals with separate come · into existence, and that. living 
organs for all the chief functions of life ; organisms are · capable of producing 
with a heart to pump the blood through millions more forms than can possibly 
a vast network of arteries, veins~ and live. The chances of survival are limited; . 
capillaries; with a brain and nerves of the power to multiply new forms is 
the most complex order, acting with such . unlimited. So, clearly, of the millions 
rapidity that it seems instantaneous, of living things myriads must perish. 
receiving thousands of impressions from Now, is there any law or order in which-_ 
the outer world, storing them up· for they perish? Of a thousand offspring, 
years, forming out of them new com- where only a hundred can live, dq the 
binations, weaving them together into other nine hundred die by chance or by 
intellectual classifications and inferences, predestination, or is there some regulating 
or forming the beautiful pictures of imagi- force which surely and methodically picks 
native art. - · out the nine hundred which perish? · 

No wonder that men who have been To l::iegin with, familiar cases ·capable 
trained to believe that mind is something of easy demonstration_:_we know that · 
independent of matter find a difficulty in when a man enters business in a new 
understanding how the higher has evolved neighbourhood, if he fails to adapt him-· 
from the lower. Those accustomed to self to the needs of that neighbourhood, 
look on nature as partitioned off into his business comes to ruin. For instance, 
independent cltJ.sses by insurmountable in a 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 "3. Mohammedan and a 
Socialist, lie would die of starvation. He · 
must adapt himself or die. 

Again, if the younger son of a· peer 
by any chance found himself in a 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 ot die. 

Further, take any domestic animal and 
carry bini away to some new region, 
unlike in many respects to his old home, 

· if he cannot assimilate the food or bear 
the cli~ate of the new region, death will 
soon overtake him. He must adapt him­
self br die. 

Yet again, a number of animals may 
be living together in a pond or lake. If 
by ariy 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 perish in the new conditions to which 
they cannot adapt themselves, while the 
frog, with his newly-acquired structures, 
will 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 
into a putrid mass by one and the same 
unalterable law. 

Now, out of the millions of varieties 
.in organisms it is clear that some would 
'Qe 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 Su1vival of the Fittest 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 the 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 individual 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 comprehensive 
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 ligure of any known machine. 

To such few elements are reduced the 
forces of almighty power which bind life 
into one,· ani:l 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 nor prevent their 
occurrence ; he cari 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; they 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 
some slight physical change-for instance, 
of climate. The proportional numbers 
of its inhabitants will almost immediately 
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 c~rtainly 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 have 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 Selectiort by 
affording a better chance of the occur­
rence of profitable variations. Unless 
such· occur, Nat ural Selection can do 
nothing. Under the term of' variations,' 
it must never be forgotten. 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 ~re good; silently and insen­
sibly working, whenever and wherever 
opporlu11ify 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 wi,nter, 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." \Ve know-that the colour of 
the hogs which feed on the "paint-root" 

_ in Virginia determines whether they shall 
live or die. "In plants the 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 attacks 
· yellow-fleshed peaches far more than 

those ·with other coloured flesh." · 
These seem but slight differences, yet 

"assuredly in a state of nature, 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 yello;w -or purple fruit; should 
succeed." _ 
- 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 
structure 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 \vhol~ community, 
if the community profit by !he selec~ed 
·change.- \Vhat 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 natural history, I 
cannot find one case which will bear 
investigation. A structure used only 
once m an animal's life, if of high 
importance 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 full-grown 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 oft-recurring 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 
one-fifth of the guillemots in the Faroe 
Islands <;onsists 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. 7 2 ). -

In order to avoid any misunderstand­
ing of this doctrine of "Natural Selec­
tion," I give a summary of Mr. Alfred 
Russel Wallace's QUtline 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 ~l 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 
is 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 f.ood 
scarce, and bringing an immigration of 
some other animals ti) 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. Our supposed perfect animal -
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-they still manage to catch food 
enough ; some are hardier and more 
thickly furred-they manage in the cold 
nights to keep wa,rm enough; the slow, 

the weak, and the thinly clad soon die 
off. Again 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 'can only be -by asserting­
that, in such a case as I have supposed, 
the strong, the healthy, the swift, the 
well-clad, the well-organised animals, in· 
every respect have no advantage ~>Ver­
da not on the average live longer than­
the weak, the unheallhy, 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' 
seletted portion of each sucs:eeding 
generation will, therefore, be stronger, 
swifter, and more thickl}r •furred than. 
the last ; and i£ this process goes on for 
thousands of generations, our animal will 
have again become thoroughly in 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 iJJso 
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 interesting 
cases. - · · 

" Grant, therefore, the premises-1st, 
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 the&ry of 'Natural 
Selection,' which explains the changes in 
the organic world as being parallel with, 
and in .part dependent on, thos.e in the 

, inorganic" (Essays on Natural Seleclz"on, 
pp. 307-311). 

"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 ol eliminating something 
injurious from the sap. This is effected, 
for instance, by glands at the base of the 
stipules in some Leguminosre, and at the 
backs of the leaves 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 
mdividuals 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. 'Ye 
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 an~hers, 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 full-sized 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 thal it 
would be advantageous to a plant to prq­
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 
insects. We may suppose the plant, of 
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 individuals would be able to 
obtain their food more quickly than 
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 (Trifolium 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 dover, 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 to the hive-bee. That 
this nectar is much liked by the hive-bee 
is certain, for I have repeatedly seen, but 
only in the auturn:n, • many · hive-bees 
sucking the flowers through holes bitten 
in the base of the tubes by huml;>le-bees. 
The difference in the length of the corolla 
in the two kinds of clover-, which deter­
mines the visits of th~ hive-bee, must be 
very trifling; for I have been assureg 
that, when red clover has been mown, 
the flowers of the second crop an'; s·maller, 
and that these are visit~d 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, arid which freely_ 
crosses with .it, is able t6 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 hi:ve-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 a 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 surrounding districts will also be pre­
_individuals whicl) presented slight devia- vented." 

_ tions of structure mutually favourable to "Although isolation is of great impor-
each other" (ibid, pp. 73, 74. and 75). tance in the production of new species, 

Circumstances favourable for the pro- on the whole I am inclined to believe 
duclt'on of new for.ms through ·Natural . that largeness of area is still more impor-

. Selection. - tant, · especially for the production of 
:-•• This is an exkemely intricate subject. species which shall prove capable of 

· A great amount of variability, under enduring for a· long period, and of 
which term individual. differences are spreading widely. Throughout a great 
always included, will evidently be and open area,. not only will there be a 
favourable.- A large number of indi- better chance of favourable variations 
viduals, by giving a better chance within arising from the large number of indi­
any given period. for the appearance of viduals of the same· species there sup­
profitable variations; will compensate for ported, but the conditions of life are 
a lesser_-amount of variability in each ~uch more complex from the large 
individual, and is, I·· believe, a highly number of already existing species; and 
important element of success. Though if some of these many species become 
Nature grants long periods of time for modified and improved, others will have 

. the work of Natural Selection; she does to be improved in- a corresponding,, 
· not gra.Qt an indefinite period ; for as all. degree, or they will be exterminated. 
organic beings are striving to seize on Each new form also, as soon as it has 
each -place in the economy of "nat11re, if been much improved, will be able to 
any one sp~cies dqes not become modi- spread over_ the open and continuous 
fied and improved' in a- corresponding area, and will thus come into competition 
degree with: its competitors, it will be with ·many other forms. Moreover, 
exterminated. U.nless favourable varia- great areas, though now continuous, 
iions be inherited by some at least of the will -often, owing to formeF oscillations of 

. offspring, not~g can be -effe~;ted by level; have existed in a broken condition, 
Nat!lral Selection. The tendency to so that the good effects of isolation will 
£eversion may often check or, prevent generally, to a certain extent, have 
the work ; but .as this tendency has not concurreQ.. Finally, I conclude that, 

~ prevented man from forming by selection although small isolated areas have been 
numerous domestic races, why should it in some respects highly favourable for -

· prevail agains~ Natural Selection?" (ibid, the. production of new species, yet that 
p. So). - the course of modification will generally 

. _ ·But when man selects for·some definite have been more rapid on large areas; 
·object, if. the individuals be . allowed and, what is more important,_ that th~ 
freely to inte_i:-cross, his work will fail. new forms produced on large areas, which 
- "Inter-crossing plays a very important already have been victorious over many 

·. parf il! n!l-ture by keeping the individuals competitors, will be those that will 
pf . the ·same species, or of the same spread most widely, and will give rise to 

- -variety, true and uniform in character.". the greatest nUQlber of new varieties and 
But : isolation modifies . this very species. They will thus play a more 

greatly. If the animals~Iive in a con- important part in the changing history 
fuied .area, say an island, "the organic of the organic world" (ibid, pp. 8z and 
and inorganic· conditions oL life will 83}. · 
generally -be almost uniform, so that This may help us to understand how it 
Natural Selection will tend to rriodify all is that the productions of a smaller conti­
the . varying individuals of the same nent like Australia disappear before those 
species in the· 'same manner. Inter- of the larger continents. Continental 
crossing with the inhabitants of the productions seem to have taken refuge 
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on islands because on them the race for ' modification of the old inhabitants; 
life will have been less severe, and there and time will have been allowed for 
will have been less modification and less the varieties in each to become well 
extermination. _ Hence we can under- modified and perfected. When; by 
stand how it is that the flora of Madeira renewed elevation, the islands were 
resembles to a certain extent the extinct reconverted into a continental- area, 
tertiary flora of Europe. there will again have been very se~ere _ 

The same thing happens in fresh-water competition; the most favoured or im­
basins which are comparatively small: proved varieties will have been enabled 
the competition has been less severe, and to spread; there will have been much 
new forms have been more slowly pro- extinction of· the less improved forms, 
duced, old forms more slowly extermi- and the relatively proportional numbers 
nated. ' of the various inhabitants of the re-united 

It is in fresh-water basins that we find -continent will again have been changed; 
seven kinds of ganoid fishes, remnants of and again there will have been a fair field 
a once preponderant order; in fresh water for ·Natural Selection to improve-- the 
we find some of the most irregular forms inhabitants, and thus to ·produce new 
now known in the. world, as the ornitho- species. - - _ -
rhyncus. (see Fig. 6) and lepidosiren, "ThatNaturalSelectioogenerallya_cts. 
which, like fossils, connect to a certain with extreme slowness I fully admit; It 
extent orders at present widely severed. .can act only when there are places in 
"These anomalous forms may Be called the natural polity of a district which can 
living fossils; they h:we endured to the be better occupied by the modification 
prese.nt day, from having inhabited a of some of its existing inhabitants. The 
confined area, and from having been occurrence of such places- will often 
exposed to less varied, and therefore less depend on physical. changes, .which _ 
severe, competition." generally take place very slowly, and_ on 

"To sum up, as far as the extreme the immigration of better adapted forms 
intricacy of the subject permits, the cir- being prevented. As some few of the 
cumstances favourable and unfavourable old inhabitants become modified, the 
for the production of new species through mutual relations of -others will often be­
Natural Selection. _ I conclude that for disturbed, and this will create new places, 
terrestrial productions a large continental ready to be filled up by better adapted 
area, which has undergone many oscilla- forms. But all this will take place -very 
tions of _level, will have been the most slowly. Although all the individuals of 
favourable for the production of many the same species differ in· some slight 
new forms of life, fitted to endure for a degree from each other, it would often 
long time and to spread widely. While be long before differences of the right , 
the area existed as a continent, the nature in various parts of the organisa­
inhabitants ·will have been numerous tion might occur. The 'result would 
in individuals and in kinds, and will have often be greatly retarded by the free ' 
been subjected to severe competition. inter-crossing. Many. will exclaim that 
When converted by subsidence into these several causes are ·amply sufficient _ 
large separate islands, there will still ro neutralise the power of Natural 
have existed many individuals of the same Selection. I do not believe so. But I 
species on each island; inter:Crossing on do believe that Natural Selection will 
the confines of the range of each new generally act very slowly, only at long 
species will have been checked~ after intervals or time, and only on a few 
physical changes of any kind, immigra- inhabitants of the same region. I 
tion will have been prevented, so that further believe that these slow, inter­
new places in the polity of each island mittent results accord well with what 
will have had to be filled up by the 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 selection 
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 eftected in the 
long course of time through nature's 
power of selection ; that is, by the 
surviv!Ll of the fittest " (ibid, pp. 84 and 
8s). . 

Extinction caused by Natural Selection. 
"Natural Selection acts solely through 

the preservation of variations in some 
way advantageous, which consequently 
endure. Owipg to the high geometrical 
rate 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 rhe common 

· and diffused species which offer the 
· greatest number of recorded varieties. 
It 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 
tG exterminate them. 
. " \V e 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 York­
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' " (ibtd, 
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 habitual 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 widely 
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 n6r very strong, 
would not have been usea for breeding, 
and will thus have tended to disappear. 
Here, then, we see in man's productions 
the action of what _!Day 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 " 
(ibid, 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 
enabled to seize on many and Widely 
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 takeri as demon­
strated. We may fQrm 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. 

CHAPTER 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 -.to 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 vegetable1 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 bet(er 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 need of these two postulates. 

"But one great service .that has been 
rendered by Mr. Darwin to th·e 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 other is 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 1!-t 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 certain; 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 IUld. 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 for!D 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, OI\ the contrary, the conditions 
are such as to be more favourable to a 
derived. than to the parent ·form, the 

. paren~ form -will be extirpated and the 
aerived form will take its place. In the­
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" (Lectures and Essays, p. 24). 

· 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 her 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 
humorous 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 
iea.St 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 discoveries 
made during the la.St half centUry have 
temoved many old difficulties and have 
not created new ones. 

So that now the difficulties are really 
much less than when Darwin published 
bis 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, fatal 
to the theory." 

~' These difficulties 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 
l1aving, for instance, the structure and 
habits of a bat could h~ve 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?" ( Ort"gin of Spedes, 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 preseFves 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 tbe other less favoured forms. 
Extinction and Natural Selection go 
hand in hand. We cannot too often 
repeat this truth, ior 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 transiti9nal 
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 m,ost perfect 
beings, we see, have only deyeloped 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 this. 
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 va.St 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 
nqthing compared with the number of 
generations which must have passed 
away even during a single [_ormation. 

It is clear that, in any case, creatures 
composed of soft or delicate substance 
could hardly be expected to survive in 
the conditions necessary for the forrna- . · 

. tion of rocks. _ For instance, it seems 
well established that a subsidence of the 
earth is almost necessary f9r 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 betw~;eri 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, I look at the geological record as 
a history of the world imperfectly kept,. 
and written in a chapging 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 o(. 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, 
baving 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 sucl,J. impres­
sions are at this hour preserved on the 
shores of the . Bay of Fundy and else­
where. In these rocks are found foot-

. prirrts that represent the tracli: 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 Qther of the three-toed 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 differel}l: kinds have been dis­
covered, and they cover vast areas. But, 
up to the J>resent 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 s~eleton 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 
anima! 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 Es.says, 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 who!e world 
of life is not a chaos of varymg and 
intermediate links? 
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Darwin points out that there are many 
r~asons which would prevent this confu­
swn. 

I. Because new varieties are very 
slowly formed, for variation is a slow 
process, and Nat ural Selection can do 
nothing till the favourable variation 
9ccurs._ 

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 woufd expose them to a 
severe struggle for life with the more 
fixed forms, and this would lead to their 
being~destroyed. 

4· Looking 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 I 
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 plains at the 
base ; and that the inhabitants are all 
trying 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 
holders 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 originally 
existed in great numbers, will come_ into 
close contact with each other, without 
the interposition of the supplanted inter­
mediate hill-variety " (p. I 3 7 ). 

" If about a dozen genera of birds 
were tG become extinct, who would have 
ventured to surmise tha,t; 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 ostrich ; 
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 o( 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. I 40 ). 

·II. We must now turn tQ Darwin's 
second difficulty-namely, the develop­
ment of orgaris 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, 
I 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 throwing it off, give it the nerves endowed with this special senst· 
- appearance almost of some living, intel- bility. -

ligent animal .. · By slow degrees, by "In searching for the gradations 
many attempts, by making many and through which an organ in any species 
small improvements, such mechanical has been perfected, we ought to look 
wonders have become the servants of exclusively to its lineal progenitors ; but 
man. - Probably we could no more show this is scarcely ever possible, and we are 
all the steps in the evolution of such a forced to look to other species and genera 
machine than we can prodl}ce all the of the same group ; that is, to the colla­
steps in the evolution of man from the teral descendants from the same parent 
lowest vertebrate animal. form, in order to see what gradations are 

In such cases we should fix our atten- possible, and for the chance of some 
tion on the steps. To ask. a rruin to gradations having been transmitted in an 
jump from the ground to a third story unaltered ·or little altered condition. 
window seems absurd enough, yet by a But the state · of the same organ in 
little contrivance called a ladder, with distinct classes may -incidentally throw 

_steps a foot apart, the average man could light on the steps by which it has been 
reach the third story · easily. It is, perfected. -

· therefore, quite unfair to take some -.. The simplest organ which can be 
well-developed ·organ, · such as' the eye, called an eye consists of an optic nerve 

·and begin to stumble around its wonders surrounded by pigment-cells and covered 
-in blind adoration as if it had grown in by translucent skin, but without any lens 
a single night, and was therefore a marvel or other refractive body. We. may, how­
bathed ib. mystery .. We must begin with ever, according to M. Jourdain, descend 
the simplest form of an· eye which we even a step lower, and find aggregates 
can· find, or with th~ simplest order of of pigment-cells, apparently serving as 
organism which _can be affected by organs of vision, without any nerves, 
light.- ' - . . and resting merely on sarcodic tissue . 
. ·_Darwin says : "Reason tells me that, Eyss of the above simple nature are not 
if . :numerous gradations from a simple capable of distinct vision, and serve only 
and imp¢ect eye to one complex and to distinguj.sh light from darkness. In 
perfect can be :shown _to exist, each certain star-fishes smalf depressions in 

·grade being useful to its possessor, ~ is the layer of pigment which surrounds 
certainly the case ; if, ~her; the eye the nerve are filled, as described by the 
varies and the variations ever be inherited, author just quoted, with transparent 
as is· likewise certainly the case ; and if gelatinous matter, projecting with a 

. such variations should be useful to any convex surface, .like the cornea in the 
animal under · changing conditions of higher animals. He suggests that this 
life,. then the _!]ifficulty of believing that serves not to form an image, but only to 

·a perfect and complex eye c;ould be concentrate the luminous rays and render 
formed by· Natural· Selection, though their perception more easy. ·In this con- · 
insuperable by. our. imagination, should centration of the rays we- gain the first . 
not be considered as subversive of the and by far the most important step 
theory~ ·How a nerve comes to bC sen~ towards the formation of a true, picture­
sitive lo light hardly concerns us more forming eye; for we have only _to place 
than how life· itself originated; but I the naked extremity of the optic nerve, 
may remark. that; as !_lome of the lowest which in some of the lower animals lies 
organisms in .which nerves cannot be deeply buried in the body and in some 
detected are capable of perceiving light, near the surface, at the right distance 
it does not seem impossible that certain from the concentrating apparatus, and 
sensitive _elements, in their sarcode should J an im_ age ·will be found on it. . 
become aggregated and developed into " In the great class of the articulata 
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(arthropoda) we may start from an optic · Wallace has remarked, ''if a lens has·too 
nerve simply coated with pigment, the short or· too long a focus, it may he· 
latter sometimes forming a sort of pupi~ amended either -by an . alteration . of 
but destitute of a lens or other optical curvature or an alteration-of density; i.; · 
contrivance. With insects it is now the curvature be irregular and tP.e rays· 
known that the numerous facets on the do not converge fo · a ·point; ·then any 
cornea of their great compound eyes increased regularity of -curvature will be 
form true lenses, and that the cones an improvement.· So the contractim'l: 
include curiously modified nervous fila- of the iris and the muscular movements 
ments. But these organs in the articulata of the eye are neither ·of them essential · 
are so much diversified that Muller to vision, but only improvements which 
formerly made three main ·classes with might have been ad<;led ~d perfected at 
seven subdivisions, besides a fourth main any stage of the construction· of _the 
class of aggregated simple eyes. instrument.' Within. the h_ighest division-

"When we reflect on these facts, here of. the . animal kingdom-namely; the· 
given much too briefly, with respect to vertebrata_;_we can start from an eye so 
the wide, diversified, and graduated range simple that it consists, as in. the lancelet, 
of structure in the eyes of the lower of a little sack- of transparent skin, 
animals, and when we bea~:: in mind how furnished with a nerve and lined with 
small the number of all living -forms pigment, but destitute . of. an:y: ~?!her 
must be in comparison with those which apparatus. In fishes and reptiles, as 

_have become extinct, the difficulty ceases Owen has remarked, 'the range of grada­
to be very great in believing that Natural tions of dioptric structures is very great.' • 

. Selectio!l may have converted the simple It is a significant fact that even in-.man, 
apparatus of an optic nerve, coated with according. to the high authority . of 
pigment and- invested by transparent · Virc]10w, the beautiful· crystalline~ le~ 
membrane, into an-optical instrument as is formed in the' embryo by an accumu­
perfect as is possessed by any_member lation of epidermic cells, lying in a. sack­
of the articulate class. like fold of the skin ; and the vitreous 

"He who will go thus far ought not to body is ·formed from embryonic sub­
hesitate to go one step .further, if he cutaneous tissue: . To arrive, however, at 
finds, on finishing this volume, that large- a just conclusion regarding the formation 
bodies of facts, otherwise inexplicable, of the eye, with· all its marvellous yet 
can be explained by the theory of modi- not absolutely- perfect characters, it is 
fication through Natural Selection; he indispensable that • the reason should 
ought to admit that a structure even as conquer the imagination; but I have felt 
perfect as an eagle's eye might thus be the difficulty far too lceenfy to be surprised 
formed, although in this case he does at others hesitating to. extend the · prin- ~ 
not know the transi.tional stages. It has ciple of Natural Selection to so startling 
been objected that, in order to modify a length" (Origin of Species, pp. I43-I46). 
the eye and still preserve it as' a perfect While dealing with the eye it may be 
instrument, many changes would have to well to refer to another sort of difficulty. 
be effected simultaneously, which, it is I have· met with this kind of objection. 
assumed, could not be done through The cuttle-fish is a low order of animal, 
Natural Selection; but, as I have and yet it has an eye all11.05t as well 
attempted to show in my ·work on the developed as the ve1tebrate. -How can 
variation of domestic animals, it is not this be if man ruis come through the 
necessary to suppose that the modifica- lower forms? 
tions were all simultaneous, if they were Or, again, Mr. Mivatt raised a great, 
extremely slight and graduaL Different difficulty of this sort from -another point 
kinds of modification would also serve of view, for he maintained that, where 
for the same general purpose. As Mr. 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 
·or transparent tissue, and must include 
some sort of l~ns for throwing an image 
at the back t>f a darkened chamber. 
Beyond this superficial resemblance there 
is hardly any real similarity between the 
eyes of cuttle-fish 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 co,nsists of two parts, placed one 

• behind the. other like two lenses, both 
having a. very differe~t 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 mtiscles 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. · -It 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 
o.f formation. A$ two men have some-

. times independently hit on the same 
invention, so . in· 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. 1 51 and 
I 52). 

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 branchia: 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 
partiti9ns, and having a ductus pneu­
maticus for the supply of air. To give 
another instance from the ·vegetable 
kingdom : plants climb by thre~ distinct 
means, by 6pirally twining, by clasping a 
support with their sensitive tendrils, and 
by the em1ssion of p.erial rootlets ; these 
three means are usually found in distinct 
groups, but some few species exhibit 
two of the means, 'or even all three, 
combined in the same individual. In 
all such ~s 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 ~rgan might be modified for some 
other and quite distinct purpose, or be 
wholly obliterated. ·. -

"The illustration of- the swimbladder 
in fishes is a good one, because it shows 
us clearly the highly important fact that 
an organ originally constructed for one 
purpose-=namely, flotation-may be con- ' 
verted mto one for a widely different 
purpose - Iia.mely, respiration. The 
swimbladder has also been worked in as 
an accessory to the auditory organs of 
certain fishes. All physiologists admit 
that the swimbladdet is homologous, or 
'ideally similar' iri position and structure 
with the lungs of the higher 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 branchire have 
wholly disappeared ; but in the embryo · 
the slits on the sides of the neck and 
the loop-like course o( the arteries still 
mark their former position. :But it is 
conceivable that the now utterly lost 
branchire might have been gradually 

. worked in by Natural Selection for some 
distinct purpose ; for· instance, Land oil) 
has shown that the wings of insects are 
developed from the trachere; 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. 

III. Instinct. 
Nothing could show more clearly 

Darwin's power of self-criticism, and of 
fairly judging difficulties agair>st 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 

mentai faculties in animals of the same 
class. ' · 

"I 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 h!!r 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. But I could show that none. 
of these characters are universaL · A 
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 comparP.d 
instinct with h~bit. · This comparison 
gives, I think, an accurate notion of the 
frame olmind under which an instinctive 
action is performed, but not nec~ssarily 
of its origin. How unconsciously many 
habitual actions are performed, indeed 
not rarely in direct opposition to · our 
conscious will ! Yet they may be modi­
fied by the will or reason. · Habits easily 
become associated witl} other habits, with 
certain periods of time, and states of the 
body.' When once acquired, they often 
remain constant through life" (p. 205). 

" 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. If 
Mozart, instead of playing the pianoforte 
at three years old with wonderfully little 
practice, had }1layed 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 
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then transmitted by inheritance to sue- for instance, when cultivated at a window 
ceeding generations. It can be clearly ~bend their tip towards the window 
shown that the most wonderful instincts until the tip of the stem is in the direc­
with which we are acquainted-namely, tion of the rays of light. The tip then 
those of the hh·e-bee and of many ants c;ontinues to grow in the direction of the 
~--could_ not possiblY. have been acquired rays. We call this dependence of orien­
l;>y habit" (p. ~2o6). _ tation on light, heliotropism. We speak 

_ These passages have a great historical of positive heliotropism when the organ 
interest quite apart from the doctrine of bends towards the source of light, of -
Evolution. They show the cloudy meta- ·negative· heliotropism when the organ 
physiCs which then hung around the bends away from it. It is generally 
whole question of instincL In conse~ assumed that the light has a chemical 
quence of this , metaphysical puzzle, effect in these cases."_ 
Darwin's task of dealing with instinct wa.o; " It has been known for a long time 
rendered yastly harder than it reall}' is. that many animals are attracted by the 

He has; however, given many wonder- light and fly into the flame. This was 
ful instances of the instincts of bees and considered a special instinct. It was 
li.Ilts, and~ conduded that they do not said that these animals loved the light, that 
present any difficulty fatal to the theory curiosity drove them into it. I have shown 
of Natural Selection. in a series of articles, the first of which 
~We need not now follow all these appeared in January, 1888, that all these 

details, as much light .has been~ thrown actions are only instances of those phe-
- on· the whole question by investigation nomena which were known in plants as 
since, and notably by Professor Loeb. heliotropism. It was possible to show 
This eminent discoveter in other realms· that the heliotropism of animals agreed 
of biology has' simplified the whole ques- in every point with that of plants. If a 
tion of instinct to a remarkable degree. moth be struck by the light on. one 
He fihs shown that many ~nstincts are ~o side, those muscles which tum the head 
longer to be ·classified with ·~mental toward the light become more active 
powers," and that. their origin is in no than those pf the opposite side, and 
way ·connected with habit. correspondingly the head of the animal 

He has established the fact that many is turned toward the source of light. As 
instincts ·are merely cases of simple soon as the head of the animal has this 
reflex action, and are to be explained by . orientation and the median-plane (or plane 
chemistry and physicS. · of symmetry) comes into the direction of 

The Professor· shall explain himself (I the rays of light, the symmetrical points 
quote fro~· his book,· Physiology ·of the of the surface of the body are struck by 
Brain) ;..,.:... . .; the rays of light at the same angle. The 
· " The discrimination between reflex. intensity of light is the same on both 
-action and instinctive -action is chiefly sides, and there is no more reason why 
conventional In bQth cases we have to the .animal should tum to the right or 
deal with reactions to extema.f stimuli or left, away from the direction of the rays 
conditions. But while we speak of reflex of light. ThJ.!S it is led to the source of 
actions when only a single organ or a the light. Animals that move rapidly 
group· of organs react to an external (like the moth) get into the flame before 
stimulus, we generally speak of instincts the heat of the flame has time to check 
when the animal as a whole reacts; In them in their flight. Animals that move 

. such cases the reactions of the animal, slowly are affected by the increasing heat 
although unconscious, seem often to be as they approach the flame ; the high 
directed towards a certain end" (p. 177 ). temperature checks their progressive 

·"The reader knows that certain plants, movement, and they walk or fly slmyly 
when ~xposed to the light on one side- about · the · flame. The more refractive . 
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rays are the most effective in animals, just 
as in plants." · · 

Hence the "instinct" that drives 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 median-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 
nen·ous system, therefore I believe that 
it is impossible for fhe heliotropic reac­
tions of animals to depend upon specific 
structures of the central nervous_ system. 
lt 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 explanations prove 
to be final, and if they can be extended 
to all animal 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 
oi sterile females in insect communities"· 
may receive a much simpler explanation 
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 saying it is a chemicar 
difference. · 

Geddes and · Thompso~ in their 
remarkable book on The Evolution of 
Sex, p. 43, say :::.- _ - · 

" 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 between 
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. 1 These at"e 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 ~mall and large 
females, the future queens are born. 
The above facts not only afford an 
interesting corroboration of the influence 
of -nutrition upon sexuality, but are of 
importance as suggesting the origin of 
the more highly specialised, society of 
the hive-bee." 

· IV. Darwin's fourth great difficulty 
was hybridism: · 

This difficulty has acquired all _the 
· more importance because of Professor 

Huxley's extreme caution on the matter. 
· He was justly afraid of over-stating the 
case, and he ·may ,have . erred on· the 
other side. 
- In Man's Place in Nature hesays :-

" In _addition to these structural dis­
tinctions, the species of animals and 
plants, or at least a great number of 
them, exhibit physiological characters­
what are known as distinct species. 
structurally, being for the most part 
either ·altogether incompetent to breed 

-one with another; or, if they breed, the 
resulting. mule, or hybrid, is unable to 
perpetuate its race with another hybrid 
of the same. kind. · 

I" A true physical cause is, however, 
admitted to be such only on one condi­
tion, that it shall account for all the 
phenbmena which come . within the 
range of its operation. If it .is incon­
sistent with ·any one, phenomenon, it 
musf ,be rejected; if it fails to explain 

· any :one phenomenon, it is so far weak, 
so far to be suspected, though it may 
.have a perfect right to claim pr"visional 
acceptance .... ·~. . - ~ 

· - " Our acceptance of the Darwinian 
hypothesis must be provisional,' so long 
as one link in the chain of ·evidence is 
wanting ; and so long as all the animals 
and plants, certainly produced by selec-

tive breeding from a common stock, are 
fertile, and their progeny are fertile with 
one another, that link will be wanting. 
For, so long, selective breeding will not 
be proved to be competent to do all that 
is _required of it to produce natural 
specie,s" (pp. 148 and 149). · 
. " In justice to Mr. Darwin, however, 
it must be admitted that the conditions 
of fertility and sterility are very ill 
understood, and that every day's advance 
in knowledge leads us to regard the 
hiatus in his evidence as of less and less 
importance when set against the multi­
tude of facts which harmonise with, or 
receive an explanation from, 'his doc­
trines" (p. 150), 

But, lest this caution of Huxley's 
should be quoted unfairly against him, I 
add that he was one of the most 
thorough-going Evolutionists England 
has had, as this passage, in the book 
quoted, clearly shows :--:- _ · 
, "But even leaving Mr. Darwin's views 

aside, the whole analogy of natural 
operations furnishes so complete and 
crushing an argument against the inter­
vention of any but what are termed 
secondary causes in the production of 
all the phenomena of the universe that, 
in view of the intimate relations between 
man and the rest of the living world, and 
between the· forces exerted by the latter 
and all other forces, I can see no excuse 
for doubting that all are co-ordinated 
terms of nature's great progression from 
the formless to the formed-from the 
inorganic to the organic-from blind 
force to conscious intellect and will " 
(p. 151). . 

Now let us squarely face this difficulty. 
Huxley himself has answered one half 

of it in the above quotations : " The 
conditions of fertility and sterility are 
very ill understood, and every day's 
advance in knowledge leads us to regard 
the hiatus in Darwin's evidence as of less 
and less importance." 

Now, if th_e cause of sterility in hybrids 
is the result of merely ·crossing two 
different species, . then in every case 
where two distinct species are crossed 
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there should either be no offspring, or 
these offspring should be sterile. 

But such is not the case. 
I find, on inquiry of one . of the 

greatest authorities, "there are plenty of 
species that'wil! cross, but, as you say, 
the offspring is often unfertile." 

This clearly shows that crossing of 
species is not always impossible, and 
that their 'offspring are pot always sterile. 

So we must look for some other cause 
of sterile offspring besides the mere fact 
of crossing species, as this does not 
always produce that result. 

Truly the hiatus in "Darwin's evidence 
is of less and less importance." 

The second half of the difficulty 
emphasised by Huxley is that "animals 
and plants certainly produced by selec­
tive breeding, from a common stock, are 
fertile, and their progeny are fertile, with 
one another." 

In considering this point, there is one 
element, alone which may go far to 

explain it ; that is, the enormous time 
which it has taken to produce. our old, 
clearly marked species. Cpmpared with 
this, the selective power of man·. during 
a few generations is but an act of 
yesterday. . · . . 

Before we can determine whether the , 
selective power of man_ is able to produce ' 
varieties which shall become distinct · 
species in the sense now under con­
sideration, it would be necessary for the 
selection to be in operation probably 
for some thousands of years. So we can 
only say tha~ no opportunity has yet 
been given for man's selective power to 
be tried by this test. 

Even under these few general con~ · 
siderations the difficulty does ·not seem 
serious, and those who wish to pursue 
the subject further can find much infor­
mation in The Origin of Species, and in a 
memoir in the Entomologist, xgoo-xgox, 
entitled " Synopsis of Experiments on 
Hybridisation," etc., by Dr. Standfuss. 

CHAPTER X. 

FACTS WHICH ONLY EVOLUTION CAN EXPLAIN 

IN this chapter I must depart from a 
strictly scientific examination, and state 
the case from a more aggressive point of 
view. As I have considered some of the 
chief difficulties in the way of accepting 
the doctrine of Evolution and of Natural 
Selection, it is only right to point out the 
difficulties by which we are met if we do 
not accept this doctrine. To do so it 
will be necessary to cover again some of 
the ground over which we have already 
travelled. But if this method brings out 
more clearly the evidence in favour of 
Evolution, it will not be time lost. 

According to the great doctrine that 
all existing forms of life have come, by 
slow and gradual changes, from simpler 
forms, we should expect the present 
forms to yield unmistakable evidence of 
their kinship with older and simpler 
forms-those still existing and those 
which are extinct. 

If, on the other hand, speCies were 
separately created, there appears to be 
no necessary reason why they should 
have been connected in structure. 

Nay, more, it would then be impossible 
to imagine why the higher and the more 
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perfect forms of life should have so 
many points in common with the lower 
living things.. . · · 

It is .well known that all living things, 
both ·vegetable and anima~ fall into 
groups. - Now, if these groups or species 
were entirgly severed fro~~! each other, 
then we might suppose that they origi­
nated separately. Or, if any one group 
of creatures suddenly showed an abso­
lutely new plan of arrangement in form, 
or mode of life, or method. of reproduc­
tion, this group would present a difficulty 
fatal to the doctrine of Evolution. 

Again, if species : were separately 
created, there must have been many 
manifestatio~ of. this _creative .energy, 
for IJlilllY species have become extinct 
and new species have taken their places. 
But here. we find another marve~ for the 
new species show a striking _likeness to 
the extinct species~ .Are we to suppose 
that the power to create requires practice 
in order to prod~ce superior species. and 

-that the earliest species were failures, 
and therefore destroyed when ·there had 
been discovered a method of making 
new and better ones ? . 

I doubt if. anyone. ~ould . imagine a 
c1isjointed world-a_world the inhabitants 
of which would not fall into groups. It 
would be a state of confusion worse 
than_ the nightmare of a savage. We 
are .so familiar wit}) the different groups 
of plants and animals that we forget the 

-great lesson . which they teach, for from 
. them we get the first indicatimi that the 

families of· the earth have a common 
parentage.. . r-

As Darwin observes (Origin of 
Species, p. 305) :. "On the theory of 
descent -with . modification, the main 
facts with respect to the mutual affinities 
of the extinct forms of· life to each other 
and to living forms are explained in a 
satisfactory mann~r. '.And they are wholly 
inexplicable ori any"other::-view." 

If we think of it,- it surely is a great 
_ marvel that all living· things, plants and 

animals, ·are chiefly .made. up of small 
cells of the sa~e substance-protoplasm. 
They ·all fall into two large groups, for 

they consist either of a single cell or of 
many cells. Those low forms of a single 
cell are called unicellular ; those forms 
of more than one cell are called multi. 
cellular. Now, if there is no connection 
between all these groups, why should 
they all be built up of the same sub­
stance, protoplasm, and why should they 
all be formed of small cells of proto-
plasm?, . 

Still greater is the difficulty presented 
by the fact that in their simplest forms 
it is sometimes impossible to tell whether 
these single cells are vegetable or animal. 
Had there been a design in nature to 
prevent proud Ignorance from wrapping 
itself in. a cloak of self-conceit, I can 
imagine no surer way of doing this than 
that all life should so blend into one 
·that it is impossible sometimes to tell a 
_plant from an animal. 

These connections cry aloud for an 
answer to . the man who denies that 
Evolution is the explanation of life as we 
see it. 

The same thing is manifest when we 
look at those animals which belong to 
two different groups, either at one and 
the same time or at different periods of 
their existence. · 

'Vhy should there be double-breathing 
fishes (the dipnoi}, animals with gills to 
breathe the air in the water, and also 
with lungs to breathe " our common 
air"? Why should the frog, a land 
animal, begin life in the water as a 
fish? . Why should the lancelet, the 
acorn-worm, and the ascidian seem, to 
the untrained observer, like invertebrates, 
and yet possess a structure (the noto­
chord) which is only found in the verte­
brates? 
· And why should these three groups of 
animals possess 11(}/ a fully-developed 
notochord, but only a beginning of one, 
if it · does not clearly show that the 
notochord slowly developed, as the 
Evolutionist would expect of this or any 
other organ? 

If the vertebrates were separately 
created, why do these three lowest forms 
of this family possess every invertebrate 



FACTS WHICH ONLY EVOLUTION CAN.EXPLA/1\! . 93 

character but one ? Why should the 
world have been full of creeping things, 
without a backbone, for millions of 
years, before a vert_ebrate appeared, 
unless it be a fact that slowly and 
gradually the invertebrates developed 
into the higher order of vertebrates? 

To the man who believes in a special 
creation of each group of animals 
perhaps a still greater difficulty is pre­
sented by those parts, found in most 
animals, which are called rudiments. 
By rudiments we mean parts which, 
though they resemble well-known parts 
of other animals, yet never become 
developed so as to be of any use to the 
animals in which they are found. The 
man who holds that all the wonderful 
forms were specially created must surely 
believe in the wisdom of the Creator ; 
but what wisdom can there be in giving 
an animal some organ which always 
remains imperfect, and which is of no 
use to the animal ? · 

For instance, certain snakes have hind 
legs under their skins, so that they can 
never be well-grown or used. 
· Smooth-skinned amphibians have 
scales buned in their skin. 

The seal, which is a mammal con­
siderably modified to suit its life in the 
water, and which uses its feet mainly as 
paddles, has toes that still bear nails ; 
but the manatee, which is a much more 
changed mammal, has nailless paddles, 
which, when the skin is removed, are 
said by Humboldt to display rudimentary 
nails at the ends of the imbedded dig1ts. 

Nearly all birds are covered with 
developed feathers, severally composed 
of shaft-bearing fibres, each of· which 
again bears a fringe of down. But in 
. some birds, as in the ostrich, various 
stages may be traced which show that 
the growth of the feathers has been 
stopped, beginning with feathers usually 
elaborate at the tail, and ending with 
those about the beak, which are reduced 
to single hairs. In the apteryx we see 
the whole of the feathers reduced to a 
hair-like form. 

This list might be greatly enlarged, 

for, as Darwin says, "We have plenty of 
cases of rudimentary organs in our 
domestic productions, as the st\lmp of a 
tail in tailless breeds; the vestige of an 
ear in earless breeds, the reappearance 
of minute· dangling· horns, in hornless 
breeds of cattle." , 

·These and many such . rudiments 
remain an unanswerable difficulty to any 
man who ·maintains that 'Species weri 
separately created, and . that they -are 
unalterably fixed. - .: . . 

The Evolutionist can not only easily 
explain. them, but they are exactly what 
·he would expect.. If different species· 
have their origin in one and the same 
family group, he would expect that thou­
sands of years after they had separated, 
species widely differing from each other 
in their main characters would yet retain 
some marks of · the old family fr9m 
which they had.sprung. Now, will any 
person who denies the truth of Evolution 
give u~ a clear explanation of the presence 
of these useless rudiments ? . 

But the E'voltitionist has, if possible, a 
still str~nger witness to call-nay, rather 
a "cloud of witnesses," for their number· 
is vast. · .• . - . 

We have striking evidence, if we con­
sider the likeness between the different 
organs of the same animal, as well as 
between the same organ in_ different 
animals. -

One o( the most .instructive instances 
is furnished by the back-bone (the ~ 
vertebral column). Snakes, which move 
iri a winding fashion through· and over 
plants and sto11es, clearly need the back­
bone to be jointed from end to end ; and,. 
as the same kind of movement is required 
throughout the whole length of the body, 
there is an advantage in all the joints 
being fairly alike : the creature's move­
ments would be hindered if, instead of a 
chain of bones varying but little in their~ 
lengths, there existed in the · middle of 
the series some long bony mass that 
would not bend. 

But in most of the higher vertebrates 
the mechanical actions and reactions 
demand that, while some parts of the 
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back~bone shall easily bend, other parts 
shall not. At the lower part of this 
back-bone is a portion called the sacrum, 
to which the hind limbs are joined'; and 
it is _necessary tha,t this part shall not 
yield, in mammals and birds, because it 

. is the fulcrum which bears the greatest 
strain to which the skeleton is exposed. 

Now, in both mammals and birds this 
rigid part of the back-bone is not made 
of one long f!egment or vertebra, but of 
several segments fused together ; and in 
the ostrich tribe they number from seven­
teen: to twenty .. _Why is this? Why, if 
the· s¥leton of each species was sepa­
rately contrived, was this bony mass 
made by fusing together a number of 
joints like those formipg the rest of the 
back-bone, iristead of being made out of 
one single piece? "Oh," says one, "it 
was to preserve the same type or plan in 
all skeletons." 

Then why does the number of these 
joints _which are fused together vary 
within the same order of birds ? Why, 
too, should ' the . development of. the 
·sacrum take place . by this roundabout 
process, first makin~ _the joints separate 
and then destroying the separateness ? 

In ~e development of a bird or 
mammal,· along the line of. the back 
there is, at the outset, a kind of soft, 
continuous rod (the notochord). The 
segments which are to becom_e vertebrre 
arise gradually around this rod, at first 
joined on each side ; · they afterwards 
become separate pieces of bone forming 
the jointed back-bone, and that part of 
the spine which is to form the sacrum, 
having passed out of a state of unity into 
one of disunity by separating itself into 
segments, passes again into unity by 
joining these segments together. Why 
this process of doing and undoing and 
doing again ? 

If, originally,· the spine in vertebrate 
imi.mals consisted from head to tail of 
separate movable segments, as it does 
still in. fishes and some reptiles--if, in 
the evolution of the. higher vertebrates, 
certain of these movable segments were 
rendered less movable with respect to 

each othe~ by the mechanical conditions 
to which they are exposed, and at length 
became relatively immovable-one can 
understand why the sacrum, formed out 
of them, should continue ever after to 
show more or less clearly its originally­
segmented structure. But, on any other 
theory, this structure cannot be ex­
plained. 

"We see the same law in comparing 
the wonderfully complex jaws and legs 
in crustaceans," says Darwin, referring 
to the well-known fact that the many 
appendages on the sides, which in lower 
crustaceans usually serve as legs and 
have like shapes, are, in the higher 
crustaceans, some of them represented 
by enormously developed claws, and 
others by variously modified foot-jaws. 
(Crustaceans are a division of arthro­
poda with jointed legs, as crabs, lobsters, 
shrimps, wood-lice, etc.) 

Why should one crustacean, which 
has an extremely complex mouth formed 
of many parts, consequently always have 
fewer legs ; or, conversely, those with 
many legs have simpler mouths? 

To these and countless similar ques­
tions the theory of Evolution furnishes 
the only rational answer. 

We will take other facts which admit 
of no dispute, for they are independent 
of all opinion and all prejudice. I refer 
to the facts furnished by the growth of 
every animal before birth. The branch 
of science dealing with these facts is 
known as embryology. Eminent men 
of' science in every civilised country 
have made careful inquiries on this 
subject. Every sort of animal, in .all 
stages of its growth, has been examined, 
and an army of observers has given us 
the life-history of all the stages through 
which an average mammal passes in its 
gradual growth from a single cell of 
rh of an inch in diameter. 

·we know the two great laws which 
govern the growth of all animals. ~hey 
are called the law of heredity and the 
law of variation. By heredity there is a 
tendency for any peculiarity of either 
parent to be reproduced in the offspring, 
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and this peculiarity may be so fixed by 
ages of repetition that, in spite of 
hundreds of other changes, it will remain 
for thousands of generations, and show 
a man that he is descended from some 
ancestor which has been buried in the 
rocks millions of years. 

Just as the size, the form, the deeds 
of a young child tell the parent what he 
himself was once,, sb the forms of struc­
ture, the arrangements of parts, the 
stages of growth through which we all 
passed before birth, reveal what our 
parents were in th~ childhood of the 
world. · 

So, in tracing the history of any 
animal from its beginning as a single 
cell, we see in the changes of that cell 
the various forms which our early 
ancestors had as they struggled up to a 
more perfect organism. 

Every vertebrate animal begins in- the 
same way, as a single cell which divides 
into two, four, eight, !ixteen, thirty-two, 
etc., as the first stages of its growth. 
Now, we have evidence that the simplest 
forms of animal life begin as a single 
cell and divide into two. These two 
become two separate living creatures. 
And this process of the growth of verte­
brate animals takes us back to a time 
which may be counted by millions of 
years. The imagination of man fails to 
grasp it. Few can even dimly realise 
that distant dawn of life when a speck of 
jelly, which no eye saw or could have 

. seen, lay floating on the water of some 
warm sea. This cell rocked on the 
waves till it divided to form. two lives. 
Such was the beginning. Such is the 
bt;;.;rinning now of the animals. we see 
around us. Here is a life-history run­
ning through past ages of the earth, and 
binding into one all the forms of beauty 
and power which fill . the world with the 
pride of life. I consider this a fact of 
such immense grandeur that I know of 
no other which can rival it as a revelation 
of time and of the unity of life. 

In the growth of an ordinary mammal 
we have seen that the cell divides into 
two, four, eight, sixteen, thirty-two, and 

so on; till there is a inass of cells forming 
a small. solid body, like a mulberry, 
called at this stage· the morula. This 
morula stage, found in the sponge and. 
all animals above it in rank, is very like 
a pandorina (see Fig. 8), which is found. 
in pond water. Next, this morula passes 
into a hollow sphere, surrounded by a 
single layer of cells,. which afterwards 
becomes double. . · . 

But soon we come upon unmistak­
able traces of a more definite early 
history of man's ancestors. In the growth 
of every mammal, as of every human 
being, there appear five marks on. ·each 
side of the neck. These are the same as 
in a fish, and are called gill-slits, or,· 
better, gill-clefts. They soon disappear, 
and no trace of them is left even in a 
new-born babe. Connected with them 
are five pairs of arches, called the aortic 
arches. In the fish the~e small blood­
vessels carry the blood to the· gills in 
order to receive the oxygen which the . 
fish breathes in the water through its · 
gills. Now, if man does not come from 
an ancestor which was once a fish; or 
which passe4 through the fish stage, how· 
can we account for these aortic arches 
and thes!! traces of gill-clefts appearing 
in every man as well as in every mammal? 

_The arches disappear, the gill-clefts dis-
appear. If each species of mammal and 
the human race was. created separately,· 
why do they all pass through this stage? 
It is perfectly simple to understand it on 
the theory of Evolution; and we boldly 
challenge the world for any other sane 
explanation. 

In the lancelet, the small animal at the 
bottom of the vertebrate series, the eye 
consists of a little sac of transparent skin, 
furnished with a nerve and lined with 
pigment, but destitute of any other 
apparatus. Now, it is a wonderfully 
significant fact that, on the high autho­
rity of Virchow, the beautiful crystalline 
lens of man is formed in the embryo by· 
an accumulation of epidermic cells, lying 
in a sac-like fold of the skin. Those 
who think there is any difficulty in the 
evolution of the eye should ponder this 



96 .FACTS WHICH ONLY EVOLUTION CAN EXPLAIN 

fact, and explain these few cells in ·a 
sac by some other mean.S than evo­
lution. 

There is also another remarkable fact 
about the eye which they might explain 
at the same time. It is well known that 
"'·e all see objects wrong side up, or, in 
. more correct woras, an inverted image·of 
every. object is· thrown on the retina, 
owing to the refraction of the light caused 

· by its passing through the lens of the 
eye.c We do not notice that-the image 
is wrong . side up, because the brain 

· corrects this automatically. 
Now, if the eye was specially made for 

' man to see the beauties of this-wonderful 
world, how is it that it is so constructed 
as to see them all wrong side up ? . 

Many other facts in the life before 
birth are equally important-for instance, 
that- the tail is longer trum the legs at one 
time ; that there .is a period when the 
.young human being is covered with hair; 
that the heart is at first only ·a .small 
simple tube; that the great toe projects at 
an angle from the .side of the foot ; that 
it is impossible to tell, for a long time, 

. which' sex the Child is; that the excreta 
are voided through a cloacal passage with 

. only one yent, as in birds anli reptiles. 
In all these and other points, why is man 

· first made in the image of whole families 
of the lower- animals if his ancestor did 

·not share in the parentage of-these lower 
animals? . . . 

We next turn to that wonderful law of 
jleriods._ Some . diseases of man.· the 
time required .to hatch 'eggs or develop 
the young of mammals ready for birth, 
anli other functio~ obey- a strange Jaw 
of time_ :which is somehow . connected 

· with periods. of th~ moon. 
The eggs of a pigeon are hatched in 

two weeks, those of a fowl in three, of a 
duck .in Jour~ of a goose in five, -of an 
ostrid! in -se\-·en. -And mammals obey 
the same·law. · · 

· · Now, the size of the egg may have 
something to do with the length of time 
required ; · but_ this does. not affect our 
point, and oumot apply to mammals. 

We wish to discover why these periods 

were fixed at all, and why they should 
obey the same law of seven days or some 
multiple of seven. We know that 
nothing more completely corresponds to 
periods of the moon than the tides, and 
if for tens. of thousands of years man's 
ancestors lived in tidal waters, this would 
account for the fact that the law is still 
in force. And as Darwin points out : 
" If the function changes, the period 
would have to change almost abruptly 
by a whole week" ( On'gin of Spea"es, p. 
165). Again the Evolutionist can offer 
an explanation of the difficulty; but what 
other explanation is there ? · 

Perhaps, on the whole, man boasts 
more brQadly of his intelligence than of 
aught else ; though, as a rule, he has the 
most vague- and misty notions of what it · 
is which makes him intelligent. Now, 
throughout living forms it ~s the outer 
layer of cells, or the skin, which forms 
the nervous system, including the brain. 
QUite early in the life of the unborn 
animal· a fold of the outer layer is 
enveloped by the other cells, and this 
becomes the spinal cord and the brain . 
Of this there is not a shadow of doubt. 
There is also no doubt that intelligence 
varies· with the development of the 
nervous system. Even those who talk 
vaguely of a something which they call 
!'mind " must admit the close relation­
ship between intelligence and . brain 
development. · . 

Now, if int~lligence depends upon 
some special endowment of man, such 
as mind, or soul, or spirit, there is no 
explanation of this connection between 
intelligence and the. nervous system ; 
still less can it be explained why .an 
outer portion of the ·body should be 
taken to form the delicate structure of 
the brain. 

But the Evolutionist can give a· fair 
explanation. The outer layer was that 
..portion of the small animals which came 
into contact· with the outside world. It 
was,· in fact, the only means of com­
munication between the aflimal and its 
environment. For these early animals 
had ·no ears, no ·eyes, no hands, no 
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nerves. They had to feel by means of 
the whole outer layer. Again, we must 
remember that this state of things may 
have lasted for countless centuries. So 
that when, by the principle of division of 
labour, organs were slowly developed, 
the chief organ of intelligence began to' 
arise by the enfolding of the outer part, 
which so long had served for all the 
organs of intelligence. During those 
long centuries the outer layer had be­
come sensitive to outward impressions. 
It had acquired the power of responding 
to those outside forces which are named 
stimuli. How many ages were given to 
develop this marvellous power we cannot 
even imagine. But, after its long school­
time, -the outer part had powers in which 
the inner portion had no share. It had 
developed that most marvellous property 
called irritability, upon which all intelli­
gence and all possibility of education 
depend. 

So that once more to the Evolutionist 
there is no dark mystery either in the 
power of intelligence or in the origin of 
that power. But without Evolution it is 
a miracle of mystery. 

Will the man who denies Evolution 
tell us why intelligence should depend, 
at least for its manifestation, upon the 
enfolding of a bit of skin ? 

There are many points of interest in 
the development of the brain which 
offer unanswerable difficulties to the 
rejector of Evolution. To take two at 
random : Professor Wiedersheim, in his 
great book, The Comparative Anatomy of 
Vertebrates, points out that the corpus 
callosum, one of the most important 
structures of the brain, is very small in 

those mammals which are the lowest of 
that class-viz., the duckmole (mono­
tremes) and the kangaroo (marsupials). 
In fact, this great organ, which joins the 
two halves of the brain (the cerebral 
hemispheres), is only just beginning to 
form in these two groups of animals, and 
it cannot be called a corpus callosum 
proper, for it has not the full develop­
ment or the function of a true . corpus 
callosum. In these, lower mammals 
only the part corresponding -to the 
anterior portion -of a full corpus callosum 
is present. But note the important and 
interesting light which this throws on the 
acquirement of this great organ. When 
we come to study the growth and deve- · 
lopment of the corpus callosum in man 
and the higher mammals generally, we 
find that the part which appears first is · 
just this portion which the duckmole and 
kangaroo have.- Now, if the "ancestor of 
man has not come through the mono­
tremes and mars•lpials, why does this 
part of the brain develop in the same 
way as among them, and why~should this 
part develop sooner than the rest ? . 

Again, the brain of an unborn child 
closely- resembles that . of a grown-up 
gorilla. Why should this be, unless it is 
true that man's ance'stor and the gorilla's 
ancestor were at some remote period the 
same? Closely akin to this last point is 
the fact that extinct and ancient animals 
resemble the embryos of the more perfect 
living animals. What earthly reason can 
be given for this, unless the living species 
are changed and improved forms of those· 
ancient and extinct species of millions of 
years ago? · 
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CHAPT!j:R XI. 

THE EVOLUTION OF THE WORLD 

MR. HERBERT -SPENCER, in First Prin- respecting them : the one that they are 
. ciples, - p. -Jo, says : " Respecting the objective, and the other that they are 
prigin of the universe - three verbally !>Ubjective-,-the one that they are external 
intelligible suppositions may be made.- to, and independent of, ourselves ; the 

_ We may assert_ that it is self-existent; other that they are internal and appertain 
Ot that it is self-created; or that it is to OUI: own consciousness." 
-crea.ted by an external agency." _ He examines the statement that space 

- - · By the aid oLDean .Mansel, he proves and time are entities, and the contention 
-that each of these suppositions is incon- that- they .. are forms of thought, and 
· ceivable. - · arrives at the conclusion "that space 
~--The Very Reverend Dean sa~s ~ "The and time are wholly incomprehensible." 
conception -of the Absolute and the He next examines matter, and says : 

· Infinite, from whatever :side we view it, " In its ultimate nature it is as absolutely 
-'- appears encompassed with.tontradiction," incomprehensible as space and time/' 

among other reasons becaU.se we can do Motion and force he finds equally 
. nothing -"towards explaining. how the incompre~ensible in their ultimate 
_ ·absolute can give rise to !;he relative, the natures. 

infinite to the finite." - _ _ - The position of the man of science is 
- Those who wish to see all this worked thus sumined up :-

out with much subtlety must go to First "Supposing him, in every case, able 
Principles. -We only refer to it here to "to resolve the appearances, properties, 
show that none of the three suppositions and movements of things into manifesta-

'namedabovestandsini:hewayofscientific tions..oLforce in space and time, he still 
inquiry or. help us in this inquiry. If finds that force, space, and time pass all 
they are all alike unthinkable, then they understanding. Similarly, though _ the 
are of equal value or no- value in helping analysis_ of mental actions may finally 
-us to a knowledge of causation. bring- him down to sensations, as the 

For Clearly science can only- deal with original materials out of which all thought 
_what can be known. - ' is woven, yet he .is little forwarder ; for 

To say that "the _power which . the he can give no account either of sensa­
universe manifests to us is utterly inscrut- tions themselves or of that something 
able" might be a fitting burial service which Is conscious of sensations. Objec­
for much metaphysical dust; and, in tive and subjective things he thus ascer­
addition to this, it opens a free highway tains to be alike inscrutable in their 

-to the searcher after truth. - - substance and genesis, In all directions 
But 'we do not proceed far on this his investigations eventually bring him 

·- path of inquiry before we- meet two ·fa-ce to -face with an insoluble enigma: 
monsters which, in more senses than he ieams at once the greatness and the 
one, have devoured the sons of men-I littleness of the human intellect ; its 
mean, Space and Time. power in dealing with all t~at com.es 

Mr. Spencer asks: "What are space within the range of expenence; 1ts 
. and time ? Two hypotheses are current impotence in dealing with all that 
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transcends experience. He realises with 
a special vividness the utter incompre.­
hensiblen~ss of the simplest fact con­
sidered in itself. He, more than any 
other, truly knows that in its ultimate 
essence nothing ca11 be known " (pp. 66 
and 67). 

Of course, some readers will note that 
this last sentence begs the whole question 
as to whether there is such a~ thing as 
ultimate essence or not, just as the 
former conclusion begged the question 
as to whether the universe manifests one 
power whiclL is inscrutable. 

Mr. Spencer ne~ deals with the 
relativity of all knowledge, and thinks 
he proves that the relative and the 
absolute stand or fall together. But 
many hold that in this he fails, for one­
may be real and the other may not. 

Now, all notions which deal with sup­
positions outside human experience are 
properly called transcendental. The 
transcendental is of no value to science, 
for it does not admit of being known or 
verified. · 

Returning, then, to things which we 
experience, Mr. Spencer points out that 
" relations are of two orders : relations of 
sequence and relations of- co-existence, 
of which the one is original and- the 
other derivative." "The abstract of all 
sequences is time; the abstract of all 
co-existences is space." ' 

" Space and time, therefore, are relative 
realities." -

"Our conception of matter, reduce<j 
to its simplest shape, is that of co-existent 
positions that offer resistance." " Hence 
the necessity we are under of representing 
to ourselves the ultimate elements of 
matter as being at once extended and 
resistant." Our experience offorce is that 
out of which the idea of matter is built. 

Matter is another relative reality. 
" Our conception of motion as pre­

sented or represented in the developed 
consciousness involves the conceptions 
of space, of time, and of matter. A 
something that moves ; a series of posi­
tions occupied in succession ; and a 
group of co-existent positions united in 

thought with the successive ones-these 
are the constituents of the idea." 

" Motion, as we know it, is thus trace­
able, in common. with the other ultimate 
scientific ideas, to experiences of force." · 

" We come down, then, finally to force 
as the ultimate of ultimates." Space, · 
time, matter, motion, as we know them, 
are all either built up of,.. or abstracted 
from, experiences .of force. . . 

These scrappy quotations from First 
Principles are not given as representing 
Mr. Spencer's argument, but merely to 
clear the way for our inquiry into the 
Evolution of the World.- - -

Perhaps it would be of help ,to some 
readers to refer to -Professor Karl 
Pearson's newer setting of this doctrine. 

Many great minds have pondered. 
over this question in different genera­
tions. Descartes said: "Give rrie ·.ex­
tension and motion, and I will construct 
the world." 

Mr. Pearson says': " 'Give me motion 
and space capable of changing itl! shape, 
·and I will· e~plaio the universe to you,' is 
far more rational ·than Kant's ' Give. me 
matter,· and I will create the world, ' f~r, 
matter being granted, not much universe ~ 
is left to be explained." 

Again : " Force is not, then, a: real · 
-cause of change in motion. It is merely, 
a description of change in motion.- . But 
force, being the how of a motio~ may 
naturally suggest _that· matter is that 

--which moves." . . 
1 

. 

" The sensible existence of matter is · 
entirely dependent mi the existence of 
motion-that is; change pf position ·and 
change of shape." . · 

" If we bring any two bodies together, 
we notice that they change each other's 
motions. Everything in the universe is 
changing the · motion of eyery other 
thing." . 
_ " Science has reduced~ the universe, 
not to those unintelligible concepts, 
matter and force, but to the-- very 
intelligible concept, MoTION, All that 
we knowt of mass is its measurement in 
motion " (lecture on "Matter and Soul," 
!886}. ' 
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Extension and motion may be the 
necessary properties of matter. At least, 
we know that where there is motion 
there is matter. And, whether we use 
the terms "Matter and Force" or 
" Matter and Motion," we recognise the 
accepted conclusions of science that 
both. are indestructible. This greatest 
of discoveries teaches us that neither 
can be destroyed, so that · it is almost 
certain, as they can have no end, that 
they had no beginning. _ -

Add to this that heat, -light, colour, 
magnetism, and. electricity are all of them 
only mode..s of motion, and then we 
shall· be prepared to admit that the 
same~ force may show itself in different 

·forms at different times. This is called 
the transformation and equivalence of 
forces. Thattis, just as the same par­
tic}es of matte!; may at one time form 
parts of a rose and at another time parts 
of a mushroom, so the . same force may 
at one time strike a church as lightning, 
and at another time may be the mother­
love Which rocks the Cradle, . . I , 

, This will ·not be deemed fanciful by 
the reader who masters the following : 
" The transformations of electricity into 

. other modes of force are still more 
clearly demonstrable. Produced by the 

, motion of heterogeneous bodies in cen­
tact, electricity generates magnetism in 
·a bar. of soft iron; and now the rotation 
of .a perm11,nent magnet generates cur­

. rents -of electricity. Here we have a 
battery in which, from the, play of 
chemical affinities, an electric current 
results; and there, in the adjacent cell, 

. we have an electric current effecting 
chemical : decomposition.· In the con­
duc!ffig wire we witness the transforma­
tien of electricity into h~at ; while in 

. electric sparks and in the voltaic arc we 
see light produced. Atomic arrange­
ment, too, is changed by electricity : as 

_ instance the transfer of matter from pole 
to pole of a battery ; the fractures caused 
by the disruptive discharge ; the forma­
tion of crystals. under the influence of 
electric currents. And whether, con­
versely, electricity be 0! be not directly 

generated by re-arrangement of the 
atoms of matter, it is at any rate indi­
rectly so generated through the inter-
mediation of magnetism. • 

" How from magnetism the other 
physical forces result must be next 
briefly noted-briefly, because in each 
successive case the illustrations become 
in great part the obverse forms of those 
before given. That magnetism produces 
motion is the ordinary evidence we have 
of its existence. In the magneto-electric 
machine we see a rotating magnet 
evolving electricity. 'And the electricity 
so evolved may immediately after exhibit 
itself as heat, light,' or chemical affinity. 
Faraday's discovery of the effect of 
magnetism on polarised light, as well as 
the discovery that change of magnetic 
state is accompanied by heat, point to 
further like connections. Lastly, various 
experiments show that the magnetisation 
of a body alters its internal structure ; 
and that, conversely, the alteration of its 
internal structure, as by mechanical 
strain, alters its magnetic condition. 

" Improbable as it seemed, it is now 
proved that from light also may proceed 
the like variety of agencies. The solar 
rays change the atomic arrangements of 
particular crystals. - Certain mixed gases, 
which do not otherwise combine, com­
bine in the sunshine. In some com­
pounds light produces decomposition. 
Since the inquiries of photographers 
have drawn attention to the subject, it 
pas been shown that 'a vast number of 
substances, both elementary and com­
pound, are notably affected by this 
agent, even _those apparently the most 
unalterable in character, such as metals.' 
And when a daguerreotype plate is con-

. nected with a proper apparatus, ' we get 
chemical action on the plate, electricity 
circulating through the wires, magnetism 
in the coil, heat in the helix, and motion 
in the needles.' 

" The genesis of all· other mpdes of 
force from chemical action scarcely 
needs pointing out. The ordinary 
accompaniment ·of chemical combina­
tum is heat; and when the affinities are 
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intense, light also is, under fit condi­
tions, produced. Chemical changes in­
volving alteration of bulk cause motion, 
both in the combining elements and in 
adjacent masses of matter: witness the 
propulsion of a bullet by the explosion 
of gunpowder. In the galvanic battery 
we see electricity resulting from chemical 
composition and decomposition. While,. 
through the medium of this electricity, 
chemical action produces magnetism " 
(First Principles, pp. 200 and 201). 

The earnest student should think for 
some months on these facts :-

( 1) The genesis of all other modes of 
force is Irom chemical action. 

(2) "Everywhere throughout the 
cosmos this truth must invariably hold. 
Every successive change, or group of 
changes, going on in it must be due to 
forces affiliable on the like or unlike 
forces previously existing"-i.e., all forces 
manifested at any' time must link on to 
those which went before. This shows 
one of the necessary conditions of all 
evolution-viz., continuity. 

(3) There is no such thing as matter 
at rest, absolutely. The molecules of 
matter are in incessant motion, even in 
those masses which we think are quite 
fixed. 

(4) There is no such thing as empty 
space. Matter is everywhere, and is 
either ponderable or imponderab.le, ·as 
ether. This imponderable ether it is 
which fills up any spaces, whether 
between the sun and our earth or 
between the molecules and atoms of 
which masses of matter are Gomposed. · 

Recognising always that matter and 
motion are eternal, we no longer look 
for a beginning, neither do we look for 
an end to the universe. 

All that we can hope to discover is 
some hypothesis to account for its 
changes of form. And this brings us at 
once to the nebular hypothesis (nebultz 
is the plural of nebula, meaning mist or 
vapour). 

Nebulre are bright patches seen in the 
sky, consisting either of far-distant stars 
or of matter in a less condensed state. 

"Observations on nebulre caused 
Kant and Laplace to suggest a theory­
now known as the nebular theory-as to 
the formation of worlds. They con­
sidered. that the solar system, for ex­
ample, originally existed as uncondensed 
nebulous matter. This gradually con­
densed towards the centre, forming the · 
nucleus of the sun, and later the outer .· 
portions separated into disti1;1ct parts, 
each part condensing into a . planet. 
The different forms of nebulre observed 
in the heavens were then supposed to 
be systems in different stages of develop­
ment. Although instruments, such as 
Lord Rosse's telescope, have shown that 
so .many nebulre can_ be resolved into 
star clusters, yet, on the other hand, the 
spectroscope has shown us that many 
nebulre do really consist of uncondensed 
matter." , 

The theory may also be stated thus : 
" The solar system existed originally in 
the form of a nebula, which, by cooling, 
condensing, and revolving, was formed . 
into the sun and rings of matter, whic_h 
latter were consolidated into the.planetary 
bodies ; the same is applied also to all 
the heavenly bodies." ' 

-If we assume that matter composing 
the solar system once existed in a diffused , 
state, we have, in tlie gravitation of its 
parts, a force adequate .to produce the 
motions now going on. _ 

Even those familiar with chemical 
action cannot imagine the heat which 
would rec;ult from such enormous motions 
as the theory implies, so that these 
masses became more than " red-hot," 
and were in the condition w~ . call . 
molten. _ 

" If it is asked what has become of 
all that motion which brought about the 
aggregation of the diffused matter into 
solid bodies, the answer is that it has 
been radiated in the form of heat and 
light." 

Geologists conclude that the heat of 
the earth's still molten centre is but a 
remnant of the heat which once made 
molten the entire earth. As the crust 
of the earth cooled it contracted, and 
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SYSTEM. 

IJ. Recent. 

t 2. Pliocene. 

11. J\liocene. 

8. Jurassic. 

7· Triassic. 

6. Permian. 

5· Carboni­
ferous. 

+ Devonian. 

3· Silurian. 

2. Cambrian. 

EPOCH. 

Quaternary. 

} 

Tertiary 

or 

Cainozoic. 

Secondary 

or 

Primary 

or 

r paJ,.,ozoic 

I or 

Eozoic. 

J, Laurenti~n. ) 

this contraction gave it an uneven surface. 
The same condition has been observed 
in the surfaces of the moon and the 
planet Venus. "In the sun we have a 
still continued production of heat and 
light, which must result from the arrest 
of diffused matter moving towards a 
common centre of gravity." 

Smaller bodies have lost nearly all the 
produced heat ; but the sun, a thousand 
times as great in mass as the largest 
planet, IS still radiating with great 
intensity. 

Thus all the changes in the earth are 
either direct or indirect results of the 
unexpended heat caused by nebular con­
densation. These changes are usually 
divided into igneous and aqueous :-

Igneous.-All those disturbances we 
call earthquakes, the risings and fallings 
which they produce in the crust of the 
earth ; all those accumulated effects of 
many such risings and failings seen .in 
ocean-basins, islands, continents, table­
lands, mountain-chains ; and all those 
formations distinguished as volcanic­
geologists regard as modifications of the 
earth's crust produced by the still molten 
matter occupying its interior. 

Aqueous.-The effects of rain, of 
rivers, of winds, of waves, of manne 
currents, have a common origin. The 
river current, bearing its sediment down 
to the sea, is due to the gravitation of 
water. The water is there because it 
fell in the-shape of rain. 

The rain came to be in the position 
whence it fell because the vapour from 
whichit condensed was drifted there by 
winds. 

The vapour was -raised to this height 
by the sun's heat. To the same source 
are due atmospheric currents and ocean 
currents. 

When, by all these secondary agencies, 
the crust of the earth has been fitted to 
be the abode of living things, we find 
that the forces seen in vital actions, 
vegetable and animal, _are also derived 
from the sun's heat. 

"Plant life is dependent, directly or 
indirectly, on the sun. Each plant owes 
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the carbon and hydrogen of which it 
mainly consists to the carbonic acid and 
water contained in the surrounding air 
and earth. The carbonic acid and water 
must be decomposed before their carbon 
and hydrogen can be assimilated. To 
overcome the powerful affinities which 
hold their elements together requires 
the expenditure of force ; this force is 
supplied by the sun. · 

"Animal life is dependent on vegetable 
life. The power absorbed by the plant 
under the shape of light and heat 
reappears in the movements, internal 
and external, of the animal. · 

"The forces which we distinguish as 
mental come within the same generalisa­
tion, for these depend on the nervous 
system, on the proportion bf phosphorus 
in the brain, and on the supply of blood 
to the brain. The modes of force which 
we call motion, heat, light, chemical 
affinity, can not only be transformed into 
each other, but they can also be transformed 
into sensation, emotion, thought." 

Those who desire to see proofs of this 
are referred to Mr. Spencer's First Prin­
ciples. Here we can give only a few of 
the leading conclusions to show that the 
world and all that therein is are one. · 

So far, the examples used have been 
of an analytical character; but no numher 
of analytical truths can give us that 
synthesis (combination) of thought which 
alone can be an interpretation of the 
synthesis of things. We need a law 
which will unite every process that takes 
place in the universe. In science it is 
necessary to consider certain processes 
separately, as in .astronomy, geology, 
biology, sociology. But we cannot 
imagine that these are really separate. 
The processes as · wholes cannot be 
unrelated to one another. So the ques­
tion is, What is the common element in 
the histories of all concrete processes? 

Clearly it must be one that specifies 
the course of the changes undergone by 
both the 111alter and the motion ; or, in 
other words, it must be the law of continu­
ous redistribution of matter and motion. 

An entire history of anything must 

include its appearance out of the· imper· 
ceptible ..and its disappearance into~ the. 
imperceptible. - · - · ' 
· This general law of the redistribution . 
of matter and motion must also be one . 
which unifies the successive changes 
which se.nsible existences, separately and 
together, pass through.· The formula 
must be one comprehending the two 
opposite processes of concentration and 
diffusion. · · · ·· .' · · 

" The <;hange 1rom a diffused imper· 
ceptible state to a concentrated percep~ 
tible state is an. integration of matter 
and concomitant dissipation of motion ; . 
the change from a concentrated percep- . 
tible state to a diffused imperceptible 
state is an absorption - of motion_ and 
concomitant disintegration of matter. 
These are truisms." · · 

These two ·opposite processes, taken 
together, give us the history . of every 
sensible existence, for everything is in : 
progress ,.either towards integrati~n or 
disintegration. 

Evolution is the inte~ration of matter 
and the dissipation of motion. 

Dissolution is the absorption of motion 
and the disintegration of matter~ . 

Now, the total history of every sensible 
existence is- included in its evolution and : 
it!; dissolution. . , . 

Mr. Spencer gi~es many proofs of the 
law that existences of all orders do 
exhibit a progressive integration of 
matter and -loss of motion, and shows 
that the components of the mass, while 
they become integrated, also become. 
differentiated. . . . , · . . . 

In -ii:s ear)y stages the condition. of 
matter was simple-as Mr. Spencer 
styles it, homogeneous.· Fr!im this 
simple state it integrates and differen­
tiates, till it has many parts-,-it proceeds 

- " from the homogeneous to the hetero­
geneous." 

· In planets, in organisms, in societies, 
this law holds good. , 
' After working out, in many forms, the 

law of integration of matter and dissipa­
tion of motion, he is able to reduce the 
law of the whole cosmos to this formula: 
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" Evolution is an integration of matter 
and concomitant dissipation of motion ; 
during which the matter passes from an 
indefinite, incoherent homogeneity to a 
definite, coherent heterogeneity, and 
during which the retained motion under­
goes a parallel transformation." 

I hope I have said enough to make 
' clearthis all-embracing law. 

But, as Mr. Spencer· is not easy to 
translate into brief, popular language, 
I will give. a summary of Professor 
Haeckel's chapter on th~ evolution of 
the world from , his great book, The 
_Riddle of the Universe. This subject is 
so important that it is worth running the 
risk of a little. repetition to make it 
dearer. 

_Professor Haeckel has placed the 
world under an immense debt of grati­
tude by his profound researches into the 
laws of biology. _ . 

He calls the conservation of matter 
and the conservation of energy " The 
Law of Substance." 

Lavoisier, in 1789, stated the conser­
vation of matter thus : "The sum- of 
matter which fills infinite space is 

. unchangeable." · 
Mayer established the conservation of 

- energy (the persistence of force) in 1842, 
which may be thus stated: "The sum 
of force, which is at work in infinite 

·space and produces all phenomena, is 
unchangeable." 

These two laws' are fundamentally 
one; hence Haeckel calls them the law 
of substance. • 

J. C. Vogt, in 1891, put forward a 
theory that "the primitive force of the 

· world is not the vibration of particles in 
empty space, but the condensation of a 
simple primitive substance, which fills 
the i{lfinity of space in an unbroken 
continuity." 

This theory, is called the pyknotic 
theory-from pyknosis,· condensation. 

He holds that atoms do not float in· 
empty space, but in the continuous, 
extremely attenuated, intermediate sub­
stance which represents the uncondensed 

· portion of primitive matter. 

He credits these atoms with sensation 
and inclination in the lowest form, 
because some agree to condense and 
some do not. 

The condensed portion forms the 
positive ponderable matter of bodies ; _· 
the uncondensed portion, the nega­
tive imponderable matter-the ether. 
Between the positive and negative there 
is a constant struggle. . 

Whether this theory turns out to be 
true or not, many of the highest autho­
rities hold that there is but one sub­
stance in the universe ; and we may 
conceive the elements as having evolved 
from this simple primitive substance. 

Ether has probably no chemical 
quality, and is not composed of atoms. 
It is called imponderable because we 
have no means of ·weighing it yet. It is 
boundless and immeasurabl~ and in 
eternal motion. The specific movement 
of ether (vibration, or strain, or conden­
sation} in reciprocal action with mass 
movement (or gravitation) is the ultimate 
cause of all phenomena. So we may 
divide the most general phenomena of 
nature into two groups : they . may be 
regarded as the function of ether or the 
function of ponderable matter. This 
may be called the first division of labour 
in the development of matter. · 

After this very bald outline, we may 
follow Haeckel in his monistic view of 
the evolution of the world. He holds 
that the nebular hypothesis "is still the 
best of all the attempts to explain the 
origin of the world, etc., on monistic and 
mechanical lines. It has recently been 
strongly confirmed and enlarged by the 
theory thlil-t this cosmogonic process did 
not simply take place once, but is 
periodically repeated~ -While new cosmic 
bodies arise and develop out of rotating 
masses of nebulre in some parts of the 
universe, in other parts old, extinct, 
frigid suns come into collision, and are 
once more reduced by the heat generated 
to the condition of nebulre" (The Riddle 
of the Universe, p. 245). 

He warns us against supposing that 
the universe had a , beginning, and 
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emphasises the fact that " movement is 
as innate and original- a property of 
substance as is sensation." 

"By spectral analysis we have found 
not only that the - millions of bodies 
which fill the infinity of space are of the 
same material as our own sun and earth, 
but also that they are in various stages 
of evolution ....... We know that the paths 
of the millions of heavenly bodies are 
changeable, and to some htent irregular. 
...... We know that the law of substance 
rules unconditionally in the most distant 
reaches of space. Through all eternity 
the universe has been, and is, subject to 
this law." ' 

From the great progress of th-e sciences 
of astronomy and physics we can draw a 
series of most important conclusions. 

" 1. The extent of the universe is 
infinite and unbounded ; it is empty in 
no part, but everywhere filled with sub­
stance. 

" 2. The, duration of the world is 
equally infinite and unbounded; ie has 
no beginning and no end-it is eternity. 

"3· Substance is everywhere and 
always in uninterrupted movement and 
transformation; nowhere is there perfect 
repose and rigidity; yet the infinite 
quantity of matter and of- eternally 
changing force remains constant. 

"4· The universal movement of sub­
stance in space takes the form of an 
eternal cycle or of a periodical process 
of evolution. -
- "S· The phases of the evolution 
consist in a periodic change of con­
sistency, of which the' first outcome is 

the primary division into mass and ether 
-the ergonomy of ponderable and 
imponderable matter. 

" 6. This division is effected by a pro­
gressive -condensation of matter as the 
formation of countless infinitesimal 
.'centres of condensation,'' ·in which the 
inherent primitive properties of sub­
stance, feeling, and inclination are the 
active causes. · 

" 7. While minute and then larger 
bodies are being formed by this pyknotic 
process in one part of space, and the 
intermediate_ ether increases its strain, 
the opposite process-the destruction ef 
cosmic bodies by collision-is taking 
place in another quarter; 

" 8. The immense quantity of heat 
which is generated in this mechanical · 
process of the collision of swiftly-moving_ 
bodies represents the new kinetic energy 
which effects the movement of the resul­
tant nebulre and the construction of new 
rotating bodies. The .eternal drama 
begins afresh. Even our mother earth, 
which was formed of part of the gyrating 
solar system millions of ages ago, will_ 
grow cold and lifeless after the lapse of 
further millions, and, gradually narrowing 
its orbit, will fall eventually into the sun •. 

" It seems to me that these modem 
.discoveries as to the periodic decay and 
re-birth of cosmic bodies, which we owe 
to the most recent advance of physic_s 
and astronomy, associated with the law 
of substance, are especially important in 
giving us a clear insight into the universal 
cosmic process of evolution" (The Riddle 
of the U11iverse, pp. 247-249). 
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CHAPTER XII. -
- . 

HO\V IS ·ORGANJC EVOLUTION CAUSED? 

HERE it is especially necessary to repeat 
earnestly the warning that we must begin 
v.;th _ the I~ west, forms of life and the 
surrounding forces of the universe if we 
are to understand the doctrine of Evolu-
tion. ~ · · - ... ... 

Many ·attempts .-have been made ·to 
define life, and, perhaps, none are com­
. pletely successful ; but it is _generally 
-admitted that Mr. Spencer has enriched 
thought and the Scientific literature of the 
world by liis definition of life, • 
_ He says (Pn"ndplesof Biology, Toi. i.): 
" Choosing assimilation, then, for our 
example of bodily life, and reasoning for 
our example of that-life known as-intelli~ 
gence, it is first to be obsen·ed that they 
-are both processes of _change~ Without 
change food cannot be taken. into the 
blood or transformed into tissue ; without 
ch;inge _ there Can be no getting -from 
premisses to conclusion.- -_ Life, then, 
consiSts- of simultaneous· and successive 
changes." _ · 

These changes, either .in viscera or 
brain;_ are- not· _homogeneous- (i.e~ have 
not the same character).- Changes in the 
inorganic-world, on the oth_er hand, have 
a rerriarkab1e likeness (homogeneity). 
- The next great point in the changes of 

living things is "that _they are distin­
guished by combination subsisting among 
their constituent changes." -

"Thus we bave growth, decay, changes 
of temperature. of excretion,' all going 
on in conne::tion.". : - · 

Again we_ find that they manifest a 
remarkable definiteness. - . 
· So that we arrive at the definition that 

" Life • is the defiillte combination of 
heterogeneous changes, both simul­
taneous and _successive; but this fails to 
call_ up ~n adequate conception of life." 

" We habitually distinguish between a 
live object and- a dead one by obsen;ng 
whether a change which_we make in the 

-surrounding conditions, or one ·which 
· nature makes in them, is or is not followed 
by some perceptible change in the 
object." 

"Adding this all-important character­
istic, our conception of life becomes the 
definite combination .of heterogeneous 
changes, both simultaneous and succes­
sive, in correspondence ·with external 
co-existel)ces and sequences." 

Or, more briefly : "Life is the con­
tinuo-gs adjustment of internal relations 
to external relations"-i.e., life is acorre­
spondence between the internal and the 
e>..iemal, and the degree of life varies as 
the degree of correspondence(§§ 25-30). 

Now/as we have already considered 
sufficiently the chief arguments in fav?ur 
of Evolution, "'e can trace the leading 
facts of organic evolution from the same 
first principles to which Evolution at 
large conforms. _ . _ 

Many -attempts have been made to 
find the key to organic evolution. At 
first, the theory that plants and animals 
of all kinds were gradually evolved seems 
to have been accompanied by scarcely 
any conception of a cause. . 

De Maillet (1735) was one of the 
earliest who contended that organisms 
ar~ indefinitely modifiable. and that, 
tprough their modifications, tf!ey have 
become adapted to various modes of 
existence. Yet; though he considered 
that all living things· have arisen by 
a natural, continuous process, he does 
not appear to have-had any definite idea 
of. that which determines the process. 

In i794 Dr. Darwin (the grandfather 
of Charles Darwin), in- his Zoonomia, 
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_ gave reasons for believing that organised 
beings of every kind have descended 
from one or a few original germs. He 
suggests the possibility "that all warm- · 
blooded animals have arisen from one 
living filament."-

In some of his points he anticipated 
Lamarck ; but Lamarck worked out his 
theory more · precisely. Dr. Darwin 
named external conditions as causes of 
modifications hi organisms, as did also 
Lamarck. These early suggestions, 
even though somewhat crudely ex­
pressed, showed- great insight and did 

· good service, for in the age when they 
were suggested they were a -marked 
advance as contrasted with the dogmas 
of that age. Lamarck· -proved himself 
profounder than his contemporaries by 
seeing that evolution, however caused, 
has been going· on. 

The importance of this is very great ; 
for, "before it can be ascertained how 
organised beings have been gradually 
evolved, there must be reached the con­

-viction that they have been gradually 
evolved." -

Dr. Darwin and Lamarck assign one 
actual factor as accounting for some of 
the phenomena-viz., " that functional 
adaptation to conditions produces either 
evolution in general or the irregularities 
of evolution." But this only raises the 
further question, "Why is there a func- · 
tiona! adaptation to conditions ? Why 
do use and disuse generate appropriate 
changes of structure? ·Neither this nor 
any other interpretation of biologic evo­
lution, which rests simply on the basis 
of biologic induction, is an ultimate 
interpretation. Biologic induction must 
itself be interpreted. Only when the 
process of evolution ·of organisms is 
affiliated to the process of evolution in 
general can it be truly said to be 
explained. The thing required is to 
show that its various results are corolla­
ries from first principles. We have to 
reconcile farts with the universal laws of 
the redistribution of matter and motion" 
(Principles of Biology, vol. i., §§ 144-147). 

We know that, besides the daily and 

annual alternations in the quantities of 
light and heat which any portion of the 
earth's surface receives~ from the sun, 
there are alternations which . require · 
immensely greater periods to complete. 
" Every planet, during a certain long 
period, presents more of its northern 
than of its southern hemisphere to the 
sun at the time of its nearest approach to 
him ; and then, again, during a .like 
period, presents , more of its southern 
hemisphere than i,ts northern.'' This 
change recurs at regular periods, and, 
though it causes no sensible alterations 
of climate in some planets, yet in the case· 
of the earth there is" an epoch-q_f 2r,ooo 
years - during which each . hem~sphere . 
goes through - a cycle of temperate 
seasons,_ and seasons that are extreme 
in their heat and cold."· . There is also 
a variation of this variation. The slow 
rhythm of temperate and intemperate 
climates which ta~es 2 I,ooo years to 
complete is itself sometitnes greater and 
sometimes less during epochs far longer 
than 2 i,ooo years. - . _-. · 

" The earth's orbit slowly alters in 
form ; sometitnes it is ·nearly a circle, 
_sometimes it is more eccentric; During 
the period at which the earth's orbit is 
most nearly a circle, the. temperate and 
intemperate climates, which ·_repeat their 
cycle in 2i-,opo years, are severally less 
temperate and · less·· intemperate _than 
when, some one or two million years_ 
later, the earth's orbit has cdeparted as­
far as it can from the circular. -

''Thus, besides these daily variations 
iri _the .quantities of light and · heat 
received by organisms, and respond~d tO 
by variations in their functions ; and . 
besides the annual variations in the 
quantities of light . and heat which 
organisms receive, and similarly respond 
to by variations in their functionS ; there 
are variations that severally complete­
themselves in 21,ooo years and ·in some 
millions of years-variations to-· which 
there must be a response in the changed 
functions of organisms, !he whole vege­
table and animal kingdoms are subject 
to a quadruply-coJllpounded rhythm -in 
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the incidence of the forces on which life 
primarily depends-a rhythm so involved 
in its slow working round that at no time 
during one of these vast epochs can the 
incidence -of these forces be exactly the 
same as· at any other. time. To the 
direct effects so produced on organisms 
have to be added much more important 
indirect effects. Changes of distribution 
must result. Certain redistributions are 
occasioned even by the annual variations 
in the quantities of the solar rays 
received by each part of the earth's 
surface. · Thy migrations of birds thus 
caused are ·familiar. So, too,- are the 
migrations of certain fishes : in some 
cases, .from · one part of :the sea to 
another; and, in some cases, from salt 
water to fresh water: Now, just as the 
yearly changes in. the amounts of light 
and heat falling on each locality yearly 
extend and restrict the habitats of many 
organisms that are able to move about 

· with some rapidity, so must these alter­
nations of temperate and intemperate 
climates produce extensions and restric­
tions of habitats. These extensions and 
restrictions, though slow, will be_ universal 
~will' affect· the habitats of stationary 
organisms as well a:s those of locomotive 
ones. For.if during an astronomic era 
there is going on at any limit to a plant's 
habitaJ a diminution of the winter's cold 
or summer's heat, which had before 
stopped. its spread at that limit, then, 
though the individual· plants are fixed, 
yet the species will move_: the seeds of 
plimts 1iving at the limit will produce 
individuals that survive beyond the limit. 
The gradual spreading so effected having 
gone on for some ten thousand years, the 
opposite. change of climate will begin to 
cause retreat; the tide of each species 
will, during the one half of a long epoch, 
. slowly -flow into new 'regions, and then 
will ' slowly ebb away from . them. 

_Further, this rise and fall in the tide of 
each species will, during far longer 
intervals, undergo increasing rises and 
falls, and then decreasing rises and falls. 
There will be an alternation of spring 
tides and neap tides, answering in its 

period to the changing eccentricity of 
the earth's orbit. 

"These astronomical rhythms, there­
. fore, entail on organisms unceasing 
changes in the incidence of forces in 
two ways. They directly subject them 
to variations of solar influences in such a 
manner that each generation is somewhat 
differently affected in its functions ; and 
they indirectly bring about complicated 
alterations in the environing agen~ies by 
carrying each species into the presence· 
of new physical conditions" (ibid,§ 148). 

I have quoted Mr. Spencer thus fully 
because the action of these forces is so 
often forgotten by many who wish to 
think of the doctrine of Evolution. But 
these changes, important as they are, by 
no means complete the list of forces 
which are constantly acting to modify 
living things. . 

For instance, if we tum to geology, 
we find another set of actions which 
everywhere modify the circumstances of 
plants and animals. 

x. There is a process called denuda­
tion, by which part of the crust of the 
earth is worn away, and this changes the 
deposit or soil. . 

2. Alluvial beds are being formed, and 
thus changes are eff.:ected in the natures 
and proportions of the strata denuded. 

3· The inclinations of surfaces and 
their directions with respect to the sun 
are at the same time altered. · 

4· Igneous action works many great 
changes, as by volcanoes and earth-
quakes, though others are gradual. · 

5· Alterations in the earth's crust are 
ever subjecting the inhabitants _of the 
ocean to new conditions. 

6. The mineral character of ocean 
beds occasionally changes. 

7. Changes are caused by changes in 
the movement of the water of the ocean . 

8. Local temperature is from time to 
time raised or lowered, because some 
rearrangement of the earth's crust has 
wrought a difference in those circulating 
currents of warm and cold water which 
pervade the ocean. 

Turning from these powerful agencies 
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to meteorological conditions, we fuld 
another set of changes at work : 

1. We know that land is sometime!t 
rising, sometimes sinking, . producing a 
continent where it used to be ocean, or 
causing wide seas where there used to be 
snow-capped mountains. -These altera­
tions ,produce great changes in the 
atmosphere. 

. 2. While the highest parts are emerg­
ing, they exist first as islands, and the 
plants and animals which migrate to these 
islands have climates peculiar to small 
tracts of land which are surrounded by 
large tracts of water. 

3· As, by uph~a vals, greater areas are 
exposed, the state of the outside portions 
differs from that of those in the centre. 

4· The winds, which were compara­
tively uniform so long as only small 
islands existed, grow widely different in 
different parts of a large continent. 

5· The quantity of rain varies every­
where, according to the. nearness to the 
sea and according to the special character 
of the surface of the land. 

We see that climatic. variations that 
are geologically produced are com­
pounded with those which result from 
slow astronomical changes, and, as there 
is no correspondence between the geo­
logic and astronomic rhythms, this 
astounding result foUows, that the same 
combination of actions never recurs. 
Hence the incidental forces to which 
living things are exposed are ever passing 
into unparalleled combinations. 

Further, besides changes which inor­
ganic forces cause, there are equally 
continuous and still more involved 
changes in the incidence of forces which 
organisms exercise on one another. 

We have partly seen this in consider­
ing Variation (Chapter VI.). 

"The plants and animals inhabiting 
each locality are held together in so 
entangled a web of relations that· any 
considerable modification which one 
species undergoes acts indirectly on many 
other species, and eventually changes, in 
some degree, the circumstances of all the 
rest. If an increase of heat, or modifi~ 

cation of soil, or decrease of humidity, 
causes a particular kind of plant either 
to thrive or to dwindle, an unfavourable 
or favourable effect is wrought 'on all 
such competing kinds of plants as are 
not immediately 'influenced in the same 
way. The animals which eat the seeds 
or browse on the· leaves either of the 
plant primarily affected· or those of its 
competitors are severally altered in their 

· states of nutrition and in their numbers ; 
and this change presently tells on various 
predatory animals and parasites. And. 
since each of these secondary and tertiary 
changes becomes itself a centre of others, 
the increase· or decrease of each species 
produces waves of influence which 
spread and reverberate and re-reverberate 
throughout the whole flora and fauna of 
the locality" (ibid, § I 5 I). 

Considering all these forces and , 
changes, we see that throughout all 
til)le organisms have been exposed to an­
endless succession of modifying causes 
so complex that we can scarcely think of 
them all. \Ve must also temember_that, 
even if everything else remained . the 
same, every new faculty by which an 
organism i6 brought into relation with 
external objects, as well as every im­
provement in SIJ.Ch faculty, becomes the 
means of subj~cting an organism to new 
stimuli. 

Also, every increase in the locomotive 
power of animals increases the various 
actions of things upon them and of their 
reactions upon thinqs. . . 

By compounding the actions of all. 
these several orders, there is produced a 
progression · of changes increasing with 
immense rapidity, till the mind is los~ in 
wonder at the complex web of forces 
and changes which in their subtle power 
enfold and alter the life of nian. 

We tum from these striking marvels 
of external factors to the internal factors 
-i.e., the composition of the organism 
itself. 

We must ·try and grasp in merest out­
line what is the kind of thing we call a 
living being, upon which these very 
powerful forces are continually acting in 
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- various degrees. Our ordinary notions 
of fixity and solidity are so contrary to 
fact that nothing can be more important 

_ than to correct these notioi1s. 
"Of the four chief elements which, 

in various combinations, make up living 
- bodies, three are gaseous· under all 
-ordinary conditions, and the fourth is a 
solid." - · -
· _ The three elements usually gaseous 
are- oxygen, hydrogen, - and nitrogen. 
The solid is carbon. 

When we remember how those re. 
distributions of matter and motion which 
constitute evolution, structural and func­
tional, imply motions in the· units that 
are re-distributed, , we. shall see a pro~ 
bable meaning _in the fact that organic 

-bodies; which exhibit the phenomena of 
-_evolution _ in so high · a degree, are· 
mainly composed of ultimate - units 
having extreme- mobility. The pro­
perties ·of substances, though- destroyed 
to sense by combination, are not des­
troyed in reality;· it . follows from the 
persist~nce of' force that the prope~ties 
of a compound are' resultants of the 
properties -of its components-resultants 
it1 - which the properties- or the com­
ponents _are severally in _ full action, 
though greatly obscured by each other. 
One of the leading _properties of·each 
substance is its deg!ee of molecular 
mobility; and its degree of molecular 
mobility more or le~s sensibly affects the 
mo1ecular mobilities of the various com­
pounds into which it enters. 

Those who wish to go more fully into 
details· tnusi: consult Mr. Spencer's 
Biology; chapter i., vol. i. We have 
§;aid enough to show that a living body 
is not a hard, fixed, _resisting mass, but, 
on the contrary, a delicate organism, 

·ready to yield in some degree to any 
small subtle forces which play upon 
it. ' . . . .-

If may be needful to say that these 
four elements, by chemical affinity; com­
bine with other elements to form solids, 
liquids, or gases. Hydrogen combines 
with buL few elements, but it has well­
kno'wn combinations. It combines with 

oxygen to form water, which is the 
largest part of an)lliving body. It com­
bines with sulphur to form the compound 
which gives rotten eggs their unpleasant 
odour. -

Oxygen displays the greatest chemical 
energy, and is the gas we inhale from 
fresh air ;· in fact, it is the gas, which 
makes all the difference between fresh 
air and foul. 

Nitrogen has the least chemical energy, 
arid, though it abounds in the air, we 
are not able to absorb it direct from the 
air: we must have nitrogen ; but, in 
order to assimilate it, we have to eat 
com'pounds of nitrogen in various forms· 
of food. 

Carbon is found in three· forms­
diamond, graphite, and charcoal. But 
it unites with oxygen in various degrees 
to. form gases; one of its compounds, 
carbonic acid (CO.), is the poisonous 
gas.which animals give out in breathing. 
-_ Only by giving much thought to these 
delicate compounds can we partly under­
stand how living things are built up from 
not-living. · · 

Of course, other elements besides 
these four· enter into the formation of 
living bodies; but these may suffice to 
show the connection between the living 
and the not-living, and also to show that 
every living thing is undergoing constant 
changes, and thus is largely affected by 
the forces of the outside world. · 

Mr. Spencer says " the wonderful 
relationship in the same continent be­
tween the dead and the living " was one 
of the first· facts that s::> greatly struck 
Darwin on his memorable vo)'age. Mr. 

. Spencer points out how instructive ·this 
fact is ; and he adds : " It cannot be 
said ·that,. the -marsupials imbedded in 
recent Australian strata having become 
extinct because of unfitnes& to some 
new ·external condition, the existing 
marsupials were then specially created 
to- fit the modified environment; since/ 
sundry animals found elsewhere are so 
much more completely in harmony with 
these new Australian ·conditions that, 
when taken to Australia, they rapidly 
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extrude the marsupials. While, there­
fore, the similarity between the existing 
Australian fauna and the fauna which 
immediately preceded it over the same 
area is just that which the belief in 
Evolution leads us to expect, it is a 
similarity which cannot be otherwise 
accounted for. And so it is with 
parallel relations in New Zealand, . in 
South America, and in Europe " (Pn'n­
ciples of Biology, vol. i., pp. · 400 and 
401~ • 

If we consider this passage carefully, 
it is difficult to see how we can deny its 
statements. And we . may here call 
attention. to a point which some people· 
magnify into a difficulty against Evolu­
tion. When it is found that an organism 
has lived for millions of years, without 
showing any modification or change, 
some ask : "What has become of 
Evolution?" 

Now, it cannot .be reiterated too 
often that the doctrine of . Evolution 
nowhere claims that all species are- con­
stantly evolving. In order to produce 
evolution, there must be the force of 
favourable conditions ·acting on the 
favourable structure of an organism. 
Far from being surprised, therefore,. that 
some low forms remain apparently the 
same as they were ages ago, the Evolu­
tionist would expect this. For if the 
organism itself is simple, and the con­
ditions are such as to remain nearly 
always the same, what force is there to 
produce those changes which are favour­
able to evolution? 

Some find an extraordinary difficulty 
in the fact that the human hand or nose 
does not show continued signs of evolu­
tion to some other form. All such diffi­
culties are answered by the preceding 
case. The hand has practically been 
used in the same way and in the same 
conditions for thousands of years. Be­
sides, there is the law of fixity of form, 
known as heredity, upon the force of 
which I have already insisted. . 

No organ which has developed through 
many ages from a simple (homogeneous) 
state to_ one of great complexity can be 

regarded as being in that unstable. con~ . 
dition which we saw in the. precedi!Jg 
chapter is the first necessity for further 
development. · · . -

Hence also it is .that man is _evolving 
far more in his brain than in-any other 
part of his body,· because the brain is far 
less rigid than the other organs. 
' If we have instability of an organ, we 

know that the complex forces acting 
upon it will produce great variety of 
structure in the organ, and that all parts 
of the organism will be inore or less 
affected in consequence. · 

"Suppose that the .Jlead of a bison 
becomes much heavier-what must be 
the indirect results ? The muscles of 
the neck are put. to grel).ter exertions ; 
and its vertebrre have to bear addi-· 
tiona! tensions and · pressures, . caused 
both by the increased· weight of the 
head and the stronger contractions of 
the muscles that support and move- it. 
These muscles also affect their special 
attachments ; several of the dorsal · 
spines have augmenU:d strain~; and the 
vertebr:e to which they are fixed are 
more · severely taxed. Further, · this 
heavier head, and the more massive 
neck it necessitates, require a stronger 
fulcrum : · the whole thoracic arch, and 
the fore limbs which support it, ·are 
subject to greater continuous stress and 
more violent occasional shocks. · And 
the required strengthening of the fore: 
quarters cannot· take ·place without the 
centre of gravity being changed arid the 
hind limbs being differently- reacted 
upon during locomotion: Anyone w~o 
compares the outline of- the bison with 
that of its congener, the ox, will see how 
profoundlx_ a heavier head affects the 
entire· osseous and muscular systems .. 
Besides this multiplication of mechanical 
effects, · there is a multiplication of 

. physiological effects. The vascular 
apparatus is modified throughout its 
whole structure by 'each considerable 
modification in the proportions of the 
body. Increase in the size of any organ 
implies a quantitative, and often a quali· 
tative, reaction on the blood. and thus 
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alters the nutrition of all other organs. 
Such physiological correlations are ex­
emplified in the many differences that 
accompany difference of sex. That the 

-minor sexual peculiarities are brought 
'about by 'the physiological actions and 
reactions is shown both by the fact that 
they are_ commonly but faintly marked 
until the fundamentally distinct organs 
are developed; and that, when the 
development of these is prevented, the 
minor sexual peculiarities. do not arise. 
No further proof is, I think, needed 
that. in any individual organism or its 
descendants a new external action must, 
besides the primarY- internal change 
which it works, work sundry secondary 
changes, as well as tertiary changes still 
.more multiplied" (ibid,§ xss). 
-. 'Thus we realise that these changes, 
which would go on to a comparatively 
small extent were, organisms exposed to 
constant external conditions, are kept up 
by the . continual changes in · external 
'conditions produced by astronomic, 
geologic, meteorologic, and organic 
agencies. - So the · result is that, to 
previous complications of structure 
causefi by previous· forces, new compli­
cations are continually being added by 
ne}V forces. Hence there aris!!s greater 
and greater variety in the structures of 
individuals and in the structures of 
species, both of plants and of ,animals. 

Had the whole of the universe been 
designed as one factory for the sole 
purpose of trying every possible experi­
ment, in order that natural selection 
should have the widest possible chance 
of determining which forms were best 
suited for the several environments, no 
surer method could be imagined than 
this which we see in operation_ in the 
world, with its ever-changing organisms. -

Hence it is that we find progression to 
tesult " not from a special inherent 
tendency in living bodies, but from a 
general average effect of their relations 
to surrounding agencies." 

This outline is far too incomplete ; 
but it shows, at any rate, that there is no 
lack of number and variety in forces to 
produce organic evolution. And when 
some ill~informed opponent says that he 
cannot believe that " man came from 
monkeys," or that "man came from 
clods," he but tells us that he has 
neither grasped the principles of Evolu­
tion, nor. once realised that millions of 
ever-changing ~uences. have been at 
work on millions of plastic forms through 
a period of time of practically infinite 
duration. Here, however, reason may 
rest. Whatever are the difficulties in 
the way of accepting Evolution, the 
absence of sufficient forces and of 
efficient causes is not one of them. 

CHAPTER XIII. 

LIFE AND HOPE 

MANKIND is rightly afraid of being 
bereft of hope. _ The unavoidable 
miseries of life are so terrible that men 
have .sought. out many inventions in 

order to deaden the anguish of sorrow, 
or to paint a mask on the grim features 
of coming doom. ...,_ 

And _not unnaturally some ask : How 
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does the doctrine of Evolution help us? 
Is life darker or brighter for its teach­
ing? We must carefully consider our 
answer. 

It is agreed that the teachings of Evo.: 
lution deal with subjects of the deepest 
interest-the relation of man to the 
universe, and the relation of the present 
universe to a practically infinite past and 
future. Few can deny that the message 
of Evolution has revolutionised every 
department of knowledge and thought in 
less than fifty years. ' 

Naturally many cannot -understand 
the doctrine. The words are new, the 
thoughts, are new, and, above all, the 
attitude of mind demanded is new. 
Coming to people who have never 
studied science, falling upon ears plugged 
with many superstitions, unfolded before 
eyes which have never been trained to 
see facts, there can be no wonder that 
this message of immortal Nature to her 
latest child plunges him into a whirlpool 
of difficulties. · 

·Early man formed false notions of the 
world and his relationship to it. These 
notions have -been taught with the 
highest sanction of authority and the 
persistence of constant reiteration, till 
inquiry has been paralysed and reason 
poisoned. · 

For instance, all men learn that the 
sun rises and sets. This has long 'since 
been demonstrated to be a false account 
of the matter ; but how few men, in the 
most civilised countries, habitually think 
of the facts as they are? 

In face of this fact, one dimly realises 
that thousands of generations may have 
to pass away before the average man 
will think correctly of the other -and 
more complicated relationships between 
himself and the universe .. 

Even to men who recognise that Evo­
lution affords the only reasonable expla­
nation of facts as we see them, there are 
points which cause them to stumble. 

Thousands of men fall into a slough 
of error because they look for the begin­
ning, in a cycle of events which has no 
beginning. They cannot grasp the 

grandest ·and most- revolutionary dis­
covery of the last century-namely, that­
matter and motion are without beginning 
and without end. To such the pheno­
mena of the universe must remain an 
insoluble problem. . . 

Others are bewildered by time. These 
could grant that Evoiution has done all 
which is claimed for it,- but it would 
require such an infinite period of time~ . 
Yet the eternity of matter and motion 
removes this difficulty. 

No man knows what is meant 'by a 
million years, and when we -speak of 
twenty 'or a hundred million years we 
might -·as well speak of eternity. Pro­
bably- it is more than a hundred million 
years since- our little earth was thrown 
from the sun as a belt of vapour ;· and 
who shall calculate. the millions of years 
which have elapsed since the first tiniest 
cell began that marvellous development 
which has resulted in. the- body of man 
with its thinking brain? This difficulty 
with ~egard, to the duration of time is as 
utterly erroneous as the self-made diffi- . 
culty about a beginning where there is 
no beginning. _ · 
· Others who can easily surmount both 
of these- difficulties are haunted by· a ·_ 
nightmare which they call " the missing 
link." · At this time of <lay to speak .of 
" the missing link " is to show that th,e 
speaker has not clearly grasped the 
principles of Evolution. No Evolutionist 
supposes that _man has come from any 
existing species of monkeys: He merely 
says that the apes and man must some­
where have had a common ancestor. 
But there is nothing startling is _this 
statement compared with many other · 
statements which pass unchallenged by 
the objector. Man and fish had, then, 
a common ancestor ; man and the oyster 
had a common ancestor; nay, man and · 
the thistle had a common ancestor. For 
all. forms of living things, animal and 
vegetable, arose from that first. crude 
vegetable cell which hovered . on , the 
border-line of inorganic. matter. This 
cell was simpler and smaller than any 
form of cell we know, and probably our -
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most delicate instruments could not 
have · determined that it was _a living 
organism. · · 

To grant all these earlier stages of 
development which have been so· well 
established, and then to raise a question 
about "the· missing link" between mon­
keys and men, is to miss the whole point 

· of Evolution. _ As well might we ask 
foi the missing link between an oak and 
an ash. By the w!J_ole theory of Evolu­
tion, the highest ape can only be a. far 
distant cousin of the human family, and 
cousins far removed do not look for any 
connecting link except ancestry, and this 

·link we have already abundantly fur­
nished. 
- Read the ·words of the master 6n this 

subject. In The Ori'gin of Speczes, page · 
265, Charles Darwin says:- -

... In the first place, it should always be 
home in mind what sort of intermediate 

.·formS must, on the theory, have formerly 
_existed: I have found it difficult, when 

· looking at -any two-· species, to _:avoid 
picturing te myself forms directly inter­
m~diate between· them. _-But this is a 
?Vhol/y false vz"ew j · We should always 
look fm: forms intermediate between each 
species and a common._" but -unknown 

_ progenitor ; and ·the progenitor will 
_ generally have differed in some respects 
from all its ·modified descendants. To 
give a simple-illustration, the fantail and 
pouter pigeons are both descended from 
the rock-pigeon; if we possessed all fhe 
intermediate ·varieties .which have ever 
existed, we should have· an extremely 
close series· between both and the rock­
pigeon ; but we should have no varieties 
_directly--intermediate between the fantail 
and the pouter ; none, for instance, come 
.bining a tail somew~at expanded with a 

. crop somewhat -enlarged, the charac­
teristic. features· of these two- breeds. 
These ·two breeds,· moreov~r,-, have be­
come so modified that,. if we had no 
bistorical or direct evidence regarding 
their origin,~it would not have been pos­
sible to have determined, from a mere 

· comparison of their structure with that 
of the rock-pigeon, C(o!umba Iivia, whether 

they had descended from this species or 
from some other allied form, such as 
Columba ot'nas. · 

" So with natural species, if we look 
to forms very distinct-for instance, to 
the horse and tapir-we have no reason 
to suppose that links directly inter­
mediate between them ever existed, but 
between them and an unknown common 
parent.... The common parent vtill have 
had in its whole organisation much 
general re~emblance to the tapir and to 
the horse ; but in some points of struc­
ture may have differed considerably from 
both, even perhaps more than they differ 
from -each other. Hence, in. all such 
cases we should be unable to recognise 
the parent form of any two or more 
species, even if we closely compared the 
structure of the parent with that of its 
modified descendants, unless at the same 
time we had a nearly perfect chain of 
the intermediate links." 

Finally, With another set of men these 
difficulties have not much weight. They 
have a different difficulty-the origin of 
life. This difficultY. is one of a large 
group of difficulties which have been 
created by stating 'the problem wrongly. 
If we begin by saying that Time, Space, 

_ Moti·on~ Consciousness, and Life are 
things in· themselves apart from 1mztter, 
then-we have created a difficulty which 
the brain of man cannot solve. B1,1t • 
note, this kigd of difficulty is caused by 
a pure assumption. · _ 

Time and Space are not things.; they 
cannot be caught or ·measured; they -
:Pave no- separate existence independent 
of phenomena. · 

Motion is not a thing in itself; it· has 
nowhere ever been known except ,as a 
pro:Perty of matter; to have motion there 
must be matter capable of changing its 
form or position. - · 

Consciousness is not a thing in itself; 
it is a state of brain action ; it has never 
been found apart from matter. 

The whole of this class of difficulties 
has been created by man, and Life, like 
the rest, is not a thing in itself. Is it 
likely that, in the long history of tens of 
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thousands of years, man would never ' place in plants and metals just as _m 
have discovered life, if such a thing animal tissues" (p. 182). _ 
existed? There is no thing_ which we There is therefore no need to maintain 
can call life, if we think accurately. We the notion of duality._ . 
ought to say there are living bodies, He has proved that animal tissues, 
living things, for what peopl!'! mean by plants, and metals, all alike respond, 
life is a state or condition found in grow tired, can be poisoned, anq thus 
certain· arrangements of matter. Life, killed. 
apart frc:?m matter, is as inconceivable as _ "Thus living response , in all its 
motion apart from matter. diverse manifestations is found to be 

Recently much evidence has been only a repetition of responses seen in 
given that life and thought (including the inorganic. There is in it no element 
consciousness) are, as Spencer defined of mystery or caprice, such as we must­
them, but processes of change. admit to be applied in the assumption of 

Professor Bose, in his great book a hyper-mechanical force, acting in con­
(rgo2), Response in the Living and Non- tradictiorr or defiance of those physical 
living, has proved beyond doubt that the laws that govern the world of matter" 
same electrica] response can be ob_tained (p. 189 ). The phenomena~ of response 
by the same means from animals, vege- "are physico-chemical phenomena, sus­
tables, and metals. ceptible of a physicaL inquiry as definite 

He says (p. 18r): "The irritability of as any other in inorganic regions" 
tissue, as shown in its capacity for (p. rgo). He shows that these laws,_ 
response, electrical or mechanical, was which know no change, act "equally and 
found to depend on its physiological uniformly throughoyt the organic· and 
activity. Under' certain conditions it the inorganic worlds" (p. 1:91). · 
could be converted from the responsive It is too ·early yet· to realise how 
to an irresponsive state, either tempo- vastly this great demon-stration of uni­
rarily as by anresthetics, or permanently formity must revolutionise our notions of 
as by poisons. When thus made per- life, but we must recognise that our. 
manently irresponsive by any means, the artificial divisions between the living and 
tissue was said to have been killed. We the not-living are rapidly ''vanishing into · 
have seen further that from this observed thin air.~' ~ , 
fact-that a tissue when killed passes We now see that the difficulty, called 
out of a state of responsiveness into that the origin of life, rests· on two flagrant 
of irresponsiveness; and from a con- assumptions-(r) that· there is a thing 
fusion of 'dead' things with inanimate called life, apart from all other things j 
matter, it has been tacitly assumed that and ( 2) that this thing had a beginning at 
inorganic. substances, like dead animal some distant point in the world's history. 
tissues, must necessarily be irresponsive, It is hardly necessary to point out 
or incapable of being excited by stimulus that, in all his experience, man has never 
-an assumption which has been shown found warrant for either of these assump-
to be gratuitous." tions in the land of fact. . 

To explain the irritability of ·tissue In classifying the phenomena of the 
some physiologists had recourse to a universe, there are certain states which 
super-mechanical power, which they we call living._ Now,_ many are afflicted 
called "vital force." This was a mys- witb horror at the mere thought that it 

.tical explanation, which was no explana- could have been possible for the living 
tion, and introduced the notion of condition to be evolved from the not­
duality. But Mr. Bose proves "that living condition. Such a development is 
not the fact of response alone, but all often called "spontaneous generation." 
those modifications in response which The term is a bad one, though as it is 
occur under various conditions, take well known we retain it. 
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But we· must be careful to understand 
. the stage to which we apply it. A few 

years ago experiments were made by 
sealing ·up boiling water in large vessels 
and keeping it for a long time ; then the 
vessels were opened, and nothing had 
grown in the water ! - .Clear proof this, 
said the wiseacres, that every living thing 
,comes from a germ t _ · 
' Of course, it is a ·waste of time to 
point out to' such people that the 
Evolutionist, when he -looks for the 
nrst living forms, looks' for something 
smaller and simpler than infusoria. To 
expect ·advanced or organised beings to 
appear straightway out of the. inorganic 
is not evolution, but that miracle called 
by John Milton creation:-
The giassy ciods now calved ; now half appears 
The tawny lion, pawing to get free 

-His hinder parts. 
There can be nothing more comic 

than this no~ion of Milton's except the 
fact that many people now living in 
Britain believe it. _ · . 

Again, I emphasise, ~e are not looking 
for a beginning which started with full-
blown maturity. _ 

We might remember , also that the 
conditions suitable for living things never 
have been those of boiling water stored 
in air-tight jars. . 

The.inquirers who seek the beginning 
of living forms under these conditions 
would act more rationa,lly if they pegan 
to study the- laws of their own health 
when they had made their own mouths 
air~tight. 

·The phrase "spontaneous .generation" 
describes _no phase of Evolution, for as 
far as nature is knowu there is no event 
or act which is spontaneous in the strict 
sense of that word. 

In order to attempt to understand 
how living forms arose, we will. first read 
Mr. Herbert Spencer's letter on the_ 
subject (at the ·end of Principles of 
Biology, vol. i. ). 

" I conceive that the moulding of such 
organic matter into the simplest types 
must have cqmmenced with portions of 
protoplasm more minute, more indefinite, . . 

and more inconstant in ·their characters 
than the lowest rhizopods-less distin­
guishable from a mere fragment of 
albumen than even the protogenes of 
Professor Haeckel. The evolution of 
specific shapes must, like all other 
9rganic evolution, have resulted from the 
actions and reactions between such 
incipient types and their environments, 
and the continued survival of those 
which happened to have specialities best 
fitted to the specialities of their environ­
ments. To reach by this process the 
comparatively well-specialised forms of 
ordinary infusoria must, I conceive, have 
taken an enormous pu;iod of time." 

The conception of a first organism in 
anything like the correct sense of the· 
words is wholly at variance with the 
conception of Evolution, and is scarcely , 
less at variance with the facts revealed 
by the microscope. The lowest things 
are not, properly speaking, organisms at 
all; they have no distinct parts-no 
traces of organisation. 

This xagueness, inconstancy, want of 
structure; seen in the simplest of living 

.things, must have been still more decided 
when, as at first, no forms, no types, no 
specific shapes, had been moulded. " I 
distinctly deny the 'absolute commence­
ment of organic life on the globe.' The 
affirmation of universal evolution is in 
itself the negation of an ' absolute com­
mencement' of anything." 

Every kind of being is conceived as a. 
product of modifications, either of a pre­
existing being or of pre-existing inorganic 
compounds.· . 

" That organic matter was not pro­
duced all at once, but was reached through 
steps, we are well warranted in believing 
by the experiences of chemists. Organic 
matters a.re produced in the laboratory 
by what we may literally call artificial 
evolution. Chemists find themselves 
unable to form these complex combina­
tions directly from their elements ; but 
they succeed in forming them indirectly 
by successive modifications of simpler 
combinations.'' 

A compound containing two elements 
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is called a· binary compound ; one con­
: taining three elements is called a ternary 

compound. 
For instance, beginning with a binary 

compound, as ammonia, N H3, a higher 
form is obtained by replacing one of the 
atoms of hydrogen, H, by an atom of 
methy~ so producing methyl-amine, N 
(C H H); then, under the further action 
of methyl, is produced the still more 
compound substance, dimethyl-amine, 

. N (CH) (CH) H. In this way highly 
complex substances are at last built up. 

Without confusing the reader by a 
mass of chemical signs, three things are 
clear:-

1. Organic forms can be made out o( 
inorganic elements. 

2. These forms can only be made 
gradually. 

3· One compound substance can act 
upon another to produce a still higher 
compound. · . 

It is in such a stage as this that the 
origin of the lowest living forms is to be 
looked for; then, at any rate, we shall 
begin to see what we mean when we talk 
of the origin of life. We are not looking 
for organisms, however small, but for 
bits of living protoplasm which have no 
distinction of parts, and which are so 
small and simple that only by scientific 
instruments can they be discovered at all. 

It should hardly be necessary to point 
out that, when these low first living 
forms were evolved; the conditions of 
the earth were widely different from those 
now prevailing. 

We should also bear in mind that no 
one can prove or disprove whether such 
living forms are still coming into 
existence. 

If we turn from Mr. Herbert Spencer's 
account to Haeckel's History of Creation, 
we find that this great thinker takes 
practically the same view. 

Beginning at p. 327, he thus states the 
case:-

" As the terrestrial ball cooled, water 
formed. This was most important, as 
all animals and plants are largely made 
up of it. 

" \-V e know, therefpre, that at one stage 
of the world's history there was no living 
thing or organism.· . 

" How are w,e to conceive the origin' 
of the first organisms ? 

" 'V e must first form a clear concep­
tion of the principal properties of the 
two chief groups of natural bodies-the 
inorganic and the organic. . 

"The three fundamentaJ properties of 
every natural body are matter, _form, 
force. 

"1. Matter.-Every e1ement found in­
animal and vegetable bodies is also 
found outside them in the inorganic. So 
the difference is not in the material 
which composes them; . 

"2. Form . ..:_ In Monera the whole 
body-a semi-fluid, formless, and simple 
lump of albumen--consists, in fact, of 
only a single chemical combinaticm, and 
is as perfectly simple in its structure as 
any crystal which consists of a single 
inorganic combination. . 

" Among Radiolaria and other Protista, · 
the body, in the sa1Jle way as crystals, may 
be traced to a mathematically determin· 
able fundamental form, and the form in 
its whole, as well' as in its parts; is 
bounded by definite geometrically deter­
minable planes and angles." (''Details 
and Proofs," Morphology, pp. 375-574). 

"Moreover, there are perfectly amor­
phous organisms; , like · the Monera, . 
Amreba,- etc., which change their forms 
every moment, so that we are as little 
able to point ·out any definite funda­
mental form as in the case of the shape­
less masses we term inorganic. · -

" 3· Forces or phmomena of motion. 
" Here we meet with the. greatest 

difficulties. When we take the simplest 
forms, we ~arn that all vital phenomena, 
and, above all, the two f4ndamental 
phenomena of nutrition and propagation, 
are purely physico-chemical processes, 
dependent on the material nature of the 
organism, just · as all the physical and 
chemical qualities of every crystal are 
determined solely by its material compo­
sition. 

"The most influential force in 
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organisms is carbon. We are driven to physical condensation of the outermost 
the conclusion that there is a unity of mass, or as a secretion. 
organic and inorganic nature ; an essen- "The elementary organisms are also 
tial agreement . between • the inorganic called form-units or plastids. There are­
and organic in matter, form, force. -- . two main groups, the cytods and the 

" Now, we ask, is there such a thing cells.- · 
as autogeny, or 'spontaneous genera- "Cytods are like Monera, pieces of 
tion'; that is, can _a living organism arise protoplasm without a kernel. 
naturally out_ of the inorganic ? • " Cells, on the other hand, are pieces 

"We have seen that Monera are so of protoplasm with a kernel. 
nearly allied to the . inorganic that they· " Each ·of the§e two groups is again 
may be termed 'organisms without divided into two, according. as they 
·organs~ In a perfectly-developed and a _ RQSSess or do not possess an external 
freely motile state, they present nothing covering ·(skin, shell, er membrane). So 
but a simple lump of an albuminous we have four grades of plastids. 
combination of carbon. . - "I. Simple cytods. 

"Now, the discovery of these low • "2. Encased cytods. 
· organisms has made- the "origin of life' '"' 3· Simple cells . 
. comparatively easy to understand. We " 4· Encased cells. 
have found these living things on the "Probably group I, the simple cytods, 
very ·border-line of the inorganic. naked pieces of protoplasm without 

_ Organic compounds of carbon, as alcohol, kernel, like living Monera, are -the .only . 
acetic acid, formic acid, can now be.made plastids which directly come into exist­
~by chemists. And there is every likeJi. ence .. by spontaneous generation-i.e., 
·hood that complicated albuminous com- arise out of inorganic matter. 2,- 3, and 
binations·will be prod~ed artificially." 4 arose out of I, by Natural Selection. 

~- There ,..is ncr longer- a deep chasm We thus obtain a simple and natural 
_between !he inorganic and the organic. connection in the whole series of the 
·And since ~rofessor Loeb has succeeded development of nature." · 
in TertilJsing the eggs of the sea-urchin · .- We must either accept some such 

·by chemistry, the chasm is at least half- origin of living organisms, or believe in a 
. bridged over already. Haeckel con- miracle, and·· say that Evolution only 
tinues =- partly applies to the development of 

_ · ·"We have seen that these tiny lumps living .things. 
of_- jelly (protoplasm) which are living _ ~ Since Haeckel wrote ·this, other dis­
animals (Monera) ar_e without any organs .coveries have been made, especially that 
or -parts, withont kernel (nucleus). or on the voyage of the Challenger, when 
covering :(-cell wall), so that they lie on peculiar little bodies were found largely 

--the-border-line of the inorganic. diffused over the bottom of the oeep sea . 
. " By developing a nucleus, one part These very small bodies are known as 

becomes separate from the rest, and the Coccoliths. Their size ranges in length 
moileron becomes a cell. Every animal from mir to rrh-u- of an inch. 

· ,!lnd plant ·at the beginning of its. life is The man who can form any idea of 
such a ceU-a . simple lump o~ mucus the minuteness of bodies, eleven thou­
containing a "kernet- _ sand of which are required to make an 

" This kernel" arose, probably, by con- inch, will no longer look for organised 
densation of the innermost ·central part_ animals in boiled water which has been 
JJf the albumen ; this made a separation kept in air-tight jars. - -
of parts;.- In the same way a further Many great names could be added to 

. separation -was effected when the first Spencer and Haeckel in support of this 
cell membrane was formed on its surface, common-sense view of the origin of living 
either as a chemical deposit or as a forms ; but, fortunately, science does not 
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rest on authority : it rests on· observed 
facts and the application of reason to 
those facts. 

We will, however, give two 'other 
important presentations of this view. 
First we turn to that truly great book, 
Tlze Grammar of Science, by Professor 

-Karl Pearson (second edition, 1900). 
On page 357 he says:· "There are two 

elements in Natural Selection-environ­
ment, which may. be either organic or 
ino.rganic, and death, as a process of 
eliminating those less fitted to this 
environment." _ 

All sorts of chemical products may 
have first arisen in the azoic -period. 
"Scientifically we might describe these­
products as the complex· dances · of 
corpuscular groups." 

As group met group some would retain 
their individuality (be stable), others 
would not. This may be called physical 
selection, where the environment is more 
inorganic than organic. 

Still it is perfectly true, "As a matter 
of fact, 'Natural Selection' in its true 
meaning covers inorganic just as much 
as organic selection." 

On page 346 Professor Pearson states 
the case clearly : "Those who accept 
the evolution of all forms of life from 
some simple unit, a protoplasmic drop 
or grain-and this scientific formula is 
so powerful as a means of classification 
and description that no rational mind is 
likely to discard it-will hardly· feel 
satisfied to stop at this stage. They 
will demand some still more wide­
embracing . formula, which will bring 
under one statement their perceptual 
experience of both the living and the 
lifeless. 

"Here the physicist comes in with 
some • very definite conclusions. He 
tells us that, in order to classify his per­
ceptions with regard to the earth, he is 
compelled to postulate a period, distant, 
it is true, many millions of years back, 
in which, owing to conditions of fluidity 
and temperature, no life, such as we now 
know life, not even the protoplasmic 
grain, could have existed on the earth. 

This period has been termed. the azoic 
or lifeless period, but we must be careful 
that we mean by lifeless· only 'witlzout 
life as we now !mow it.' . - . 
. "There· are -three hypotheses which· 

say how living things-have arisen_:~· . 
· "(a) Life may be conceived as based 
upon an organic . corpuscle which is 
·immortal-that is to say, it wil~- with 
suitable environment, continue tO:. exist 
for ever. This hypothesis may be termed 
the perpetuity of life. _ · - . · 

''(b) Life may be conceived as gene­
rated from a special union of inorganic 
corpuscles, which union may take place 
under favourable . environment.- This 
hypothesis _is termed the ·spontaneQus· 
generation of life. 

"(c) Life may have arisen from the 
operation in time of some ultra-scientific 
cause. ·This is. the hypothesis of a special 
creatitm Of life." . . . · · 

N9w, hypothesis· (a) contradicts· the 
fact of the azoic condition of tbe .earth. 
So two great men, Von Helmholtz _and 
Lord Kelvin, suggest that a meteorite 
may have brought the protoplasmic_ drop 
to our earth ! . _ · 

But -meteorites travel _through such 
extremes of heat and cold thai to believe . 
in the possibility- of. any living thing 
enduring them would require more 
ima_gination than is possessed_ by ordinary ~ 
mortals. -

Hypothesis (c), which starts with an 
ultra-s~ientific cause, evidently lies _out­

. side scientific inquiry, for man possesses 
no means of discovering such a tause. 

With regard to hypothesis (b), Pro­
fessor Pearson says : " In_ the first place, 
this formula involves the conception of 
forms of protoplasm anteqor. to those · 
wjth which we are at present acquainted, _ 
but it does not suppose these like forms 
to have existed in unlike conditions. 
It postulates that, if we were to go back­
wards, the organic would have . disap­
peared. into the inorganic, before we 
reached the azoic age. After the azoic 
age the physical conditions must be 
conceived as such that the various 
chemical compounds were evolved which 
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ultimatelf culminated in the first protO-
plasmic unit." · 

Professor Lankester (article "Proto­
zoa '') points out the same thing, with 
this important addition : " It seems, 
therefore, likely enough that the first 
protoplasm- fed upon these antecedent 
steps in its OWn evolution, just as animals 
feed on organic compounds at the present 
day." . - . 
· Professor Pearson continues : "These 

· words suffice .to indicate the long ages 
of development that probably lie behind 
protoplasm as we know it. Let us for a 
moment consider that there is possibly 
as ·long an evolution from the chemiCa.! 
substance .to . the . protoplasm we now 
know as from protoplasm to conscious 

· animal life. On the hypothesis of spon­
taneous generation we must conceive 
life as reappearing when and wherevec 
the physical conditions are suitable." 

Again, I can call a remarkable witness. 
'· Professol'" A. E. Dolbear has l\ntten a 
book on Mailer, Ether, anti . ..Jfoli"on 
(1899). The English edition is edited 

. by frofessor Alfred Lodge. Further, 
the book is published ·by the Society for 
the Promotion of Christian Knowledge, 
so it- has the unique authority of the 
highest science and the most respectable 
orthodoxy. The following extracts speak 
with no uncertain sound. · 

. Professor Dolbear shows the difficulty 
of defining life, and that an analogous 
difficulty is met in the attempt to de1ine 
other of the 'so-called physical forces. 
" Light was suppose<l to be a ·created 
something~·; "heat was supposed to be 
a kind· of imponderable. matter," and 
~·therefore was supposed to be an entity." 
" Electricity. and magnetism were sup-

. posed to be fluids." "The regular move­

. ments · of the planets were thought to 
require_ intelligent directive power to 
keep them in their orbits ; but now the 
gravitative property of matter itself is 
held, to be quite sufficient to account for 
all . the observed facts, and the extra­
material directive force is held to be an 
entirely unnecessary assumption" (p. 2 7 8). 

" The discovery of the conservation of 

energy, covering every field that has 
been investigated, led to the growing 
conviction that there are no special forces 
of any kind needed to e:\-plain any phe­
nomena." Vital force used to be sup­
posed to be an entity, but "vital force as 
an entity has no existence." So with the · 
entities above named, one after another 
they have disappeared (p. 278). 

·"Let it be granted that atoms are in 
the neighbourhood of the fifty-millionth 
of an inch in diameter ; then, if a thou­
sand of them are organised into a mole­
cule, its diameter would be about the 
five-millionth of an inch. A speck of 
protoplasm, one ten-thousandth of an 
inch in diameter, would require not less 
than five hundred such molecules in a 

"'tow to span it, and there would be no 
less than 12 5 millions of such molecules 
in the small mass" (p:281). 

"There is no longer any question that 
the qualities of protoplasm are chemical 
and physical, and belong to it simply as 
a chemical substance. Chemists have 
synthetically formed out of the various 
elements a vast number of substances 
that were not long ago believed to be 
formed only by living things ; and there 
is but little reason to doubt that, when 
they shall be able to form the substance 
protoplasm, it will possess all the pro­
perties it is now known to have, including 
what is called life; and one ought not to 
be surprised at its announcement any 
day" (p. 282). 

·"The energy available for all the 
purposes of an animal, inCluding man, 
exists in the material of the body " (p. 
290~ . . 

"Life is a process rather than a con­
ditioh" (p. 292). 

"If there are any that would still hold 
that life is a something sui generfs, that 
may be considered apart from some 
material structure and not as a transfor­
mation process, it will be well for such to 
inquire wha,t can become of such life as 
a grain of com or an egg has, when 
it is cooked, or when either of them 
is laft for months or years, and they 
rot. At first it is .in the grain of 
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corn ?r egg. If it be an entity of any 
sort, 1t must be somewhere else after 
leaving either the one or the other ...... . 
The properties of a mass of matter are, 
by general agreement, the result of the 
arrangement of the matter" (p. 294). 

"It may be said, and often has been, 
that every living thing has an ancestry of 
living things ; and in human experience 
it is true. It is sometimes said that one 
cannot get out of a mass of matter what 
is not in it, which in this case might 
imply that matter itself is alive, though I 
have never heard anyone so conclude. 
If anyone would apply this -dictum, let 
him settle with himself before turning 
a new electrical machine whether the 
electricity he is to get from it is or is not 
in the machine, and how, if it be in the 
machine, he can get an infinite amount 
from it by simply turning the crank. He 
may reach the conclusion that what can 
be got out of a mass of matter depends 
upon its composition and structure" (p. 296). 

In conclusion, one perhaps can do no 
better than to quote the words of Sir 
Michael Foster, Professor of Physiology 
in the University of Cambridge, as to the 
properties of protoplasm : " The more 
these molecular problems of physiology 
are studied,' the stronger becomes the 
conviction that the consideration of what 
we call structure and composition must 
...... be approached under the dominant 
conception of modes of motion. 

" If .such be the case, it is clear that 
the solution of every ultimate question 
·in biology is to be found only in physics, 
for it is the province of physics to dis­
cover the antecedents as well as the con­
sequents of all modes of motion. 

" At the same time, it is well to 
remember that some of the properties of 
matter are inherent, like gravitation and 
magnetism ; while some are contingent, 
like opacity and temperature. Inherent 
qualities are not to be explained like 
wntingent qualities, as depending upon 
kinds and rates of motion, but rather as 
depending upon the nature of the ether 
out of which the matter is formed. Such 
qualities may properly be called physical, 

even though ordinary mechanical laws 
are not applicable to them. If life be an 
inherent quality, it would be as_ inex­
plicable as the nature of the ether~ 
Molecular arrangement might determine 
its manifestation, but not ·its existence " 
(p. 2 97). - . 

_ At the end of Professor Dolbear's 
book are notes from seventeen· .distin­
guished men of science. Among them . 
is Sir John Burdon-Sanderson, Regius 
P.rofessor of Medicine at Oxford, whose 
fame is-known to' the world as that of an 
exact scientific observer and discoverer. 
He says:-- 'fIn physiology the word life 
is understood to mean the chemical and 
physical activities of the parts of which 
the organism consists." · 

All the other notes support this view, 
and they are from the works of W. K. 
Clifford, C. S. , Peirce, George Chrystal, 
John Fiske, Hae~kel, Hoffding, Helm­
holtz, Claus and , Sedgwick, Wundt, 
Huxley, Ray Lankester, G. Stanley Hall, 
Professor E .. L. Mark,. Lang-, 0. Hertwig, 
and Professor- J. S. Kingsley. . 

P.erhaps a stronger agreement on .any· 
scientific point could not be found than 
this, · which proclaims that the only 
reasonable account of living things' is . 
that by chemical and physical laws they 
have originat~d fro~ those atoms which 
form inorgaqic matter. · . · · 

Mr. J. Arthur Thomson, in his book, 
The Science. .of Life (published 1899), 
says::- . 

" In his presidential address to the 
British Association, x87o, Huxley .ex­
pressed his opinion that, if he could have 
been a witness of the beginning of · 
organic evolution, he would have seen 
the origin of protoplasm from not-living 
matter" (p. 99). 

. " The opinion , towards which . the 
majority seem to swing round is that 
which was expressed with great clearness · 
by Haeckel in I 866, that analogy points 
to an erstwhile origin of living matter­
from not-living matter. The botanist 
C. Von Nagel~ the zoologist Ray 
Lankester, the physiologist Pfliiger, may 
be mentioned as prominent workers· 
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who have more or _less fully accepted 
Haeckel's position" .(p. Ioo). 

This evidence, in fact, brings us to a 
former conclusion, that life is the function 
of matter, when matter is combined in a 
certain way imd under certain condi-
tions. _ 

So when Mr .. F. Wollaston Hutton, 
F.R.S., says: "Now, in the origin of 
living substance on this planet we have 
a case which is generally recognised as a 
break in continuity," he either uncon­
sciously or wilfully misrepresents the 
case, as do many others who make the 

. same statement. -
_ Opinion may long remain divided on 

this point, but the Evolutionist- has no 
_room for "a break_ in continuity," and 
if living things did not ~volve in some 
such -way ·as Spencer;_ Haeckel,_ and 
Pearson have shown, ·then Evolution 
would be· a broken system and_ of little 
value. . - - - -
_ "'He tbat hath eyes to see, let him 
see." _-- - ' . - . 
_ The ·earnest student will find thou­
sands of other facts and reasons, besides 
those given in this -book, to enable him 
to · see the length and breadth of the 
unifying doctrine of Evolution. And by 
'degrees·· the world •· will be clothed in 
new grandeur, and human life will show 
the possibilities of. new 'beauty -and a 
higher achievement. ' · 

To grasp- fully the teaching of Evolu­
_tion is to pass from a condition of help­
less isolation 'to one of universal brother- . 
hood_ with the universe. Man - is---- no 
longer to be treated. as a solitary, maimed 
lodger in a world of dust and ashes. But 
by _learning the laws of the universe, and 
by knowing that he, too, must conform 
to ·those laws, he is ·enablea to march 
unerringly to the highest goal,- - _ _ 

It may:be- that the dreams of -child­
bood will perish and the idols of youth 
crumble· to dust ; but the living truth 
abides. 
·- Learning that environment is -little 
short of an almighty power, ·man will 
also 'learn to seek the best environment 
and to shun the worst; and-bis feeling <>f 

brotherhood will prevent him from offer­
ing pictures of the ideal to men who are 
cursed with the squalor of slums and 
starvation. 

Every system of art, of morals, of 
education, and of religion will have to 
rise to the plane of the highest-the 
loftiness of known facts and laws under­
stood, and therefore capable of applica­
tion. 

In this redemption of mankind from 
the necessary but hideous ghouls of a 
savage past lies the_ surest hope of man. 
At present no man can imagine what 
human life might become if men were 
free and reasonable, _so that they could 
pursue truth and righteousness with open 
eyes and an unterrified conscience.-
, Our methods of education might 
become true and scientific, so that, 
instead of wasting the energy of every 
new generation in learning a few frag­
ments of Greek and Latin, or in asking 
metaphysieal conundrums in the fruitless 
endeavour to. turn ancient assumptions 
into living facts, we might train an army 
of men and women to see the laws of 
the universe, and to reach the highest 
life in obedience to tbos~ laws. This 
would give us a true Sociology. 

-Psychology _can l:Je understood only 
when based on Evolution. Only by a 
knowledge of . the _lower organisms and 
by tracing intelligence to its first manifes­
tation can -we hope to understand the 
working of the human brain. The old 
psychologies are bags of wind anchored 
to a few assumptions, not one of which 
can-oe shown to represent a real-exist­
ence. And until we have a sound; work­
able ·psyGboJogy we look in vain for .any 
great development of intelligence, or for 
any practical system of education. 

But perhaps Evolution ·will confer the 
greatest benefit on man in the science of 
ethics. False morals, referred to a false 
standard, represented as due to false 
causes, have wrought deadly havoc for 
thousands of years.: But the Evolutionist 
knows that _Ethics are a part of the 
cosmic process. They are as natural as 
gravitation. When once we realise this, 
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we shall begin to look for the facts and 
laws of true morality, and not waste our 
time in trying to paint- the dreams of 
other men on the living tissues of every 
generation. · 

But better days and the higher life 
await us. Even in art, education, ethics, 
and systems, the survival of the fittest 
prevails, and a. new order of life of 
greater stability, reason, co-operation, 
and refined sympathy will yet become 
the common heritage of the race. Man 
does march from his savage past, and, as. 
surely as he has learnt to omit canni-

balism from his banquets, so surely will 
he attain to a life of justice anq brother-
hood. · 

Meanwhile we, who weep at the self­
inflicted miseries· -of man, rest in sur~_. 
and certain hope that no force and no 
combination of forces tan stop that. 
process of Evolution which [rom a speck .. 
of jelly has developed such living forms 
as Charles Darwin and_ Herbert Spencer,. 
and which has produced the beauty of 
the earth and the heavens from formless 
ether. 
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EXPLANATION OF WORDS 

,[In the following list, G. means that the word comes from the Greek, and 1;.. means that the ~ord 
is from the Latin.] · , • 

ABDOMINAL (adjective from abdomen, L: ab-do, 
fo put away): Applied to the belly; generally 
to all the part below the ribs. 

ALIMENTARY CANAL ·(L. a/immtum, nourish· 
ment, food) : The whole passage, from the 
mouth to the vent, in which food is digested. 

ALLANTOIS (G. a/las, a sausage, and eidos, form): 
So called because it is like a sausage in shape. 
It is a bag of membrane developed from the 
hinder part of the alimentary canal in the 
embryos of reptiles, birds, and mammals. 

AMNION (G. amnos, a lamb; amnion, a little 
lamb): So called probably on account of its 
form. It is a bag containing fluid, developed 
round the embryo, called the" bag of waters," 
found in reptiles, birds, and mammals. All 
animals which develop this sac as they grow 
are called amniote animals. 

AMcEBA, or AMEBA ; plural, AM<EBJE {G. 
amoibi, change): This little body of proto­
plasm is so named because constantly changing 
its form. The amreba is a small animal, and 
is a species of rhizopod, one of the lowest 
animal forms. . , . 

ANCHITHERIUM (G. ancki, near, and tlzirion, a 
- wild beast) : The name given to a fossil 

animal which seems to connect the early form 
of the horse with other classes. 

ANTHROPOID (G. antltropos, man, and eidos, 
form) : Applied to the higher apes whose form 
resembles the human. 

AORTA, plural AORTJE (G. aorte, from aeiro, to 
raise): The great vessel (artery) which in man 
circulates the blood containing oxygen to all 
parts of the body except the lungs. 

AORTIC (adjective from aorta): Belonging to 
the aorta. Aortic arches are the vessels which 
carry the blood to the branchiae (gills) of fishes. 
These arches are found in the embryos of 
mammals at a very early stage. 

APTERYX (G. a, not, and pteryx, wing) : A New 
Zealand bird (kiwi) with small, undeveloped 
wings. 

ARCH.£OPTERYX (G. archao, old, and pteryx, a 
wing, frompetomai, to_fly): A fossil bird. 

ARITHMETICAL INCREASE (G. arithmos, 
number) : Increase by any constant sum being 
added, as 2, 4, 6, 8, IO ; geometrical inc.-ease 
is multiplitation by any constant sum, as 2, 4, 
8, 16. 

ARTHROPODA (G. arthros, joint, andpodes, feet): 
The class of creatures with jointed limbs, as 
crabs and spiders. 

ARTICULATA (L. articu/atus, jointed): A term 
often used in place of arthropoda. 

BALANOGLOSSUS (G. ba/anos, acorn", and glossa, 
the tongue): l'he acorn-worm. 

BIMANA (L. bis, in a twofold manner, and 
• manus, a hand).: Meaning two-handed. An­

old term .for the division of animals including 
only man. _ 

BRACHIOPODS (G. brachus, short, and podes, 
feet) : A class of marine mollusca, or soft­
bodied animals, furnisQ.ed with a bi-valve • 
shell. They are usually found attached to 
some submarine object. · · 

CAMBRIAN (literally, belonging to Cambria,' o~ 
Wales):-ln geology, a bed of very ancient 
rocks, lying immediately below the Silurian. 

CARPUS· (G. karpos, wrist): The wrist, having'. 
eight small bones in two rows. METACARPAL , 
BONES are the long bones in the back of the 
band, between the wrist and the knuckles. 

CAUDAL (L. cauda, a tail) : Of, or belonging to, 
or near to the tail. - · 

CEPHALOPODA .(G.· kepka!i, head, and pous, a 
foot) : The highest division. of mollusca, con- . 
taining such creatures as the cuttle-fish • and 
nautilus. They are distinguished by having 
the mouth surrounded by fleshy arms, · or 
tentacles. 

CILIATE, CJLIATED, CILIARY (L. ci!iuni,. eye· 
lid) : Furnished with, O! pertaining to, CILIA, 
which are small (generally microscopic), hair-. 
like, and vibrating appendages. 

CLOACA (L. doaca, a sewer) : The. common 
chamber into which open the ends of the . 
alimentary canal, the .urinary organs, and the 
reproductive organs, in ·the case- of some 
animals, such as fowls. · . 

C<ELENTERATA (G. koilos, hollow, and enteron, 
intestine, from en, within) : A branch of 
animals with a hollow in the entire interior of 
the body. This hollow has to do the work of 
circulation. and digestion. . Corals and jelly-
fish are of this order. . 

COMPSOGNATHUS (G. kompsos, pretty, gnathos, 
jaw) : A reptile with a. beautiful, bird-like 
head. 

CRETACEOUS (L. creta, chalk): Chalky; in 
geology, rocks belQnging to the latest group 
of the reptilian age. 

CRYSTALLINE LENS (G. krysta/los, a crystal, 
from kruos, frost; L. lens, a lentil) : A 
doubly convex clear body in the eye, behind 
the iris, by which the rays of light are 
focussed upon the retina. • , 

DEPOSIT (L; depositum, from depono, to lay 
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down} : Matter settling or settled, as a deposit 
of clay, a vein bf ore. 

DIGIT (1 •. digitus, a finger) : A finger or a toe. 
DIMORPHISM (G. di, two, morplze, form): In 

zoology, difference in -form, colour, etc., 
inarking off two distinct types of the same 

- species. , - -
"l>I<ECIOUS (G. di, two, and· oikos, house): 

Having the male and female organs· borne by 
different igdividuals. · 

DOGMA (G. dogma, opinion, ,from dokeo, to 
think) : A doctrine adopted and asserted on 
authority. -

DORSAL (L. dorsum, back) : Of, or belonging 
- -to, the back. 

EcHIDNA (G. echidna, adder): A pQrcupine 
ant-eater in Australia. , 

_EocENE (G. eos, dawn, kainos, new): In geo­
logy, the earliest period of the tertiary age. 

EOHIPPJJS: See Hippus.· _ 
. EPIDERMIS (G. epi, upon, derina, skin): The 

thin outer skin. _ · 
EXTRINSIC (I-. exter, outside; and secus; besides): 

Beillg outside-not include<! in a thing. 

FoRAMEN (L. foro; to bore): An opening or 
- hole. Foramiiiifera form an order of rhizo­

pods, so called because they bear a shell full 
of small holes. - - - • -

FosSIL (L. fossa, ditch, from fodio, to dig) : 
· Any ~r~:anic body which, by being _buried. in 
. deposrts, has ·been preserved. -. Ltterally, a 

thing dug up. ' . 

GANGLION (G. ganglion, a. tiimour; plural, 
gi:mglia) : Any nerve-centre-{ln enlargement 
consisting of many nerve-cellS: - -

GEOLOGY (G, g~, the earth, and logos, a word, 
, reason,. science) : ·The natural science that 

. treats of the structure and constitution 'of the 
earth. • · 

GEOMETRICAL INCREASE (G. gi, the earth, and 
m#rtm, a measure): _See· Arithmetical in­
crease. 

GESTATION {L. gesto, a frequentative verb of 
• gero, to carry): The act of_ carrying young-:: 

pregnancy. -

• HELIOTROPISM (G. lzilios, sun, and. fropos, 
turn): The chemical change which causes 

. plants or animals to tum to the light.-
HIPPUS (G. kippo, a horse). --

-· -EOHIPPUS (G: eo:r, dawn): The lowest 
eocene horse. 

MESOHI_PPUS (G. mesos, middle): The 
lower miocene hippus. -

MIGHIPPUS : The miocene hippus. 
0ROHIPPUS (G. oros, a mountain-refers 

to the Rocky MountainsT: The eocene 
hippus;· _ · 

PLIOHIPPUS : The pliocene hippus. 
· PROTOHIPPUS (G. profos, first):_ The 

lower pliocene hippus. 
HOMOLOGOUS (G. ho11tos, same; logos, word) : 

-Having a similar structure-of the same 
make-up. 

HUMERUS (a Latin word): The bone of the 
upper arm, or fore limb, from the shoulder to 
i:he elbow. 

HYBRID (L .. lzy!Jriria): The offspring of the 
union o{ two distinct _species. 

INFUSORIA (plural of infusorium, from L. in­
fundo, to infuse or p0ur in): Very small 
-animals which occur in infusions of decaying 
substances. They_ are divided into several 
fantilies. 

INSECTIVORA (L. inuctum, an insect ; voro, to 
devour) : Animals such as shrews, moles, and 
hedgehogs, which eat insects. 

INTRINSIC (L intrinsic-us, frelm inter, within, 
and secus) : Real ; belonging to the nature of 
a thing or person. 

IRIS (G.- iris, a rainbow) : A thin coloured 
curtain stretched across the aqueous chamber 
of the eye, in front of the crystalline lens, 
having an opening which can contract, called _ 
the pupil. When we speak of grey_eyes or 
blue eyes we refer to the iris. _ 

)uRASSIC (literally, of or belonging to the Jura 
Mountains): In geology the Jurassic period 
is the middle age of the mes0zoic, between 
the triassic and the cretaceous. 

LARVA (L !arm, a ghost, spectre, pl. larvtE): 
The first condition of an insect at its isstring 
from the egg, usually in the form of a grub or 

_ caterpillar. 
LAURENTIAN : Applied to a grou~J of extremely -

ancient rocks, very greatly developed along 
the course of the St. Lawrence River, from 
which the name comes. .The Laurentian Hills, 

- along the line of division between Canada and 
. the States, were the first portion of the 

American land lifted above the ocean. They 
are the oldest rocks immediately below the 

_Cambrian,· and contain no fossils, unless the 
· doubtful Eozoon Canadense is of organic 
origin. - : 

LEGUMINOSil': (L. legumen, from !ego, to gather): 
· An order of plants, represented by peas, beans, 

and lentils . 
LENS.~ See Crystalline Lens. 

MANDIBULAR (L. mandibula, jaw) : Of, per­
taining- to, or formed by, the mandible, or 

· lower jaw. · -
MEMBRANE (L. mem!wana, pl. of membrum, a 

member): A thin· sheet-like structure, con­
necting other structures, or serving to cover or 
lirre some part or organ. · · 

MESOHIPPUS: See Hippus. 
METACARPUS: See Carpus. 
METATARSUS: See Tarsus. 
MIOCENE (G. mez'on, less; kainos, recent) : 

Applied to rocks belonging to the middle of 
the tertiary period. 

MIOHIPPUS : See Hippus. 
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l\[oLLUSCA (L. mo/luscus, from mol/is,. soft): 
Animals with a soft body and usually a shell, 
as snails, whelks, oysters, and cockles. 

llluscLE (L. musculus, a little mouse, from mus, 
a mouse) : An organ composed of contractile 
fibres. ~ 

NEURAL (G. neuroH, nerve): Of, or pertaining 
to, the nerves or nervous system. 

NEUTERS (L. ne, not, and uter, either): Orga­
nisms not belonging to either sex-neither 
male nor female. Among social insects, ·as 
ants and bees, the neuters are imperfectly 
developed females, and, as they have the work 
of the hive to perform, they are often called 
" workers." 

<ESOPHAGUS (G.- oisoplzagos-oiso, from future 
of plzero, to bear, and plzagei,., to eat): The 
part of the1 alimentary canal between the 
pharynx and the stomach, commonly called the 
gullet. ' 

ORIENTATION (L. orienta/is, fromoriens, rising, 
orior, to rise, as the sun) : Orient means the 
East, and orientation is the building a church 
upon an East to West line ; so it comes to 
mean generally the act of correcting one's 
conception of an object. 

ORIFICE (L. os, oris, a mouth, and facio, to 
make) : A small opening-a vent. 

0RNITHORHYNCUS (G. ornis, gen., ornit/tos, a 
bird, and rhy~tgchos, snout, beak): The duck­
mole of Australia, which is bird·beaked. 

ORO HIPPUS: See Hippus. 
OssEOUS (L. os, bone): Bony. 

PALEONTOLOGY (G. palaios, ancient, ontos, 
being, logos, science): The science of ancient 
living things, or of fossil organisms. 

PERICARDIUM (G. peri, about, and kardia,_ 
heart) : A membranous bag that surrounds 
and protects the heart. 

PER~IIAN (at first referring to the district of 
Perm, in Russia) : In geology, applied to 
the uppermost division of the rocks ·called 
Paleozoic. 

PHARYNX (G. pharynx, throat) : The part of 
the alimentary canal between the palate and 
the <:esophagus, serving as an air-passage t~ 
the larynx in aduitioa to being a food-passage 
to the gullet. 

PITHECAI'l'HROPUS ERECTUS (G. pit/wkos, ape, 
altthropos, man, and L. b-eet us, upright): 
The name givo:n to the Java man, meaning 
the ape-man with erect walk. 

PuocE:-. K (G. pleiolt, more; kaj,zos, recent): 
The latest division of the tertiary period. 

PROHOSC!S (G. proboskis, from pro, before, and 
busko, to feed): A prolonged, flexible snout, 
of which the elephant's •• trunk" is a good 
example. 

PROGE!'OITOR (L. progenitor, frmu pro, before, 
and gigno, to beget) : An ancestor in the 
direct line. 

PROGSATHOS (G. pro, before, and g,zat!zos, jaw): 
Having the jaws projecting forward, as in the 

Australian and some .Nriean races, and .still 
more in the case of apes. - _ 

PROTOTYPE (G. prolos, first, and tupos, type): 
A first form, or rude and gcmeral design, to 
which later forms are traced. 

PROTOZOON (G. profos, first ; and zoon, animal) ; 
A member of the lowest division of the animal 
family. The plural is PROTOWA. _ • 

PsEUDOPODIA (G. pseudis, false, and podion, 
little foot) : A plural word, meaning processes 

• formed by the temporary extension- of the 
protoplasm of a cell. - · 

PTERODACTYLE (G.pterrm, wing> and daktylos, 
finger): An extinct flying teptile. 

QUADRUMANA (L. quadru or guadri, from_ 
quatuor, -four, and manus, a hand) : The 
group of animals which can use bands and . 
feet for dim bing, as if they had four hands;­
The term - is misleading, aS these animals 
{monkeys and apes) have two hands and two 
feet. - The word is neuter plural. - _ 

RADIUS (a Latin word, pl. radii): In biology, 
that one of the long bones of the forearm 
which is on the same side as the thumb. 

REACTION (L. re, back~ or !lgllin, and action): 
In chemistry, this signifies the mutual action 
of chemical agents, or some distinctive result 
of such action, as the appearance of a pre· 
cipitate. · - _ 

REFLEX ACTION (L. re; and jlecto, to bend) : 
An action produced by the transmission of an 
impulsct to a nerve-centre in its return action 

- independently of the will. As Professor Loeb 
says, " The passage of an_ impulse from the 
stimulated part to the central nervous system, 

- and back again to the peripheral muscles, is 
called a r.eflex." . 

RETINA (L. 'rete, a net): The inner coat of the 
eye; containing the nervous apparatus essential 
to vision. - . · 

RHIZOPOD (G~ rlzi:sa, root, and pous, foot) : A 
member of the rhizopoda, a division of proto: 
zoa including foraminifera,_ amcebre, etc. -_ 

SACRAL-(L. sacra, sacred): Of or belonging to 
the sacrum, the lower part of the vertebral -
column, which used to be offered in sacrifices, 
and so came to l;>e regarded as sacred. 

SALAMANDER (G. sa/ama~tdra): A. lizard-like· 
amphibian, with a tail, but without scales. • 

ScUTEI.LA (a Latin word, pl. scutelk) : A 
small shield or plate, the name being applied 
to the broad scales on the legs of birds. , 

SEBACEOllS (L. sebum, suet) GLAND : A small 
.sac-like gland secreting an oily substance. -

SEMI-HUMAN (L. semi, half): Half-human. 
SEMI-LUNAR FOLD (L. luna, the moon): -A 

fold in the lining membrane of the eye, near 
the inner angle of the e-yelids, in shape like a 
half moon. -

SI!.ROLEMMA (L: serum, whey}: The outer 
sheet of the amnion. 

SQUAMOSAL (L. squama, a scale): Like a scale 
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-ilpplied to a thin plate of bone, especially 
to~ the thin plate of the temporal bone. 
Squamosa-mandibular means pertaining to 

· this squamosal bone and the lower jaw. 

_TARSUS (G. tarsos, any flat surface) : Tbe ankle. 
It consists, in man, of seven bones. · (See fig. 
JO, of the foot~. Tbe METATARSUS is the part 
between the ankle and the bones of the toes. 

TERTIARY (L terli.u, third) : In geology, 
applied to· the bed of rocks between the 
mesozoic (formerly called secondary) and the 
pleistocene lor quaternary) formation. . 

TRIASSIC (G. trias, the number three) : Applied 
to the lowest division of ·rocks of the mesozoic 

- era, underlying the J~c. · 

ULNA (Latin word meaning elbow) : That one 
of the two long bones of the forearm which 
is on the same side as the little finger. 

VENTRAL (L. venter, belly) : Of or belonging to, 
or on or situated near, the abdomen or belly. 

YERMIFORM APPENDIX (L vermis, a worm) : 
A worm-shaped body, which is' slender, 
hollow, and closed at one end, attached to the 
end of the crecum in man and some other 
mammals. The crecum is situated between 
the large and small intestines, and is open only 
at one end. (L caecus, blind.) 

VISCERA (a Latin word, plural of viscus): The 
organs of the great cavities of the body (the 
belly, the chest, and the head), such as the 

- stontach, lungs, and brain. 
VITREOUS BODY or HUMOUR (L. vitrum, glass, 

from video, I see) : The jelly-like mass that 
fills the ball of the eye. 

ZooLOGY (G. sotm, animal; pl., soa; from sao, 
I live) : Tbe science which treats of anintals-

- a branch of" biology. · • 


