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*First man appeared in the class of fnorganic things,

Rext he passed therefrom into that of plants.

For years he lived as one of the plants,

Remembering nought of his inorganic state so different;
And wheu e passed from the vegetive 10 the animal state,
He had no remembrance of his state as a plant,

Except the inclination he felt to the world of plants,
Especially at the time of spring and sweet flowers ;

Like the inclination of infants towards their mothers,
Which know not the cause of their inclination to the breast.
Again, the great Creator, as you know,

Drew man out of the animal into the human state.

Thus man passed from one order of nature to another,
Till he became wise and knowing and strong as he is now.
Of his Airst souls he has now no remembrance,

And he will be again changed from his present soul,’

Masnavi (Bk. IV.) of JALAL AD Dix (18th Century).
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TORY OF CREATION.

A PLAIN ACCOUNT OF EVOLUTIOWN.

o

BY
EDWARD CLODD

AUTHOR OF ‘THE CHILDHOOD OF THE WORLD'

PREFACE.

TuE seope and purpose of this book are explained in the Introdue-
tory chapter, but the justification for its publication in these days of
over-production has to be given.

This lies in the fact that, so far as I know, no work of the kind exists
in brief and handy compass; complete expositions of the theory of
Evolution, foremost among which ranks Mr. Herbert Spencer’'s, being
in bulky volumes with which few readers have the time or courage to
grapple. In attempting to give a clearides of the mechanism of the uni-
verse, I have felt the difficulty expressed years ago by such authorities
ag Sir W. R. Grove and Professor Tyndall, arising from the lack of
precision in standard books on physics in the use of the terms ‘force’
and ‘energy.’ When talking over this matter with my friend Grant
Allen, I was delighted to find that he had published (although pri-
vately) & pamphlet on the subject. in which rigid and definite meanings
are given to ‘force’ and ‘energy’ as the two-fold and opposite forms
of Power manifest through Matter: and in that sense, as affording the
reader a clearer oonoeptlon of cosmic dynamics, those terms are used
throughout this book. Mr. Allen has plunged me dcoper in his debt
by the labor of reading my proof-sheets, a service which, to their fur-
ther gain, hag also been kindly rendered by my friend Mr. H. W.
Bates, F.R.S.

The chief anthorities consulted in the preparation of this book are
duly acknowledged in foot-notes. As for the work as a whole, there
is probably not a new idea in it, but only an attempt to explain matters
of abiding interest and deep significance in as simple and untechnical
a style as possible. E. C

RosEMONT, TUFNELL PARK, LoNnoN, Nt December 1387,

P. S.—The publication of Darwin's Lij# and Letlers while these sheets are under revision enables
me to add a few foot-note references to that work. And it is gratifying to see that, in the chapter
with which Professor Iluxley has enriched the second volume, heo substitutes (p. 201 the term
“powers’ for ¢ forecos’ in quoting his definition of evolution given in Critigucs and Addresses, p. 305,



2

INTRODUCTORY

Happy the man whore lot it is 10 know

The secrets of the carth. He hastens not

“To work Lis fellows’ hurt by unjust deeds,

But with rapt admiration contemplates

Tmiaortal Nature’s agrless harmony,

And how and when ber order came to be,

Such spirits have no place for thoughts of shame.
Euriripes, Fragm. 902.

Ox the 2Tth of December 1831,
Charles Darwin, then in his twenty-
third year, embarked at Plymouth as
volunteer natluralist on a five years’
voyage in the Deagle, a ten-gun brig,
which was commissioned to survey
the shores of South Ameriea, and tn
circumhavigate the globe.

Few marked the departure of that
ship ; none could foretell what mem-
orable results would follow. from
her voyage, or know that she car-
ried the man whose theory was des-
tined to revolutivnize or profoundly
modify every department of human
thought and every motive to human
action. But so it was. The trne
epoch-maker, never dreaming to what
far-reaching and momentous issue
his work would lead, retired, somc
timne after his return, to a quiet home
in Kent, there to consider the signifi-
cance of the materials gathered dur
ing his voyage. The distribution of
living things in South America, and
markedly in their relation to those
in the Galapagos Islands, a gronp
lying five hundred miles from that
coutinent, was among the chief
causes* which lead Darwin to con-
victions regarding the mutability of
species, and finally to a solution of
the problem of their origin, which,
after the lupse of neurly a quarter of
a century spent in the testing of every
fact and argument telling in favor
of or against hig theory, was puh-
lished in the faunous ‘Origin of

* «TIn July opened first note-hook on Transmnta-
tion of Species. 1llad been greatly siruck from
about the month ¢f previous March on character
of Bouth American fossils, and species on Galapagos
Archipelago. These facts (csperially latter) origin
of all my views'—Extract from Pocket-book for
1837, Darunn’s Life and Letters, i. p. 2Tv. Referring
to the same matter, Darwin says in a letter to Sir
J. D, Hooker, dated January 11, 1844, * Gleams of
light have come, and I am almost convinced (quite
contrary to the opinion I started with) that species
are not (it is like confessing a murder) immutable.’
—1bid, vol. ii. p, 23,
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Species.’  That book is the imperish-
able record of the most momentous
advance in man’s knowledge of the
operations of nature since the publi-
cation of Newton's ‘ Principia.’

The pens of many experts, ready
writers withal, have enriched our
scientific literature with clear and
charming expositions of Darwin’s the-
ory for the benefit of a public which
rung a0 fagt that it has little time to
vead.  But that theory deals only
with organic evolution, 7. ¢. with the
ori(gi;in of the reyriad species of plants
and animals; and the prominence
given to it in virtue of its more im-
mediate interest makes us apt to
overlook the fact that it is only a
small part of un all-embracing eos-
mic philosophy. For whatever lies
within the phenomenal—the seen or
felt—and therefore within the splere
of observation, experiment, and com-
parison, whether galaxy which only
the telescope makes known, or monad
whose existence only the microscope
reveals, is subject-matter of inquiry,
both as to its becoming and as to its
relation to the totality of things. It
is this more general conspectus of
evolution as a working bhypothesis
which, if it does not explain every
fact, is inconsistent with none, that
the following pages are designed to
give in clear and, as tar as possible,
simple words.

Before attempting this it is desira-
ble to outline the phenomena which
that theory explains: and the first
part of this book will therefore de-
seribe snch matters as the stuff of
which all things are made, its com-
binations, affinities, and distribution;
the relation, likeness, and unlikeness
between the stellar and solar systems,
and between the earth and its fellow-
plansets; the varied forms and con-
ditions of past and present life, and
the relation hetween these and the
inorganic or non-living—in brief,
whatever makes up the visible uni-
verse. Many facts will, therefore, be
set down which every schoolboy is
supposed to know, but which most
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folks whose school days are long past
have probably forgotten. But the
repetition may make easier that which
follows by way of explanation, and,
moreover, may foster the growth of
that feeling of an underlying and
indivisible unity between the remote
and nenr, the past end present, the
living and non-living, which is apt to
lie dormant when things in chemical
or vital relation are treated as sepa-
rate, or as differing in kind. As-
tronomer or chemist, geologist or
palmontologist. psychologist or phys-
iologist, botanist or zotlogist, all are
members one of another, and none
can say to his fellow, ‘I have no need
of thee.” ™he astronomer captures
the trnant light from the stars,
and the chemist decomposing it,
compels from it the secret of theiv
structure, even the direction m which
they travel.  The geologist rives the
strata asunder, and discloses their
succession and contents: the palecon-
tologist, disengaging the fossils em-
bedded in them, or altogether com-

posing them, finds the ancestral:
forms of living species and the miss-:
ing links in the unbroken chain of
The psychologist may analyze:

life.
and catalogue the operations of the
mind, but the key to understanding
them lies in the study of brain struc-
ture and funetion, of which the phys-
iologist is master ; while the botan-
ist and zoologist alike miss the
significance of the phenomena of

plant and animal life if these nrej

treated as separate departments of
biology. Truly, as Emerson says.

‘the day of days, the great day of,

the feast of life, is that in which the
inward eye opens to the unity in
things.’

Yet must we exclaim with the
chorus in the ¢Antigone,” and in
these davs with a deeper meaning,
¢ Who can survey the whole field of
knowledge? Who can grasp the;
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whether with star or spceios, the
one must often represent the whole,
the individual the class. ¢For the
purpose of getting a definite knowl-
edge of what constitutes the leading
modifications of animal and plant
life it is not needful to examine more
than n comparatively small number
of animals and plants.”* Our knowl-
edge will, however, thereby advance
from tho partlou]a.z to tho goneral,

and be enlarged from a mere storage
of facts to an all-inclusive philosophy
of things: so that although we may
not escape errors of detail, we shall
be saved by true apprehension of the
, universal.

The limits of this book demand
the exclusion of reference to old cos-
mogonies, and to attempts to square
them with facts. What this or that
philosopher has guessed, what this or
that ancient manuscript or tablet
records, about the heaven and earth,
‘and all that in them is,’ has only an
historical interest and wvalue. To
deal with such matters here would
give them a false importance, and,
woreover, confuse things proved with
obsolete speculations. Still more
does this apply when the mechanical
explanation of the general and simple
| phenomena of the lifcless is extended
to the special and complex phenom-
ena of life in its ascending seule
from moneron to man, without pause
wherein caprice or chance could enter
' to disturb the sequence. But caprice
and chanceare not: the nebulousstuff
of which the universe is the product
held latent within its diffused vapors
not only the elements of which the
| dry land and the waters are built, and
from which the boundless varieties
of plants and animals have been
evolved, but aught else that, through
 work of man for good or ill, has com-
{ posed the warp and woof of this
f world's strange, eventful story. Be
it borne in mind, however. at the out-

clues, and then thread the labyrinth i set, that although much is explained
For the material is so wide-ranging [ by evolutlon and although no limita-
and varied that only the barest out-|tions to its apphcatlon can be admit-

line is possible; and in dealing

* Huxley’s Amercan Addres.s»-s' p 154
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ted within the sphere of the phenom-
enal, there remains much more than
is dreamt of in our philosophy un-
explained, around the impenetrable
marge of which imagination, and the
sense of mystery that feeds it, can
play. ¢ Posttive knowledge does not
and never can fill the whole region
of possible thought.
most reach of discovery there arises,
and must ever arise, the (uestion,
What lies beyond *'* The whence of
the nebula and its potential life is an
abiding mystery that overawes and
baffles ms. Tho beginnings of the
erystal are no less unknown and un-
discoverable than the beginnings of
the cell: the ultimate causes which
lock the atons of the one in angular
embrace, and which quicken with
pulsating life the corpuscles of the
other, lie beyond our ken. And if
of the beginnings nothing can be
known, so it is with the things them-
selves, which affcet us by their color,
their weight, and movement. They
remain the unknown canse of sensa-
tions which are themselves, ags Helm-
holtz says, and as Descartes said two
centuries before him, only symdols
of the objects of the external world,
corresponding to them in some such
way as written characters or artieu-
late words to the things which thev
denote.
the grass; there is no redness in the
rose; there is no hardness in the di-
amond: that which our semsations
report to consciousness as color and
hardness being the result of myriads
of unlike motions, some of which are
repeated as often every second as
there are seconds in thirty milliong
of years.

Thought and cmotion have their
antecedents in molecular changes in
the matter of the brain, and are as
completely within the range of causa-
tion and as capable of mechanical ex-
planation as material phenomena, but
of them mno material qualities, as:
weight and occupancy of space, can .
he predlcated

* First I‘nnctples . 16 drd ed.

At the utter-!

There is no greenness in'

Heat may bhe ex- .
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pressed in  equivalent foot-pounds,
light and sound and nervous trans-
mission in measurable velocities, but
these never. We cannot make the
passage from chemistry to conseious-
ness, or transform motions of nerve
tissue into love, reverence, and hate.

But let us, without further pream-
ble, advance to the matter in hand,
sinee, to quote the author of the
Book of Maccabees, ‘it is a foolish
thing to make a long prologue and
to be short in the storv itgelf.’

LART L—DESCRIPTIVE
CHAPTER L

THE UNIVERSE: ITS CONTENTS.

Tue Universe is made up of Mat-
ter and Power. Power is manifest
a8 Force and Energy.

1. Matter—Under this term are
comprised all substances that oc-
cupy space and affect the senses.
Matter 18 manifest in three states—
solid, lignid, and gaseons. It is
probably also present throughout
the universe in the highly tenuous
form called ether.

Between the above three states
there is no absolute break, matter
assaming any one of them according
to the relative strength of the forces
which bind, and of the energies which
loosen, the component parts of
bodies; in other words, according to
the temperature or pressure. E. g.,
water becomes solid when its latent
heat or contained motion is dissi-
|pated, and gaseous to invisibility
'when its particles are driven asun-
| der by heat.*

Since the ultimale nature of mat-
ter remains unknown and unknow-
able, we can only infer what it s by
learning what it does. The actions
“of bodies, whatever their states, are
explicable only on the assumption
that the bodies arve made up of in-

*n choosing wm«r as an example, its pevuliar
action in expanding as it approaches the sulid state
- should be noted. Perhaps thisis due to the form
] in which, asin snow, its molecules crystallize.
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finitely small particles which, in their
combined state as mechanical units,
are called molecules; and in their
free state, as chemical units, are
called atoms. The molecule is o
compound body reduced to a limit
that ecannot be passed withount alter-
ing its nature: the atom is a DLody
which has not been yet divided.

The atoms, or so-ecalled elemen-
tary substances, number, as far as is
known at present, nbout seventy;
but many of them are extremely rare,
and exist in-such minute quantities
as to be familiar only to the chemist.
Although his progress in analysis has
not yet given us actusl evidence of
their compound nature, the evidence
thus far gathered points to their
ecommon derivation.

Eighty years ago, Dalton, working
in no Inxurions laboratory, but with
the meagre apparatus of a few cups,
penny ink-bottles, and home-made
thermometers and barometers, dis-
covered that atoms combine in
definite proportions of weight and
volume with other atoms. For ex-
ample, whether we take water in
large or sma!l guantities from the
clonds, or from the ocean, or from
the fluids of living things, and decom-
pose or break np its molecules, they
will always be found to contain six-
teen parts by weight of oxvgen to
two parts by weight of hydrogen;
whether we take sall from the sca or
from the blood of animals, its mole-
cule zlways consist of fixed propor-
tiong of ehlarine and sodium, thirty-
five and a half parts of the one and

5

"down by Dalton, notably Prout, who
formulated the theory that the atom-
ic weights are multiples of the atom-
ic weight of hydrogen, the lightest
of the so-called elements, which he
argued might be regarded as the
primordial element, the materie pri-
ma from which the others are formed
by successive condensations

The researches of the past fow
years establish the fact that certain
of the elements possess such strongly
marked likenesses as to warrant their
classification into groups, but these
groups did not appear to be con-
nected with one another, nor to have
any relation to the far larger number
of elements not falling into groups.
i Recently, however, a marked advance
towarde proof of the common origin
“of all the elements has been made
‘by a Russian chemist, Mendelejeff,*
‘who, following Newlands, has shown
that if they are arranged ‘in the or-
der of their atomic weights, from
| hydrogen as 1, to uranium, the heavi-
est, as 240, the series does not ex-
hibit continnouns advance, but breaks
up into / number of sections, in each
of which the several terms present
lanalogies with the corresponding
"terms of other series. Thus, the
whole series does not run g, b, ¢, 4,
e, I, o, h, &c. &e., but a, b, ¢, d; A,
B, C, D; « 8, », 3, and so on, in re-
Jewrring similarities.” In this we have
a periodic law, as it is ealled, which
-embraces all the elements according
to the increasing value of their at-
omie weights, and which hag restored
.to their rightful place in the suceces-

twenty-three of the other; in each sion certain elements for which no
and every case any cxcess of either place in any of the series of groups
element remsing uncombined—Ileft; codd be found. More than this,
out in the eold for want of a partuer.  and as evidencing the fruitful play of

Dalton’s discovery changed chem- | the imagination, Mendelejeff, finding
istry from a qualitative to a quanti- certain gaps between neighboring el-
tative science, giving an hnpetus to'ements, pointed ou$ that they could
research which at last promises to only be filled by elements possessing
bring uws within sight of the fulfil- | chemical and physical properties
ment of Faraday's prophecy, that ¢in ! which he accurately specified. And,
the end there will he found one ele-|sure enough, some of these vacan-
ment with two polarities.” Many cies have been filled by the discovery

WOTr: kers followed on t’he lines ]ald T Cf. Ad. Wurtz's Alomic Theory, pi). 154-16.:;—_
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of elements with the properties
which Mendelejeft predicted they
must possess. This 18 as interesting
8 romance as the discovery of Nep-
tune, the existence of which, it will
be remembered, M. le Verrier and
Professor Adams independently de-
duced from the snomalous move-
mer-ts of Uranus, which floated into
the ken’ of Dr. Galle at Berlin when
he pointed his telescope to that part
of the heavens where the mathema-
ticians told him he would find the
planet.

Commenting on this significant
grouping of atoms. Professor Hux-
ley, in his masterly survey of tho
progress of science in Mr. Humphry
Ward's ‘ Reign of Queen Vietorin,’
says that ‘thisis a conception with
which biologists are very familiar,
animal and plant groups constantly
appearing a8 series of parallel mocdli-
fications of similar yet different pri-
mary forms. In the living world
facts of this kind are now wunder-
stood to mean evolution from a com-
mon prototype. It is diffienit to im-
agine that 1n the not-living world
they are devoid of significanze. Is

THE STORY OF CREATION.

'tains its own qualities. It matters
not how many millions of years have
elapsed during these changes, age
tcannot wither or weaken it; amidst
rall the fierce play of the mighty
agencies to which it has been sub-
jected it remaing unbroken and un-
worn; to it we may apply the ancient
words, ‘the things which are not
scen are eternal’

The elements seldom oceur in a
‘free state, nearly all bodies being
rcompound, or formed by the union
rof two or more, rarely exceeding
four, elements. Oxygen, which is
i the most abundant and important of
all, and, whon uncombincd, & taste-
'less and invizible gas, enters into
‘nearly one-half of the crust of the
globe: while of such limited variety
of stuff is the infinite complexity ot
things in earth and heaven produced,
that the mass of matter in the uni-
verse, as the spectroscopic analysis
of light radiated from the heavenly
bodies shows, is made up of about
fourteen elements. Living things
“are mainly composed of carbon, oxy-
| gen, hydrogen, and nitrogen.

Our knowledge of molecules, as of

it not possible, nay, probable, that atoms, is yet in its infancy, and it
they may mean the evolution of our would seem that particles which are
“gelements” from a primary form of | heyond the range of our most power-
matter? Tifty years ago such a sug | ful microscopes to reveal may be as-

gestion would have been scouted as’
a revival of the dreams of the alche--

mists. At present it may bo said to
be the burning question of physico-
chemical science.” Althoughnoknown
energy that we can apply ean sepa-
rate any one atom into two, so that,
as Dalton gaid, ‘no man can spilt an
atom,’ we do not therefore any longer

speak of it as indivisible or immu-j
table: all that can be said is that it

has not yet becn divided, and that
since the present universe hadits be-
ginning the elements have under-
gone no change.

For it matters not into how many’

myriad substances—animal, plant, or
mineral—an atom of oxygen may
have entered, nor what isolation it
has undergone; bond or free, it re-

astoundingly complex as the giant
orbs of the heavens—nay, as the
universe itself. Many ingenious ex-
periments and caleulations have heen
made to arrive at their size and struc-
ture, but they leave the problem
where they found it. The seven-
hundred-milliontn part of an inch is
considerably over the thickness to
which, if it could be done, u plate of
zine or copper could be reduced
without making it cease to be zine
or copper as we know and handle
ithem. The film of a soap-bhubble
“scarcely reaches the millionth of
a millimétre (.03937 of an inch)
in thickness. The size of a molecule
; of water is about 5 of an
{inch in diameter; that is to say, if a
drop of water the size of a pea were
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enlarged to the size of the globe, the
molecules would be about as large
as cricket balls.
molecules of albumen in a cube of
1w of an ineh of horn is reckoned
at seventy-one billions; while the
egg of a mammal, which averages
+iy of an inch in diameter, may be
estimated to contain ‘so many mole-
cules, that if one were lost or de-
veloped in every second, they might
not all be exhausted until after five
thousand six hundred years.'* But,
as showing low ouly approximute
such estimatcs are, the highest opti-
cal aid brings us no nearer a knowl-
edge of the ultimate structure of or-
ganic bodies than we should be of
the contents of a newspaper seen
with the naked eye one-third of a
mile off. It is, however, impossible
for the mind to grasp the ideas,
which such figures and comparisons
are inlended o give.

We have now reached a point when
the grounds for the assumptions
made concerning the nature of mat-
ter throughout space, whether in
masses, large or small ; in molecules,
atoms, or in the tenuous ether, must
be stated.

If atoms are unchangeable under |

their present conditions, and change-
able only in their relations through
combination with other,atoms, and
in their distribution in space, it fol-
lows that all changes are due to
motion.

2. Power.—Motion thronghout the
universe is produced or destroyed,
quickened or retarded, increased or
lessened, by two indestructible pow-
ers of opposite nature to each other
—(u) Furce, and (&) Buergy.

() Force is that which produces
or quickens motions binding to-
gether two or more particles of pon.
derable matter, and which retards or
resists motions tending to separate
such particles.

When Force acts between visible

*Cf. Mr. Sorby's Presidentinl Address to the
Royal Microscopic Bociety, Microscopi¢ Journal,
March 1875.

The number of!
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masses of matter, large or small,
distant or near, it is called Gravita-
tiony; when it acts between the
molecules composing masses it is
called Moleeunlar Attraction, or cohe-
sion; when it acts between the
atoms uniting them chemically into
molecuales it is called Chemical At~
traction, or A ffinity.

As Force inheres in, and can never
be taken from, ponderable matter,
every atom possesses the tendency
to attract, and, in the absence of any
opposing cnergy sufficient to over-
come such tendeney, the power to
attract, every other atom, as well as
to resist any separating power or
counteracting energy  The sumn-
total of Force is constant, and its
several qualities are grouped under
one doctrine, called the Persistence
of Force.

(0) Energy is that which produnces
or quickens motions separating, and
which resists or retards motions
binding together, two or mare
particles of matter or of the ethereal
medium.

Tho sum-total of Energy in the
universe is a fixed quantity, but it is
not, like Force, bound up with mat-
ter so that it cannot be transferred.
It exists whether it acts or not, and
therefore it can be stored np.

Erergy is of two kinds, active and
passive, or, in "the terms of science,
kinetic and potential. #.g., a stone
[ying on a roof or on a mountain; &
clock wound up but not going; a
bed of coal; a barrel of gunpower,
have potential energy. This he-
comes kinetic when the stone falls,
the clock goes, the coal burns, or
the powdor explodes. Not only doces
the potential pass into the kinetic,
and vice versa. but the several forms
of kinetic energy pass into one
another—motion into heat, heat in-
to electricity, electricity into heat,
light, and chemical action; a definite
amount of any one form of Energy
passing into an equivalent amount
of the other, the one disappearing
as the other appears. And the ten-
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dency of all passive Energy isto be
converted into aetive Energy until
a dead or uniform level is reached,
a8 in bodies of the same temperature,
wherein no differences of separating
power remain. The significance of
this will be apparent when the ulti-
mate destiny of the universe is con-
sidered.

These qualities of convertibility
and indestructibility are grouped
under one doctrine, called the Con-
servation of Energy.

The persistence of Force and the
conservaution of KEnergy may be
grouped together under the doctrine
of the Indestrnetihility of Power.
Force is the attracting or pulling
power; Energy is the repelling or
pushing power; and by the antag-
onism of these the work of the uni-
verse is done. Every mass pulls
every other mass by the force of
gravitation; the earth the moon, the
sun the earth, some other star the
sun, and wice versa. And the moon
would fall to the earth, as also the
earth to the sun, but that the energy
of their orbital motion overcomes
the force.
is pulled, especially uphill, the
muscular power which, in the form

of kinetic energy, is expended by.
overcomes the attractive -
power inherent in the earth to draw,

the horse

the wagon towards its centre and
keep it there. When the enerpy of
heat which drives asunder the par-

When a loaded wagon.
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two powers in econflict, like the
Ahriman and Ormuzd of the old Per-
sian religion, the universe is the
theatre of ceaseless redistributions
of its contents, whether in the sweep
+of the stars and their attendant sys-
tems through space, or in the pend-
‘ulum-like vibrations of the invisible
'particles of every body, or in the
“throbs of the ethereal medium. So
rapid are the motions, the rebounds
between each molecule, in hydrogen
i @ag numbering seventeen thousand
millions per second, that even if the
‘molecules were within 1icroscopic
rrange we could not see them; and
yet these eollisions are few compared
with the oscillations of light waves,
wlich number bundreds of millions
. of millions in the same time.

Such action shows that just as
there are spaces or distances hetween
'the stars measureless in their vast-
' IXESS, SO tllt:l'ti wre pures or spaces
between the molecules of bodies,
~and between the atoms which com-
puse the molecules, measureless in
| their minuteness. And if added
‘proofs of these intermolecular and
interatomic spaces were needed, we
find them in the contraction and ex-
pansion of bodies through the quick-
ened or retarded vibrations due to
the separaling energy munifest as
heat; in the compressibility, althongh
slight, of liquids: in the actual so-
lidifieation of the most vefractory
gases under extreme cold and pres-

ticles of Lodies, changing them from | sure, oxygen resembling snow in
the solid to the liquid or gaseous!appearance, and hydrogen falling on
form. is expended, then the particles|the floor with the rattling noise of

resume the solid form in virtue of
the foree of cohesion.

If Force had unresisted play, all
the atoms in the universe would
gravitate to & common centre, and
ultimately form a perfeet sphere in
whiclh no life would exist, and in

"hail.  But more than this. These
‘pores between invisible particles,
Lhese spuces between stur and  stlar,
:spaces so vast that the diamcter of
"the earth’s orbit, measuring one hun-
dred and eighty-eight millions -of
,miles, seen from the nearest star, is

which no work would be done. Ifibut a pin's point, are not vacant.
Energy bhad unresisted play, the!Speaking of the force of gravitation,
atoms in the universe would be driv-: Newton said that to conceive of one
en asunder and remain for ever sepa-: body acting upon another throngh
rated. with the like result of change- | vacuum is so great an absurdity,
less powerlessness. But with these | that no man who had ‘in philosoph-
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ieal matters a competent faeulty oi|sound: in steam, and in substances
thinking’ could ever fall into it. 'vaporized by the voltaic arc—its ex-
And the like applies to the trans-!treme rarefaction in such bodies as
mission of light, heat, and other:comets, the stuff of whose tails,
forms of energy between bodies farispreading across millions of miles,
and near. Therefore for the exp]a-'could be compressed into a small
nation of these varied and yet ve-|vessel; prepare us to conceive un-
lated phenomena it is a necessary | seen realities. Thus, when the sen-
agsumption that the minutest 1nte1'-‘sory organs are powerless to report
vals between atoms, as well as the the facts, Science, excluding no
awful spaces of tle universe, are faculty from wholesome exercise,
filled with & highly rarcfied, elastic bids Imagination nse her larger in-
medium called Ether, which,. ever,sight to make clear the significance
tremulous with unentungled vibra- |UI’ the things which eye hath not
tions, is the vehicle of Energy alike | seen nor ear heard.
from the infinitely great and the‘ The value of the foregoing ab-
infinitely small. stract of the relations between Mat-
That matter should be unseen and;ter and Power will be proved or
unfelt is no new conception to us. | disproved in the degree in which it
Its existence in an ulira-gaseous |squares with the phenomena to be
state as proven by the action of hereafter described and explained.

molecules in tubes where as high a Meanwhile
vaeunm as seems possibleis obtained

its invisibility in air—the vehicle of | i clearer light.

the subjoined tabular
summary wmay set the subject in a

MATTER. POWER.
l ! [
FORCE. ENERGY.
e e m I.
FOTENTIAL OR PassIVE. KIXETIC, DR ACTIVE,*
Masses Attraction between Masses,  Separation of Masses tcom- Motion of Masses

or Gravitation

monly called Visible En-
ergy of Position)

Ex. Stone on aroct
A bead of water

Ex. Moon's motion round
the earth
Stone falling
Water ralling

Molecules Atlraction vetween Mole- Separation of Molecules Motion of Melecules
eiles, or Cohesion Fx. Steaws Ex. Steaw condensing into
liguid
Heoat-vilirating particles
of i poker
Atows Attraction between Atoms, Separation of Aroms Motion of Atoms
or Cheinical Affiuity Ex. Atoms in w fTee state EX. Atowis rushing to form
motecnies
Electrieal Electrical Affinity Separation ot Posative and Motion of Eleetrical Tnits
Unitst Nepative Electrical Units Ex. Electrie current
Ex, A thunder-civud and
the earth
Ether () (No evidenee of aggregating (All Kinetic Energy, ex-

power inhering m it)

cept the small porportion
intereepted by bodies in
Fpace, passes frow matter
to the ethereal medinin,
This is the doectrine of
the Dissipation of En-
ey

*#Each kind of Kinetic Energy has separative, combining, and continuons or neutral motion.
ample of Separative—a stone thrown upwards:
Neutral —a top spinning 1u the same place.

Ex-

example of Combining—a stone falling; example of

+This concept of Electrical Unite. which may be the equivalent of Polarity of the atom, is here
added merely ag a convenient mode of envisaging a certain arder of phenomena.
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CHAPTER II. The Jdifferences Letween the stars
jare in their sizes, their brilliancy or
magnitude, and their colors, this
last giving some clue to their stage
Marter 18 both visible and invis-tof dJdevelopment. Tor there are
ible, ponderable and imponderable. stars young, middle-aged, old and
In its ponderable form it is distrib-idecrep:it; and there are stars cold
uted throughout space in bodies of |and dead, radiating no energy, and
varying densities; in its imponder-' whose existence can be known only
able form as ether it fills the inter-1ly thewr influence exerted through
vals betwoen the particles composing the force of gravitation upon the
those bodies, as also the vast inter-’proper motion of other bodies, as,
vals between the bodies themselves. ieg., of Sirins by its unseen com-
The most important of these—us the | panion.
sand by the sea-shore, innumerable— - Astronomers have not yet arrived
are the ‘fixed’ stars, so called from at any certain conclusions regard-
having no apparent motion of their ' ing the general distribution of matter
own, although in reality travelling atin space. But the combinations,
enormous velocities. Each of these, as seen from our system, are as
unless it be an extinet, burnt-out sun, | varied as they are complex. Besides
shines by its own light, and is prob-!double and muitiple stars—their ap-
ably, like the sun, which is itself a,parent nearness to one another often
star, the centre of a system of plan-!being due to their lying in nearly
ets with their satellites or mnoonsand: the same straight line from our
other bodies. *One star differeth  system—there are the constellations,
from another star in glory.” Not,|many of the names of which are rel-
speaking broadly, in the stuff of ics of that animistic stage in man’s
which all are wmade, for the light belief when everything was person-
thrown by the spectroscope on the ified. There are also star-clusters,
chemistry of the heavenly bodies hags . light, cloudy-looking patches, made
revenled their general identity of!up of suns which, from our point of
strmeture.  No 1matter how distant. view, lie densely packed together in
the star, so long as the light emitted | numberless galaxies.
is sirong enough; broken on prisms| Besides the fixed stava and their
it reveals through its spectrum not'systems, straggling in scattered
only what elements are present in groups on cither side of the milky
the glowing vapor, but even the di-) way or composing its cloud-hke areh,
rection of the star's motion, i. e.|there are the vast masses of glowing
whether it is receding from or ap-|matter culled, in contradistinction to
proaching our gystem. The annual!the stellar nebulew, which the tele-
parallax (or the apparent change of | scope has resolved into slurs, gussous
pusition as seen from opposite points ) nebule. These are of regulur and
of the earth’'s orbit) of the nearest irregular shape, circular, elliptical,
tixed star, Alpha Centauri, is nearly i and spiral: they are tha raw staff
one second of are, giving a distance of which suns and systems are
of twenty millions of millions of i formed.
miles. So vast is the interval, that  These nebulsee; the fixed stars,

DISTRIBUTION OF MATTER INX KPACE.

our solar system would appear as’

only a point in space when viewed
from this star, the light from which,
travellmy at the rate of one hundred
and eighty-six thousand miles per

second of time, takes nemrly three,

with whatever appertains to them,
and the vagrant bodics known as
comets, with their more or less as-
sociated myriad meteor streams,
down to the fine cosmic dust that
falls on polar snows or sinksinto the

years and a half to reach us, so that ll deep ocean: comprise the ponderable

‘we see the star as it then shone.
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matter of the universe. The sum-
total of the radiant energy of all
luminous bodies, save the small pro-
portion intercepted by one from the
other, is in course of continuous
transfer to the imponderable ethereal
medium. _

The results of modern research
into the structure of the universe, in
which inquiry Mr. Proctor has taken
a distinguished and important part,
is thus summed up by him in the
article on ‘Astronomy’ in the last

11
laws of which may one day be recog-

nised, though at present they are too
complex to be understood.’

CHAPTER TIL

THE SUN AND PLANETS.

THE Solar System comprises—I1,
the Sun; 2, the Planets, large, small,
and minor; 3, Moons or Satellites;

F1a. 1.—Sun-spots.

edition of the ‘Encyclopadia Brit-
annica:’ —

¢The sidereal system is altogether
more complicated and more varied in
structure than has hitherto been
supposed: in the same region of the
stellar depths coexist stars of many
orders of real magnitude; all the
nebulee, gaseous or stellar, planetary,
ring-formed, elliptical, and spiral,
exist within the limits of the sidereal
system; and lastly, the whole sys-
tem is alive with movements, the

4, Comets, together with Meteors or
Shooting Stars,

The Sun consists of a nucleus,
surrounded by envelopes called the
photosphere and the chromosphere,
outside which lies the mysterious
corona, whose delicate silver radi-
ance forms the glorious nimbus of a
total eclipse. The nucleus is a
gaseous mass, burning at a tempera-
ture of which we have no conception,
being probably millions of degrees;
but the condensation which goes-on
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under the radiation of energy may
have already reduced the core to a
liguid or putty-like state. The disc
which we see includes the vaporous
photosphere, with its puzzling grain-
like face, here and there pitted with
the eloud-patches or spots, from the
movements of which we learn that
the sun rotates on his axisin twenty-
five days. The clief constituents of
the chromosphere are hydrogen and
an element unknown to us, ealled
*helium;’ and it is from this atmos-
phere that the red prominences or
tongues, which often reach a height
of one hundred thousand miles, are
expelled. Vast as is the sun’s vol-
ume, exceeding several hundred
times all the other members of his
systern, he is by no means the hig-
gest of the stars, and, as compared
with them in brightness, probably
does not exceed the third or fourth
magnitude. But he has the groatest
interest and- irnportance for us, see-
ing that to him are due those mani-
fold energies by which the processes
of nature, both chemical and vital, are
carried on within the limits of his
gystem. Further, with the knowl-
edge which has been gained during
late years concerning the sameness
of the stuff of which nebule, stars,
and planets are spun, the nature and
arrangement of the contents of our
golar system enables us to make
lawinl analogies concerning the con-
tents of systems beyond it.

Of the solar radiant energy the
planets receive or intercept only the
two hundred and thirty millionth
part, the carth receiving but the
two thousand one hundred and
seventy millionth part. Even a
large proportion of this energy is
immediately, and the whole of it
finally, radiated into space.

The Planets, one and all, revolve
in nearly cireular orbits, but on rath-
er dlﬁ'erently inclined planes, round
the sun, in virtue of that encrgy of
orbitzl motion with which each was
endowed at birth, and which counter-

acts the opposing forco of the suns]|
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gravitation, which wounld otherwise
pull thern into him, absorbing them
in his mass. Including the swarm of
minor planets, or asteroids, of which
new ones are being frequently dis-
covered, they are perhaps to be
numbered by thousands. They are
of various sizes and densities, and in
different stages of progress and de-
cay. The evidence for the primitive
gaseous state of all bodies now pos-
sersing greater density will be given
hereafter, but our system itself wit-
nossos to the passage of planets aud
satellites to an ultimately solid form.
Some, like our earth and Mars, have
cooled down sufficiently to be cov-
ered by ahard crust, and to be fit
abodes for living creatures; others,
like Jupiter and conespondmglv huge
bodies, are still in a more or less
heated and partly self-luminous con-
dition. The smaller bodies have
long been cold and ineri, like our
airless, silent, and barren moon. In
her pale reflected light, her searred
surface, and her vast ringed eraters,
illumined no longer by flame of
central fires, we learn that what she
is the planets and the sun himself
will one day become.

The #moors revolve round their
geveral planets under similar re-
straint of force and freedom of en-
ergy as the planets themselves. The
gAREOUs masses composing comets
and sneteor streoms travel in very
cecentrie orkbits. In fine, motion is
everywhere, in ether, atoms, mol-
ecule, and mass; the sun, like his
fellow-stars, has hig proper motion,
carrying with him planets, satellites,
and whatever other bodies are with-
iin the influence of his fores of gravi-
tation. This is itself obedient to
the attractions of bodies perchance
as much exceeding his own in power
(a8 he exceeds the mote dancing in
his beams.

The mass of matter called the
earth is of nearly spherical shape,
being slightly flattened at the poles
and bulged towards the equator.

It consists of a core within a rocky
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Fia. 2.—Lunar Crater : Copernicus.

13
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crust, three-fourths of which ig cov-
ered by a layer of watcr, and the
whole surrounded by an atmosphere *

The entire mass, solid, liquid, and
gaseous, Sping on its axis at the rate
of about one thousand miles every
hour, and speeds through space in
its orbit round the sun at the rate of
one thousand miles every minute.

The atmosphere is composed, in
the main, of the nncomhined ele-
ments oxygen and nitrogen; the
water is chiefly compounded of com-
bined but mobile oxygen and hydro-
gen. Of every hundred parts of the
crust, ninety-nine are made up of
about sixteen out of the seventy
clementary substances, and of these
sixteen the larger number exists in
small proportion. It is computed
that fully one-half of the ernst con-
sists of oxygen which it has taken
into itself from the atmosphere, and
that already one-third of the water
of the ocean has been absorbed by
minerals.f The average density of
the earth is about five times and a
half that of a body of the same size
made of pure water, but the large
extent covered by the ocean in the
southern hemisphere, whither the
tendency to collect was probably
manifest at the outset when the
steamy vapors condensed and filled
the depressions in the crust, points
to an excess of density in that
direction.

What the inside of the earth is
like no man can tell,} but it is pro-
bably solid throughout, the denser
materials being at the centre, and in
a state of intense heat at no very’
great depth, as manifest in volcanic
outbursts and allied phenomona.

These show that the unquiet earth
has not yet lost the whole of the
original store of energy which it ac-
quired during the aggregation of
the particles of which it is built up

|

*Taking tho earth's surface as 1, the sea covers
0.734 parts, and tha land 0.266 parts,

1 Geikie’s Text-Book of Gevlogy, pp, 30, 298,

1 Cf. Geikic, 10id., pp. 49-54, for examination of
various theories of the interior of the globe.

i
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in their passage from a diffused
nebulous state to one of increasing
density under the action of the force
of gravitation. But the escape of
that energy through the erust to the
ethereal medinm is unintermittent,
and its final dissipation into space
is therefore only a question of time.

The crust was probably never
tiformly smooth, because the con-
traction of the interior mass as it
cooled would bring about a state
of tension causing shrinkage of the
surface, producing intense heat.
Hence the beginnings of those
wrinkled, cracked, and crumpled
features which otber agencies would
score more deeply in the face uf the
globe, giving thereby beauty and
variety in valley, mountain, table-
land, and all else that makes the
earth so fair a dwelling-place.

Our knowledge of the crust ex-
tends only to a relatively small
depth, the aggregate thickness of
the strate or layers of rock already
measured being about twenty five
miles, or the one hundred and six-
tieth part of the earth’s semidiame-
ter. The term ‘rock’ is applied
alike to hard granite and loose sand,
to ore veined with metal and to mud
from country lanes, as including the
materials composing the crust or
shell. Rocks are divided into two
classes—unstratified and stratified.
''The wnstratified, which are alge
called igneous or Plutonic, ewbrace
all rocks which, as they now exist,
have been fused together by heat, or
erupted from the earth’s interior hy
voleanic agency. The stratified,
which are also called aqueous or
Neptunie, embrace all rocks which
have been deposited as sediment by
the action of water or of the atmos-
phere, or which are due to the
growth and decay of plants and
animals. With this class are grouped
the metamorphic, for the most part
stratified rocks which have been
metamorphosed into a erystalline
state by the action of heat and
I pressure, resulting in effacement of
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their original character, and in the
destruction of traces of any organic
remains in them. Throughout the
entire series of rocks the newer have
been, and are being, formed out of
the older, which, unless upheaved,
are always found at the bottom;
but of the original crust perhaps no
trace remains.

The depth to which the unstrati-
fied rocks extend is unknown, and as
they contain no organic remains they

15

tell us nothing eoncerning the origin
and succession of life on the earth.
The stratified rocks, which alone
throw light on this question, have
been divided for convenience, and
not as implying any gaps between
their several formations save where
natural causes have operated, into
four, or sometimes five, epochs.
These, together with the typical re-
mains of plant and animal associated
with each, are as follows:—

Thickness of

Epoch Qtrata Plant Animal

Archwolithic or Eozoic (dawh life), | 70,000 feet Alge Monera

chiefly metamorphic (Chiefly|marine)
Primary or Palozoic (ancient life) . 42,000 ¢ Ferns Fishes
Secondary or Mesozoic (middle life) 15,000 < Pine forests Reptiles
Tertiary or Cainozoic (recent life) . 3.000 ¢ Lfeaf-btea.ring Mammala

orests
Quaternary or Post-Tertiary . 600 ¢ Existingspecies
CHAPTER 1IV. are traced. For in them lies the

THE PAST LIFE-HISTORY OF THE EARTH.

Groroay deals with the stuff of
which the earth is made, its origin,
structure, and arrangement. But
so interrelated is the material of
which all things are formed, that in-
quiry into the structure of rocks has
to be extended well nigh at the out-
sct to their contents—that is, tc the
fossil remains of ancient life which
are not only preserved within the
larger number of strata, but entirely
compose vast masses, as coal-beds,
chalk hills, and coral islands. There-
fore the interest which the study of
the erupted, fire-fused, and water-
laid rocks awakens, especially in
their witness to ceaseless changes
‘throungh an ever-receding past, be-
comes more immediate and human
when the relics of ancient life-forms
are examined; and when their ap-
pearance, persistence, or disappear-
ance, their order and succession in
an ever-varying, ever-ascending scale,

record of life on the earth through
measureless tifpe; the life that was,
parent of all Kfe that is; from simple
slime-speck to structure of subtlest
complexity named man, with its
passionate story of agonies and joys,
of struggle towards a kingdom of
heaven yet unentered.

True itis that the record is very
imperfect, that the gaps remain wide
and numerous, even when supple-
mented by fossils from different
parts of the globe. But the wonder
is that the blanks are not greater
when the nature and extent of the
changes to which all rocks have been,
and are being, subjected, are consid-
ered. In addition to the havoe and
effacement wrought by the earth’s
internal heat, the formation of every
deposit involves the waste of an old-
er deposit, which hag in its tumn
been derived from more primitive
stuff, the effect throughout being
mautilation or destruction of the or-
ganic contents.

It is impossible that the vast num-
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ber of lowest life-forms, whether
plant or animal, should have been
preserved. Traces of marine organ-
isms survive in the trails and borings
of sea-worms, or in the imprint of
carcasses of jelly-fish stranded on
the ripple-marked mud of ancient
sea-shores; but of the soft-bodied
creatures themselves not a vestige
remains. Only such hard parts as
the shells or skeletons of animals,
and the bark, wood, and seeds of
plants, would reach the fossil state
in more or less perfect form; and
even their preservation is contingent

THE STORY OF CREATION.

cancy with minerals, replacing the
form, occasionally in minutest detail.

Rich as are igneous rocks in
wealth-yielding mineral veins and
ores, they are, save where recent
plants and animals have been acei-
dentally enveloped in the flowing
lava or dust of voleanic ernptions,
destitute of fossils. There was a
period in the earth’s history when
life was not, and its beginnings,
which, as will be shown hereafter,
were probably in polar regions, were
certainly subsequent to the ejection
of the molten or pasty masses which

Fra. 8.—Footprints of Birds, with (2) marks of Raindrops.

upon the nature of the beds in
which they are interred. As it is,
but a remnant of all that ever lived
in the water, and a far less propor-
tion of the smaller population of the
land, are represented in actual fray-
ments. Sometimes only an impres-
sion survives, as when a dissolved
shell has left its witness in cast or
mould, in clay or mud, or an extinct
bird or reptile its footprints on the
sands of a far-off time. Sometimes,
in the compensating action of nature,
chemical agents, in destroying the
original structure, infiltrate the va-

cooled into true volcanic or fire-
formed rocks.

Although fossils are found only in
sedimentary rocks, they are not uni-
versally present in them. Varied
and mixed as thuse rocks are in com-
position, it suffices here to group
them under two heads—1, those de-
rived from sediment, in its several
states of gravel, sand, and mud: and
2, those formed of the remains of
plants, as coal in its several stages .
from peat to the hard graphite or
black-lead of the older formations;
or of the remains of animals, com-
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TYPICAL FOSSILS.
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STRATIFIED ROCKS.

Irish ER,

2. Univalve (Cerithinm).
12, Conifer (Segwoia).f

1. Nummulite, .
2. Umivalve (Vatica)y

1. Pearl Mussel (7noceramus).
2. Ammonite, new form (Twrridités),
3. Bivalve (Pectenk

4+ Ammonite, new forai (Hwmeiteid:

1. Bivalve (Ploladomya)
= Bivalve (Trigonia),

3. Cycad (Manteliia),

4 Univalve (Nerinaa),,

1. Figh-lizard (Zchthyosaserds
2, A i )

3. Sealily (Encrinns).,
« Lobyrinthodon,
5. Footprints of Labyrinthodon,

). Bivalve (Bakewellia).
2. Lampshell (Productas),
3. Ganoid (Paiaoniscxs),

P, tes £

T f A

3: :;lub-moss (Lepidedendron)
3. Horsetail Plants (Calamite).

Ganoid Fish (Pterichihps.:

1. Strophomeni.;
2, Lingxla.

3. Pentamersy,
4 Calymene,

Lampshells {

Trilobite "
Ceaweed (Oldhamia),

Eozoom Canadense ln,
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posing chalk, limestone, and other, The stratified rocks are subdivided
organically derived rocks. But what- |into the systems shown on fig. 4
ever their source, and however much | There is no one section of the earth's
the original order of strata has been | crust where a complete series is to
deranged by hidden agencies which |be found with layer superposed on
have tilted thom at all angles, cleaved |layer like the skins of an onion ; bhut
and contorted them, and superposed | whatever gaps exist locally do not
the older on the newer, there is a affect the relative age and place of
well-ascertained succession in them !each stratum, which, as remarked
which their fossils alone have enabled | above, are fixed by the fossils. No

us to determine, each formation hav- | uniform principle has governed the
ing its own characteristic kinds or |cholce of the system names. Some-
dominant types of plant and animal. 'times they indicate the place where
Not that, there are any hard and fast  a formation is markedly developed :
lines between the disappearance of ;sometimes as the Silurian (from the
an carlier speciesand the appearance | Sifures u_tribe of ancient Britons).
of a later species, the forms being the people formerly inhabiting the
often cornmingled. Some of the low | district ; sometimes they denote typ-
and simple types persist through al-!ical features of the formation: hut

Fig. 5.—Fragmeuts of Hozoon Uanadense, natural size.

most all formations; some of thethey are the accepted nomenclature
more complex are found in only one in treatises on geology, and are
or two formations: but there is a:therefore adopted here.

merging of one into another: there: 1. Prmarv.—The Laurention
are gradaticns and alliances of type. rocks, vast and venerable sediments
as of birds with veptilian characters, of primeval seas, are highly meta-
and vice versa. And although seem-imorphic. Heat, moisture, and enor-
ingly isolated types occur, or the mous pressure have changed their
divergence between earlier and later | sandstones into sparkling crystalline
types has blurred their rclation, it|rocks,and their limestones into veined
will be seen that the modern are the |and variegated scrpentines. For-
ancient slowly and wondrously mod- | merly they were classed as * Azoic'—
ified. In short, the life-history of |%. e. without life: but of late years
the globe is one both of unbroken |those which form the Laurentian
relation and progress; the gaps ex-|Mountains in Canada, whence the
ist because the record is mutilated. {general name of the series is de-
Nature, like the Sibyl of Cumsz, has |rived, have aequired special interest
destroyed her books. | from the discovery of certain veined




THE STORY OF CREATION

structures in them, pronounced by
some authorities* to be the remains
of nlarge foraminiferal animal which
has been named Eozonn Canadense.
The foraminifera form perforated
shell-coverings of exquisite symme-

s
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Fia. 6. —Foraminifer, Globzgerl»m bulloides,
magnified saventy dinmeters. Thig form is
found floating in tropical and temperate
seas.
try and beauty from the lime which

they seercte from the water.
*The longevity of an organic type,-

has, on the whole, been in inversei

proportion to its perfeetion;’ and.
some of the lower types may smile at !

i
Fia. 7.—Section of Gravesend Chalk. ‘

man’s ‘claims of long descent,’ for
they have survived through the long

#Notabhly Profesror Sir J. W. Dawson and the
late D, W. B. (a.rponter The aevidence againstits
organic character i= given in professors King and |
Rowney's Old Chapter of the Geolog. Recurd (Van
Voorst, 1881). Cf. also Heilprin's Distrib. of Ani-
‘mals, pp. 134, 196, 236.
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and change-bringing millions of years
to this day, shedding their shells on
the ocean floor, as their ancestors
shed theirs, forming vast chalk and
limestone hills and mountain ranges
in relatively shallow scas. Not in

deep oceans, a8 was formerly held,

Fia. 8.—Organisms in Atlantie Qoze
(highly magnified].

ginco the fossils are shown to re-

isemble present shoal water deposits
| rather than similar cozes found in

water over a thousand fathoms deep,
iwhich further confirms the theory
 that the great ocean beds have never
been upr aised. While some secrete
chalk, others secrete flint. Among
the latter nare the minute plants
known as diatoms, whose remains

F16. 9. —Diatoms from ¢ Infasorial
Earth’ of Richmond, Virginia
(highly magnified).
compose among other deposits, the
‘rotten-stone’ used as polishing pow-
| der, of which no less than forty-one
thousand million skeletons go to

make up a cubic inch.
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It matters little if the orgauic
character of FEozoon Canadense be
finally disproved, for plentiful traces
remam that the Laurentian waters
swarmed with living things of low
type but enormous size. The lime-
stones, the abundant graplites, and
the great beds of iron ore which oc-
cur in its rocks are due to the action
of animal and plant life.

The Cuindrian rocks, althouyh less
metamorphie, add little to our know-
ledge of primitive plant-forms, such
as are presorved heing probably algm,
or seaweed, corresponding to the

tangles covering large arcas of the!
Atlantic, especially the region called .
the Sargasso Sea. But the system:
is fairly rich in fossils of marine ani- |
mals, themselves the descendants of a
long line of perished ancestors.

|

Fre. 10.—~Trilobite.

Sponges, sea-lilies, and low forms
of mollusea, or true shell-fish, are
found; but the typical and most
perfect fossil is that of the lhree-
lobed crustaceans called trilobites,
which swarmed in those ancient seas,
and survived till the Carhoniferous
eriod.

The Silurian rocks, although ex-

hibiting in crumbled and rugged

mountain chains the action of agents
both above and below the earth, are
much less metamorphosed than the
preceeding systems. They are in
large measure the worn fragments
of land areas which stretched across

Northern Europe for above two
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bundred miles into the Atlantic, the
sediment being deposited in a shal-
low sea which then covered Central
and Southern Europe, and the floor
of which was slowly raised as a
primitive Enropean continent at the
close of the Silurian period by sub-
terranean movements. The land
plants, which are the earliest as yet
met with, are allied to huge club-
mosses, ancestors of the gigantic
forest-kings of Devonian and Car-
boniferous times. The most ancient
of all known land animals is a scorpion
found in the upper Silurian beds of
hoth Scotland and Sweden;* while
the marine remains are varied and
numerous, comprising seaweeds, fo-
raminifera, corals, star-fish, shell-fish
of every kind, trilobites, and huger
lobster-like crustaceans, some times
measuring above gix feet in length.

But the most important fossils are
those of the earliest lmown verte-
brates, in the form of armored
fishes,t allied to the sturgeon, and
called ganoids (Gr. ganos splendor ;
and ezdns, form), from the brilliancy
of their enamelled scales.

In this seemingly sudden appear-
ance of highly organized animals
marking so great an advance in strue-
ture on the higher invertebrates, the
imperfeetion of the geologieal record
is brought home to us. For if later
forms are modified descendants of
earlier, then not only are the transi-
tional ancestral forms of the ganoids
missing, but the species itself is
enormously older than the fossils
Imply. The inquirer, however, need
not despair, for only a limited por-
tion of the dry land has as yet been
explored with any completeness, and
there are vast fossil-holding areas
submerged and inaccessible; yet one
by one miscing links are being found.
Probably the predecessors of the
ganoids, the skeletons of which are
cartilaginous, were of a structure too

*Smithsonian Report, 1884, p. 604.
iDiscovernd hy Professor Claypole neer the base

of the Upper Silurian in Pennsylvania; cf. Smith-
sonian Keport, 1884, p. 622,
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soft to permil of their preservation
in & fossil state.

In this brief survey of the three
earliest systems we have already
traversed more than half the total
thickness of the fossiliferous rocks,
the deposit of which involved a lapse
of time and series of changes of
which no conception is possible.
The base-line of our lifo is too short
for measwreinent of  the distance
which separates the foraminifera
from the ganoids: of time, ag of
space, we seé neither beginning nor
end.

The Devoniun and (Hel Red Sund-
stone rocks, while evidencing fre-
quent redistribution of sea and land,
have undergone, as compared with

R
Fi¢. 11.—A, Recent Ganoid Fish

the older systems of the Primary
epoch, but slight disturbance from
the npheaving and contorting agen-
cies beneath. They are widely dif-
fused. extending far north within
the Arctie ¢irele; and although their
fossil contents are very incompléte,
they bring less fragmentary witness-
es to that continuity of life thoe
record of which is g0 markedly bro-
ken in more ancient deposits. Thisg
is specially apparcnt in the relative
abundance of vegetable remains, by
which we may for the firat time con-
struct some. picture of plant-life on
the globe in Palweozoic times. Not
only do we find huge tree-like plants
of which omr clul-inosses and ferns
are pigmy representatives, but true
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trees, as proven by the concentric
rings of growth in their trunks. Of
land animals, the preservation of
which is so rare in all deposits, there
are no traces; mno reptiles wallow in
the lagoons and marshy flats, neither
are the verdant yet flowerless for-
ests brightened by the plumage, nor
their stillness broken by the song, of
birds. But we find the earliest
known insects; some happy chance,
like that which envelopes the insects
of Tertiary forests n amber—the
foseil resin of their econifers— has
preserved a fragile wing, with the re-
mainsof a stridulating organ attached
as in the grasshopper and ecricket,
wherewith then, as now, mates were

attracted or rivals challenged—per-
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: B. Ganoid from Devonian strata,

chance ‘the first music of living
1 things that geology as yet roveals.’
i Fresh-water fossils abound, but
I the predominant types are marine—
large sponges and ecorals; ‘lamp-
shell’ mollusea, which have persist-
ed in varying forres from Cambrian
;times to the present; crustaceans
[ hugcer than any that have lived since,
;and of which even tho spawn masses
tare sometimes preserved. More or
iless special types appear and then
vanish, through inability to adapt
themselves to new surroundings and
changed climates. But the Devon-
ian ig notably the ‘age of fishes,” and
its waters swarmed with the ganoid
type.

Coal is formed of compressed and
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chemically altered plants, and oe-
curs in all water-laid rocks, although
in very different states and kinds.
Sachs remarks that every experi-
ment on nutrition with green-leaved
plants confirms the theory that their
carbon is derived solely from the
atmosphere, and we get some idea
how enormously large that deriv-
ation has been on ‘reflecting that
the deposites of coal, lignite, and
turf spread over the whole earth,
and the bituminons substances as
great or even greater in quantity
which permeate mountain forma-
tions, besides asphalte, petroleum,
&e., are produets of the decomposi-
tion of earlier vegetatious, which in
the course of millions of years have
taken from the atmosphere the car-
bon contained in these substances,
and transformed it into organic sub-
stance.™

The climate and soil, during long
eras of the Carboniferous system,
specially favored the growth of
plants most fitted for coal formation.
A large part of Europe (and the like
couditions apply wherever the true
coul measures abound) was then
covered with shallow waters, both
salt and fresh, divided by low ridges,
buses of future mountain chains, and
dotted with islands; while numerons
rivers traversed the land, and silted
up lagoons and lakes with the dfbris
worn from older rocks. Vegetation
flourished apace on these river bunks
and marshy flats, and, with inter-
mittent subsidence of the soil ocecur-
ing again and again, was buried
under sand and mud, becoming
changed into coal of varying seams
of thickness. Hence the abundance
of this mineral in the Carboniferous
strata, which, as a whole, yield move
of value and variety for the service
of man than all the other systems
put together. Sandstones for build-
ing; marbles for decoration; metals
for machines: coals wherewith to
drive them ; purest oil from muddy
ghale; jet for the lapidary’s art;

*Sach's Lect, on the Physiol. of Plants p. 204,
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loveliest. colors, exquisite perfumes,
and curative drugs from gas-tar,
even sugar therefrom, three hundred
times sweeter than that from the
L cane—these are the rich gifts of the
deep rocks, which struck by a more
magic rod than Moses wielded, have
given up their treasures for man's
needs and delight.

Of the plants forming the coal
smensures, the larger number are
Ioblitemted, but they all belong to
the lower orders, ag dJdo the club-
mosses, tree-ferns, and other forms
which, in the warm, moist atmos-
pliere of those times, reached a
gigantic size, and had & world-wide
runge far into north polar regions,
iwhere coal seams have been found.
| Of the animal life that dwelt amongst
. them wa know very liftle, nor do the
extant fragments represent a tithe
of the forms then flourishing. In
the later deposits the lower sub-
kingdoms are represented by spiders
and large scorpions; by land-snails,
beetles, cockroaches,* of whichabove
eighty species occur, walking-stick
jinsects a foot long, huge Mny-flies,
and other insects; the honey-seeking,
pollen-carrying species being still
absent from the sombre forests.
The first known land vertebrates
appear in the salamanderlike and
long extinet amphibians called laby-
‘rinthodonts, from the labyrinthine
structure of their teeth. The ma-
rine remains arc still dJdominant.
The lower types persist; the trilo-
hites are on the verge of extinction,
but higher forms of the same
group, allied more nearly to the
lobster and the shrimp, succeed.
The first known oysters appear, and,
to the joy of the epicure, have sur-
vived all changes until now, spread-
ing themselves over the whole north-

*The cockroach is historieally one of the most
anciert, and structurally one of the most primi-
tive, of cur surviving inkecss (+f. Miall and Den-
ney’s Cockroach, p. 22). Itis amusing to find Gilbert
White speaking of this honsechold pest, for which
we have tothank the East, with eurious interest,
as ‘an unusual insect in one of my dark chimney
closatz; and find since that in the night they
swarm also in my kitchen.” (Selborne, Obs. on
. Insects.)
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ern hemisphore. Fororunners of the 'leading Pulmozoic types are extinct.
beauntiful ammonites are found; and|Several plants of the Coal and Per-
the fish, while still of the armored,mian systems have disappeared, and
species, have & more reptilian char- | the flora consists mainly of ferns, of
acter than their Devonian ancestors. | cycads or palm-ferns, and of conifers,
The life-features of the Permiai|or pines and firs, to which the cycads
system, the last division of the Pri-|are allied. Amonyg the invertebrate
mary epoch, differ but little from |animals ecertain molluses are no
those of the Carboniferous; the only, ilonger found, but there is an inter-
although important, distinetion is in imingling of old and new types.
the remains of truo reptiles with ! Oysters and whelks and members of
crocodile-like characters. the cuttle-fish group are abundant.
2. Secoxparv.—We now leave the | As yet fishes exhibit no marked ad-
Primary epoch and enter the Second- ! vance in strueture, and tho labyrinth-
ary epoch, with its widely different|odonts, the time-range of which is
features and contents, explicable!thus shown to have been enormous,
only by a great break in the sucees-|are changed only in size, as their
sion of strata, snd by an enormous |footprints evidence. Reptiles allied
lapse of time for the modificationito the crocodile group, and sea-
lizards, which attained gigantic size
in luter periods, are now the domi-
nant types. Whether certain bipedal
footprints in the Triassic sandstones
are those of birds is doubtful; per-
haps they are tracks of reptiles with
bird-like movements. But in the
absence of proof that they are due
to birds, assuming that these pre-
ceded mammals in the succession of
species,* o great link is missing in
the Trias, since that system has
vielded teeth of the earliest known
mammel.f It was brobably of the
marsupial or pouched order, a form
. 1now represented most nearly by the
Fre. 12.—TInsects in Amber. Australian  phalangers and the
American opossums.
of the life-forms. Although, as in!  The Jurassic or Oolitic system oe-
every period, voleanic action is mani- ! cupies extensive areas in both hemis-
fest, the igneous tocks being pushed pheres, and ranges from the Aretic
throngh the strata, or now and agnin  circle (v Australia. Its strata,
alternating with them, we meet with | ]m-gel.v con)p()sed of coral growﬂ]s
few traces of the metamorphism and other organic remains, are rich
which so baffles examination of thein special life-forms which aro limitcd
earlier vocks; we can mark morelto the Secondary epoch,
definitely the boundaries of land and| Tts seas which overspread the
water. measure more accurately the| greater part of Furope, covering the
changes, and trace more clearly the ‘ large salt lakes of the Trias, swarmed
relations between the snccessive life- ' ————— —
. - . Cf. Heilprin, p. 161,
forms’ of which the marine are .s.tlu © 1 Ientertain no sort of doubt that the reptiles,
the preponderating, and the reptilian ‘ vizds, and mammals of the Trias are the direct
the most marvellous. i Sxtsted In the laiter pare of the Talozoie
In the earliest division of this i epoch, but notin any area of the present dry land

. . i which has vet been explored by the geologist.'—
epoch, the ZDriassic, many of the | Huxley's Critiques and Addresses.

/
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Fre. 13.—Fossil Plants from Coal-beds.
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with exquisite spiral ammonites,
large and small; with conical bolt-
like belemnites, allied to the cuttle-
fish group; with lobsters, prawns,
and crabs, which suceeeded the trilo-
bites and other crustaceans; with
ganoid fishes, sharks, and rays. And
‘there were giants in those days'—
monsters of the deep—in the feroci-
ous sea-lizards, with their fish-like
bodies and flipper-like limbs; mon-
sters of the land, too, of dread
aspect and size seen neither before
nor since, one found in North Aiuersi-
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Fra. 14 —Bolemnites.

can beds being, it is computed, more
than one hundred feet in length and
above thirty feet in height. Very
interesting and unique remains of
the marine lizard plesiosaurus have
recently been found in the shape of
minute mummies under flve inches
long, in which the substance of the
flesh is perfectly preserved, even
the circle of the eyes and the con-
stituent bones being clearly distin-
guished. There were flying lizards,

winged like bats, hollow-boned like
i
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birds, and with claws, skin, and
teeth like reptiles; and it is in a
Jurassic limestone stratum that the
oldest known true bird, a creature
about the size of a rook, called arch-
wopteryx, is found. It does not cor-
respond to any known past or pres-
ent birds, but represents a transi-
tional type, having both bird- and rep-
tile-like characters. In addition to
free claws to each wing, the tail s
long, and made up of separate bones
or prolonged vertebrse, a feature
noted in the embryos of birds. The
remains of a bird about the size of a
crane, but with uncertain affinities,
have alea heen fonnd in the Jurassic
beds of Wyoming.

While the sca, then, as ever, was
the more thickly peopled, the land
had a far more important air-breath-
ing population, both of small things
and great. The hwn of insect life
filled the cycadaceous forests, butter-
flies* sported in the sunshine, spiders
spread their webs for prey, and the
remains of marsupials point to the
range of these small but highly
organized ecreatures over Western
Europe. The plants and animals of
the British Isles in Jurassic times
probably resembled those still found
in Australia, which, by reason of its
long isolation from other continents,
has preserved in its pouched mam-
mals, its mud-fish, and its cycads
fmore ancient life-forms than any
‘other country, perhaps New Zealand
texcepted.

The vast chalk formations of the
‘globe are the typical features of the
- Cretaceous period, when the sea
[overspread a large part of Europe,
Asia, and Northern Africa, recciving
on ity floor the. fornminiferal shells

* Mr. Bates remarks that butterflies, owing to the
registry of all changes of the organization on the
wings, are ‘better adapted than almost any other
group of animals or plants to furnish facts in il-
lustration of the wmodifications whkich all speeies
undergo in nature under changed local conditions.
As the laws of nature must be the same forall
beings, the conclusions furnished by this group of
insects must be applicable to the whole organic
world ; therefore the study of butterfiies—creatures
selected as the types of airiness and frivolity—wil}
some day be valued as one of the most important

branches of biological science’—Nualuralist on the
Amazons. *
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F1c. 15. —Plesiosaurus,
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Fi1e. 16.—Pterodactyl (Wing finger).
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which were converted into chalk, and  knowledge of ancient life-forms,
the skeletons of sponges and other i *dragons of the prime.’ crocodile-like,
organisms round which silica has'bird-like, and bat-like, are found;
gathered, forming the flints which also toothed birds, with reptile-like
occur in limestones of all ages from | brains, and the remains of true birds,
the Silurian downwards. Molluscs, | these last being rare in the Old
nautiluses, belemnites, ammonites, World. Little trace of the Cretace-
gome of them the size of a cart-wheel, ‘ ousland-areas remains, but the plants
swarmed in its waters; and withlof the upper strata resemble existing

F1a. 17.—Archwopteryx. A, Foasil showing tail and tail-foathers (reduced). This, the
only known specimen, is in the Natural History Museum, S8outh Kensington. B.-
Archmopteryx restored. !

them the huge reptiles of Jurassic|vegetation, as angiospermous ex-
times, sea-lizards and sea-serpents,  ogens, or leaf-bearing trees having a
also ganoids and sharks; and, what|true bark, and growing from the out-
is important to note, bony-skeletoned | side, with their seeds enclosed in a
fish allied to the salmon, herring, and | vessel. They are called *exogens’ in
perch families. contrast to ‘endogens,’ or palms,

In the North American formations, | grasses, and lilies, which have no true
which have so largely added to our|bark, and grow by additions from the

inside.
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Fic. 18.—Ammonite.

Fic. 19.—1, Fossil Perch. 2, Fossil Salmon.



THE STORY OF CREATION.

Of the Lolal thickness of Lue strati-
fied rocks, estimated at one hundred
and thirty thousand feet, the Second-
ary systems occupy only fifteen thou-
sand, or less than oneninth of the
whole. But their importance, like
that of later and thinner formations,
isnot to be measured by the space
which they fill, since it-is during
their deposition, when, as the coal
seains sud coral deposits of extreme
northern zones show, warm climates

prevailed, that the marked advance

in specialization of plant and ani-
mal forms ig manifest.

3. Terriary.—Those warm cli-
mates continued far into the Tertiary
epoch, but they were followed by de-
clining temperatures, whichatlast re-
sulted in the long and intermittent
perivd of intense cold known as
the Glacial epoch. Large areas of
Europe and North America were
then awathed in ice, which gouged
and moulded the submdmg land,
choking the sea with débris, and
destroying numberless
planis and animals, to the lasting
biological impoverishment of after
times. In the end the temperature
gradually rose to its present level.

The Tertiary epoch marks the be-
ginning of the present order of
things, and of the exigting distribu-
tion of land and sea, as also the up-
rising of most of the great mountain
chains.

Although mueh of the existing
land-area was then submerged under
shallow seas, the sites of the greaf
conlivents of bouth hemispheres had
wellnigh the same outlines ag now.
Varied as are the life-forms of thab
epoch, mnrelated and, save in the
nummulitic limestones, detached as
are the strata, those life-forms mani-

fest a gradual approach to existing:

species and a marked divergence

from the species of older epochs.:
The eolossal reptiles of Jurassic and ;

Crotaceous times, the coiled ammon-
ites and other mollusea of their seas,
are extinct. The age of huge rep-
tiles has given place to the age of

species of |
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mammals, with their intermediate
forms, but with no one group domi-
nant, and with no important group
unrepresented. Larger animals have
always been less able to resist
changes than smaller animals. When
the particular conditions which en-
abled them to attain to a great size
have altered, they have been the first
to perish. If is the smaller, nimbler,
and larger-brained animals thut adapt
themselves to changed conditions;
hence their long tine-range com-
pared with that of animals of un
wieldly structure and small brains.
And while the big reptiles of the
Secondary epoch, Iike the big plants
of the Carbonpiferous system, have
left only dwarfed representatives, it
ig from the persistent smaller types
that the higher mammals are de-
scended.

The links between the Secondary
and the Tertiary epochs are, oxcept
( meagrely in the United States, unrep-
resented by any known strata, de-
nudation having swept away the in-
termediate deposits with their con-
tents. And so confused are the
Tertiary strata that their order in
fime is determined solely by the
proportion of their shell-fish to exist-
ing species, ranging from as low as
three per cent. in the oldest beds to
ninety-five per cent. in the newest.
Mollusca have been called the alpha-
bet of paleontology, because their
extensive distribution through the
several epochs renders them the
most valuable and trustworthy of all
organic remains in assigning the
order in time and the conditions of
life, not only of their own species,
but of other specics whoso lifo-his-
tory is briefer, and whose range is
more limited.

The rocks of the Tertiary epoch
witness to wide-spread agueous and
voleanic action. This is specially no-
ticeable in the Focene strata, prom-
inent among which are the vast beds
of limestone laid down when Europe,
its north-west corner excepted, and
Central Asia were covered by the sea,
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Hindostan being then an island,.and
Northern and Southern Africa sepa-
rated by the sea which then covered
the Sahara. These beds extend from
the Pyrenees to China and Japan,
and also largely compose the Alps,
Carpathians, Himalayas, Atlas, and
lesser mountain chains. Not many
noble nor mighty are called to the
enduring tasks of nature. It is the
minute agents, unresting and wide-
spead, that have been the efficient
causes of much that is grandest in
earth-stucture; and il is of shells of
the coinlike nummulites that these
stupendous formations are mainly
composed.  Their foundations were
laid in archsan timesin the fissures

THE STORY OF CREATION.

ed and crumpled strata were up-
heaved above sea level, water and
the powers of the air sculptured
them into pinnacle and peak, into ra-
vine and valley. So the big mount-
ains, as we know them, are relatively
modern; the lesser ones are the
older, as longest subject to the wear
and tear of eroding agents. Mont
Blane and the Matterhorn are mnot
older than the Focene marine clay
on which London stands; and the
Righi, a fresh-water shingle bed, is
younger still.

Broadly grouping the life of Eocene
seas, we find large whales, teleost or
hony-skeletoned fich in abundance,
and the persistent ganocids. Birds

Fig. 20.—Fragment of Nummulitic Limestone from the Great Pyramid.

opened in the crust by voleanic
action. Into these fell the sediment
and organic deposits of ancient seas,
which ultimately, as the cooling crust
caved-in by its own weight upon the
shrinking hot nucleus, were squeezed
and puckered and overturned by
lateral pressure into numberless
folds: or acecording to alater theory,
plicated and bulged through the
heat generated by the acecumulation
of sediment.* Then, when the twist-

*Mr. Mellard Reade’s recently published Origin
of Mountion Ranges is an important contribution to
a difficult subject. The author contends that the
earth’s cooling has not extended to such a depth
as to make internal contraction a cause of mount-
ain ranges. He regards them as due to sedimenta-
tion, whether orgaric or inorganic, accompanied
by local change of temperature in the crust. The
heaping up of the sediment producesa rise in
temperature, which causes expansion in all direc-
tions. Thisis illustrated by the effect in the course

and bats are in the air; crocodiles
and turtles swarm in the shallows;*
snakes and serpents make their ap-
pearance ; the mammals are no longer
restricted to pouch-bearers, for the
placentals—huge quadrupeds, carniv
ora, hornless deer, and hog-like
forms of a type between the tapir
and the horse—appear in large num.
bers. Among the most remarkable
fossils from North American beds are
those of the ancestor of the horse, a
creature about the size of a fox, with

*<pore true turtles have left their remainsin
the London clay at the mouth of the Thames than
are known to exist in the whole world.’—Sir R.
Owen, Paleoniology, p. 281,

of time on the lead lining of a sink, which, through

alternate heating and cooling, gets bulged up in
ridges.
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four hoofed toes on each foot, and in
one form (Kohippus) with the rudi-
ments of a fifth toe. A still more
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corresponded more nearly to his
modern descendant, the variation be-
ing that each foot had three toes, of

significant biological link is found in ' which only one touched the ground.
the lemuroids of the Upper Eocene  Birds and insects were abundant: of
{which belong to the Primates, or'the latter, thirteen hundred species

order of mammals including man and |

ape), possessing characters allying
them to one or other of the hoofed
quadrupeds then living. The plunts,
which were slowly dispersed over!
the northern hemisphiere from polar;
regions, were tloplcal in character,
as chown by remaing in the Thames’
delta and corvesponding deposits.
The like character applies to the
flora of early Miocene (in which
is included Oligocene) times, which

have been found in Switzerland
alone.

The Pliocene period ushered-in
great local changes in land and
water distribution.  The lofty ridge.
iclothed with oaks and vines, that
had stretched from France to Green-
land, and the remnants of whose vol-
canic chain, of which Hecla ig the
sole active relie, are extantin the Heb-
rides and the Highlands of Seotland
and Wales, was submerged. Europe

F16. 21.—Feet of Ancestors of the Horse (Kouidea).
4, Orchippuey Eoctnc: B, Auchilherium, Upper Focene: ©, Hipparion, Upper Miocene: D, horse of
Plivcene and Quarternary  The figures indicates the nuinbers of the digits in the fve-fingered hand of
mamals.

was thus severed from America, bnt
two of deposit in Britain. Timber | Britain was left as a peninsula, the
trees, evergreens, and water-lillies 'newly invading waters of the North
flonrished within eight degrecs of;Sea dividing Scotland from Norway.
the morth pole, with which Eu-i 'On the other hand the Kurasian
rope and America were connected continent was upraised in parts,
by way of the Faroe Islands, Ice-:leaving the deeper basins of the
land, and Greenland, or of Rehr. . Black, the Aral, and the Caspian Seas
ing Straits. The animals approximat-:as remnants of the shallow waters
ed more nearly to those of the pres-. that bad linked together the Baltic
ent, save in- the huge size of some of 'and the Persian Gulf, and also the
the mammals, as of the mastodon and . Aretic and the Indian Oce:ms
other creatures allied to the ele-. Except in the larger species, which
phant. | gradunlly died ont, the hippopotamus
Small rhinoceroses, hornless deer, alone among them surviving to this
anthropoid apes, as large as man, day, the quadrupeds' varied little
and, probably, the ape-like ancestors, 'from those of the Miocene, the most
of man himself, appeared; the horse: remarkable among the carnivora

are represented by only a patch or
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& T

Fic. 22.—Stone Implements: Paleolithic Age,
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beinyg fierce sabre-toothed felines.
But for us the most interesting

Pliocene relics are the scanty frag-|
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glaciers of Scandinavia and Switzer-
land. Glacial action swept away the
northern flora, never to return, the

ments of the skeleton of man, andiexisting vegetation being almost en-

the flints bearing marks of artificial
chipping, which have been found not
ouly in France, Ttaly, and Portugal,*
but, what is far more important, in
the Pliccene gravels of California.t
For us it is agreed that the birthplace
of man was in the Old ‘World, prob-
ably, in the judgment of some au-
thorities, in the far north of Asia,
the time-range of the genus from
which he is descended has to be ex-

tended to allow for his development
and dispersion.

Plioeenc fauna and flora alike wit-
ness to a cooling climate. The life-
destroying agencies are at work; the
cold fingers of the ice-giant are being
spread over the northern hemisphere
to the fiftieth parallel of latitude,
dinting and rounding its surface, and
leaving to this day the traces of

their impress in the snow-ficlds and '’
iroughly chipped stone tools and

*Cf. M. da Quatrefages’ Tntroduciion 4 I'Etude des
Races Humaines, p. 91 (Paris, 1887:; and, for oppo-
site views, Prof. Boyd Dawking’s Early Man in
Britain, pp. 90-92,

tOn the authority of Pref. J. D. Whitney, U. 8.
Geological Survey.

Fio. 23.—Mammoth, ar Wanlly haired Elephant.

tirely post-glacial and of eastern
origin.

4. Quarer¥.ry.—Upon the glacial
deposits or boulder clays, only the
most recent of which contain fossils,
and these poor and scanty, rest the
strata of the present geological
epoch, the Quaternary, or Post-
Pertiary or Pleistocene, as it is va-
ricusly called. This is subdivided
into the Post-Pliocene and the Re-

'cent, the former containing the re-

mains of many extinet snimals, as
huge wingless birds and sloth-like
mammals, and the latter the remains
of none but existing species. The
Post-Pliccene boeds furnish plentiful
evidence of man's presence in West-
ern Europe, although mcore in his
works than in himself, since only the
seantiest remains of his fragile skele-
ton have been preserved. The

weapons with which he made shift
have been found buried in ancient
river gravels with bones of the
mammoth or woolly-haired elephant,
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and other arctic animals, as well as
with bones of temperate and tropi-
cal animals, probably witnessing to
sharp alternations of climate. When
the foundations were being dug for
Drummond’s new bank at Charing
Cross the following fossils were
found in the Pleistocene gravels:
—Cave lion; tusks and bones of the
mammoth; extinet Irish deer; rhi-
noceros; extinct oxen; red deer and

A
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of altogether different conditions
separate the rude savages of the
Paleeolithic or old stone age from
the progressive races of the succeed-
ing periods into which prehistorie
time is divided—namely, the Neo-
lithic or newer stone age, the age of
Bronze, and, lastly, the age of Iron,
which mergesinto the brief and mod-
ern period embraced by the histor-
1an.

FLARBAGE RELETSE

Fie. 24.—A, Mammoth Scratched on ivory, found in the Madelaine cavern in the

Dordogne.

the remains of a species allied to the
fallow deer. Stone implements and
rude works of art of a somewhat
more advanced race, possibly ances-
tors of the Eskimo, have also been
found associated with remaing of
sub-arctic animals in limestone
eaverns.

A vast range of time and wide gap

B, Fight between Reiudeer ; scrutched on slate.

In the foregoing rapid summary
of the earth's past zoology and bot-
any much of detail has been left out
for clearer presentment of the typi-
cal features of each epoch, and of
the scale of life as an ascending
scale. The older the rock the sim-
pler the life-forms.

The seaweed and the lichen, stem-



THE STORY OF

Hrnopin o

CREATION., 35

Y.V\/my. L.

Fie. 25.—Stone Implements: Newer Stone Age.

1, dint arrow head : 2, stone axe-handle : 3, flint knife ;
hore ; 7, spoon for scooping

4. bone harpoon ; 3 bone needle; 6, perforated
marrow from bones,
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less and leafless, are lower than the
club-moss and the tree-fern; these
are lower than the true timber tree,
with its complex arrangement of
trunk, branches, leaves, Howers, and
fruit. The sponge, rooted plant-like
to the rock is lower than the coral
or the star-fish; these, again, than
crabs or shell-fish, the most highly
organized of which are lower than
the vertebrates, betweon the several
groups of which the ascents are man-
ifest in fish, reptile, bird, and mam-
mal. And among these last there
are the lesser and the greater: the
pouck:bearers, bringing forth their
yvoung immatnre, are less specialized
than the placeatals, Lringing forth
their young fully developed; while
here, also, the ascending grades are
geen in whales, ungulates, carnivora,
monkeys, men.

To all which the fossil-vielding
rocks bring their witness. Twiper-
fect as is their record, obscure as in

THEE STORY OF CREATION,

certain cases are the causes of modi-
fication resulting in the appearance
of new types, the evidence as to as-
cent of life from the simple to the
complex, and as to its succession, is
overwhelming. There was a time
when the earth was devoid of life,
and we are very far from its ‘proto-
plast’ beginningsin the earliest known
organic remaius, just as all species
probably came into being long hefore
we have any trace of them. But no
evidence as to their first appearance
that may be gathered from parts siill
unexplored 1s likely to alter the rel-
ative order assigned to the several
types as compared with one another.

The history of the earth is written
by fire and water; its life-history by
water alone.

The voleanic and other modes of
igneous disturbance that have up-
heaved, depressed, comtorted, and
fissured its cooling erust are due tu
the internal, energy manifest in the

TaABLE 0F THE StcoESSIVE APPEARANCE o¥ TyYPICAL
LirE-FORMS.

i Epoch. | Syatem : Animal Plant |
i
i ‘ . |
: PRIMARY or Laurentian Eozor Canadenset*); TForami- @ !
: PaLmozoic nifera . i
. iEgrliest known | Cambrian Spongcs; corals; crustaces; @ T
| Life-forms) | shell-fish Lt e Tubomsses
! Silurian , Huge crustacea; the lowest I ;
known vertehrates (ganoids or
armored fish) ]
. tAge of T'erna Iievonian Insects ; swarma of ganoids |
i and Fishes) Carboniferous Land vertebrates (labyrintho- L Ferns ; cala-
\ donts) { mites; cycads
: Permian " Raptiles i
1 H
+ RECONDARY AP Trinssin Imaeanan rentiles: sea-lizards: I
i Mzsnzorc marsupial mammals
| (Age of Pines | Jurassic | Tmmense bird-reptiles; true Conifers; palms
and Reptiles) I birds® . |
Cretaceous | Bony-skeletoned fish : largeam-
| monites H I |
TERTTARY or Eocene " Huge placentnl mammals; =er- ‘] Trees, shrubs, !
CAINOZOIC pents ; nummulites ) herbs ftll}Fd :
. tAge of Leaf- | Miocene and True whales : man-like apes : ‘ to  existing
; forests and Pliocene sub-tropical
Mammals} species
(Glacial epoch intervening, and continuing into the—)
QUATERNARY Post-Pliocene | Mammotk and other woolly |} Arcticand tem
quadrupeds : man y  perate

Recent or His- ! Existing species

i torie |
i

Existing species

*The (hsun ery of tie lowest mnammalian forms in earlier strata than those containing birda seems
opposed tc the accepted order of succession, but there is comsiderable uncertainty as to the exaot
period of the firat appearance of birds.
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escape of pent-up heat and in chemi-:

cal action. The more potent agents
of change in the visible crust, how-
ever, have not been from within, but
from without. As the internal en-
ergy, derived from contraction of the
hot nucleus, decreased, the energy
derived from the sun became more
effeetive.giving rise to changes where-
in variations in temperatnre and the
circulation of air aud water over the
surfuce of the earth would come into
play. It is to these—to the solvents

of the atmospherc and rain, to the,
driving wind, to watcr in its several:

states and movements, whether of
disrupting frost, grinding glacier, er-
oding river, or waves and enrrents of
the sea—that the five-and-twenty
miles and more of stratified rocks
(for the same stuft has been used
over and over again). with all the
varied contour of the carth’s surface,
are mainly due.

the changes, they oceur within de
fined limits. The deep ocean basins,
the lines or seams of the great
mountain chains, have probably been
permanent from the remotest geo-
logieal epochs, and the variations in

land and water distribution, although

“sun.’
Vast, slow, and continuous as are.
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enormous and unceasing, have been
confined to certain areas. All the
evidence furnished by the agueous
rocks, from the earliest primary to
the alluviul formations of to-day,
point to their tranquil deposition on
the floors of relatively shallow seas,
where they have been converted by
pressure and other means into solid
beds, entombing organic remains
which give the key to their relative
place. Then, on their upheaval above
the sea, the eroding agents have be-
gun their slowly levelling work, and
the débris of lands, where life-forms
have flourished and perished, have
retnrned to the waters whence they
uprose, to become once more ‘the
dust of continents to be.’ And so
‘the thing that hath been, it is that
which shall be; and that which is
done is that which shall be done:
and there is no new thing under the
Between the opposing agents
of waste and repair, of upheaval and

“subsidence, with interplay of the or-

ganic in growth and decay, as in
limestone ranges. coral isles, and
coal-beds, and the action of man him-
self on nature, the ancient earth is
mrinteined from age to age mother
of all living.

CHAPTER V.

PRESENT LIFE FORMS.

I. PIAXNTS.

Sea and other water-weeds ( Algr)
Fungi . . . . . .
Lichens

Mosses - .

Ferns and Horsetails

Pines and Palm Ferns . . . . .
{Many seed-lobes.)

(irasses, Sedges, Pulins . . . . .
(One secd-lobe.y
Trees, Shrabs, Herby . .

' {T‘;vo so.c-'l—l(.)bcs.)

Gymnospores, i.¢. naked spores,

. . . . : Angiospores, 1.e. enclosed spores.
Club-mosses . . . . . . . .
. Gymnosperms, .., naked seeds.

f;\ngiosperms, i.e, enclosed seeds.

1L ANIMALS,
1. INVERTEBRATES, i.¢. without backbone:

Monera” (Gr. monos, single)
Amaeha® (Gr. amotbe, change)

Structureless, sticky, alike all over.
Slight unlikeness of parts: always changingshape.

* No fossils of these soft-bodied lowest forms exist.
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Foraminitera (Lat. forgmen, an opening) .

Polycystina (Gr. polus, many ; and kustis, a cyst) - .
Sponges.,

Coral animals, anemones.* jolly-fish.t
Sea-lilies, star-fish.

Worms of all kinds . . .
Crabs, spiders, centipedes, insects *
QOysters, snails, cuttle-fish
Sea-gquirts {Ascidia)

2
A. Prsces.
Lancelet (Amphioxus).t
Figh of all kinds.
B. Amphibia.
Toad, frug.
E. Mammalia.

1

2.

fiesh-feeders; hare, and all other guawing
apes ; man.

Ii tho life-forms of the past some-
what baffle us by their scantiness
and imperfectness, those of the pres.
ent embarrass us by their abundance.
But although the existing species of
plants and animals are numbered
by hundreds of thousands, and the
tale is not yet complete, they are
classified into a few primary divi-
sions or sub-kingdoms representing
certain allied types, of which the
several species included in each
sub-kingdom are modificd forms.
For example, olives and daisies are
grouped as angiosperms because
their seeds are enclosed within a
seed-vessel; flies and lobsters, bee-
tles and crabs, are grouped in the
sub-kingdom of the Annulosa, be-
cause they are alike composed of
distinet scgments; boys and frogs,
pigs and herrings, are grouped in
the sub-kingdom of the Vertebrata,
because they alike possess an inter-
nal bony skeleton. the most impor-
tant feature of which is the spine or
vertebral column. And this class-
ification is applieable alike to past
and present organisms, there being
throughout the whole series of fossil
remains no form, however unlike any
existing living thing, that is not to
be placed in one or other of the
sub-kingdoms.

*No fossils of these soft-bodied lowest forms
exiat.
+ Impressions of bodies only.

1 No fossils.

Aplacental(bringing forth immature young):— Mmatremes, or one-ve
ant-cater. AMarsupials, or pouched: kangaroo, opessum.

Placental (bringing forth mature youngp—Ans-eater,
poisesd; horse and all other hoofed animals: elephant;

OF CREATION.

Bhow

Secorete shell orskeloton of lime from water.
passage to further nunlikeness in parts.
Secrete shell or skeleton of fint from water.

} Annulosa.

} Mollusca.

VERTEBRATER :

C. Reptilin.,
Serpent, lizard, crocodile tartle.

D, dves,
Birds of all kinds,

nted: duckbill, spiny

atoth, manatee : whales and por-
seal, dog, lion, tiger, and all other

animals ; bats; moles, and all other insect-fesders ;

All things the world which fill
Of but one stuff are spun ;

and this stuff, the basis of all life,
the formative power, 'universullz
known and yet essentially unknown,’
to which the name protoplasm (Gr.
- protos, first: plasmis, moulded) has
ibeen given, 18 o scmifluid, sticky
material, full of numberless minute
granules in ceaseless and rapid mo-
tion. ‘Itis not a compound but a
structuret built up of compounds,
consisting of the elementary sub-
istances carbon, hydrogen, oxygen,
‘and pitrogen, in very complex union.’
: They are the essential elements, but
.a few others enter into the chemistry
cof life, with rosulting slight differ-
ences in the incidental elements in
animals and plants. Moreover, o fun-
damental umty of form and of fnne-
-tion underlies and prevades living
j matter, from the slime of a stagnant
ditch to the most complex animal;
the differences between living things
i being in degree, and not in kind.
Therefore, although each genus, nay,
in most enscs, cach species, needs for
its complete study the labor of a life-
time, it suffices for the majority of
us, grateful for the results which
the zeal of specialists has achieved,
to acquaint ourselves with the essen-
tial eharacteristics which mark the
main divisions of the twin sciences
*Sach’s, p. 294.

l t8ir Henry Roscoe’s Prestdentiul Address to the
British Association, 1887,
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of hotany and zoology. If this is|

the only possible thing for us, it is
the one thing needful for all, whether
specialists or non-specialists; other-
wise the significance of facts, in their
relation and dependence, is missed,
and the larger generalizations are
swamped in a sea of detail, so that
we ecannot, ag the phrase goes, see
the wood for the trees.

Tn the old division of the thrce
kingdoms of nature into the mineral,
the vegetable, and the animal, we
wera taught that stoues grow: that
plants grow and live; while animals
grow, live, and move. But this no
longer holds good, at least in respect
of the lower life-forms. There are
locomotive plants and stationary ani-
mals. The swarm-cells or zocspores

which are expelled from somo of the |

lower plants, as algm and certain
fungi, behave like animals, darting
through the water by the aid of
hinir-like filaments called vibratile ¢il-
ia, finally settling down and growing
into new plants. Other plants, as
diatoms and desmids, are locomotive
throughout life; certain marine ani-
mals, as sponges and corals, are root-
ed to the spot where they grow:
while there are organisms which ap-
pear to be plants at one stage of
their growth and animals at another
stage.

Other marks of supposed unlike-
ness have vanished. It was formerly
held that amouy the distinctive fea-
tures of animalg are—(1) a sac or
eavity in which to receive and digest
foed; (2) the power to absorly oxy-
gen and exhale carbonie acid; and
(3) anervous system. But althongh
neoarly all animals, in virtue of their
food being solid, have a month and
an alimentary cavity, the lowest forms
are without these organs; and al-
though plants, in virtue of their food
being liquid or gaseous, need not
that cavity, there are some that have
it. Not only is the process of diges-
tion apparent in the leaves of car-
nivorous plants, the hairlike glands
on wlhich contain pepsin, but em-
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bryonic forms have been found to
secrete a ferment similar to the fer-
ment in the pancreatic secretion of
animals, by which they dissolve and
utilize the food-stores in their seed-
lobes as completely as food is di-
gested in our stomachs. And al-
though green plants, under the ac-
tion of light, break up carbonic aeid
and release the oxygen, they do the
roverse in the dark, as ulsu iu respi-
ration; while the gquasi-animal fungi
which nre independent of light absorb
oxygen and give off carhonie acid.
In the “irritability” of the sundew,
Venus's fly-trap, and other sensitive
plants, still more so in subtile and
hidden movements in plant-cells, we
have actions corresponding to those
called ‘reflex’ in animals, as the con-
traction of the shapeless, amoeba

Fra. 26.—Venus’s Fly-trap.

a, bristleg in triplets, whichk when touched cause
the sides of the leaf to collapse and enclose the
intruder.

when touched, or the involuntary
closing of one's eyelid when the eye
ig threatened, or the drawing back of
one's feet when tickled. The fila-
ment in the amceba which tronsmits
the impulse causing it to contract
differs only in degree from the sen-
sory nerves in ourselves which trans.
mit tha impression to the motor
nerves, causing the muscles to act;
and since there is every reason for
referring the contractile action of
plants, 4. ¢, their movements in obe-
dience "to stimulus, to like causes,
the germs of a nervous system must
be conceded to them. The minute
observations of Darwin and his son
into the large class of quasi-animal
movements common to well-nigh all
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vegetable life go far to confirm this. |animals, the lower forms excepted,
The highly sensitive tip of the slowly : reach a given development, the vast
revolving root, in directing the move- | majority of plants do not, but con-
menis of the adjoining parts, trans-| tinually put forth growing points, so
mitting sensation from cell to cell, | that life goes on indefinitely, and is
seems to ‘act like the brain of one of | multiplied and distributed over large
tho lower animals; the brain being |areas. The life of the higher ani-
seated within the anterior end of the !mals is indivisible and, as compared
body, receiving impressions from the ! with the plant, brief, while cuttings
scnse-organs and directing the sev-lor tubers from a single plant are
eral movements,* | talen without detriment to the vigor

In these and kindred vital proe- [and duration of the parent life.

esses, in the so-called sleep-move-;  Of course the difficulty of classify-
ments of lewves and flowers, both ing vanishes in the higher forms;
regulated by the amount of light, the lowest plants are allied to the
apparently acting on them as it acts ' lowest animals, but the higher the
on our nervous system; in the de- \ plant the more it diverges from the
tection of subtile differences in light | animal, which is evidence that in
which escape the human eve, by:the succession of life the highest
plants; in the higher range of sensa-  piants do not pass into the lower
tion which they manifest, as eom- i animals. Descent is not lineal, but
pared to some animals; in their;lateral; the relations between the
choice of food, and of the material of | two kingdoms are rtepresented by
the covering which some of them ge¢-1 two lines starting from a common
crete; in their general sensitiveness ' point and spreading in different di-
to external influences; even in the  roctions (see diagram, fig. 62). Even
diseases which attack them, and the!‘lower’ and ‘higher’ ‘are relative

study of which Sir James Paget has
commended to pathologists, we have
the rudiments of attributes and pow-
ers which reach their fnll develop-
ment in the higher animals, and
therefore a series of fundamental
correspondences between plant and

animal which point to the merging of
their apparent differences in
commumity of origin.

In fine, that which was ouncel
thought special to one is now found'
to be common to both and to this:
there is no exception. Not only is:
there correspondence in external
form in the lower life-groups, but,
fundamentally plants and animals
are alike in internal structure, and
in the discharge of the mysterious
processes of reproduction and of
nutrition, although. as will be shown
presently, this last formns a con-
venient line of separation. Not-i
withstanding agreement in essential
points of comparison, there is this
difference to be mnoted, that while

* Darwin's Movements vf IPlants.

terms; the organization of the am-
«eba is as complete for its purpose
as is that of man for his purpose,
the modification in the complex
forms being due to the division of
functions which are performed in
every part by the simple forms. The
like does everything; the unlike does

one | some things.

Although the foregoing and num-
berless: other facts, together with
the evidence from continuity, alike
forbid the drawing of any hard and
fast lines, and involve the eonclnsion,
to borrow Professor Huxley's words,
‘that the problem whether in a given
cuge an organism is an animal ora
plant may be esscntially insoluble,”
there exists, as noted already, a
broad distinction in the mode of
nutrition.

The plant possesses the mysteri-
ous power of weaving the visible out
of the invisible, of converting the
lifeless into the living. This it does
by virtue of the green coloring mat-
ter called chlorophyll, which is found
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uhited with definite portions of the
protoplasm mass, of which it is a
modification, the exact nature being
unknown. The water supplied by
the root and the carbonic acid which
the plant absorbs through the num-
berless stomata or mouth-pores in
its leaves or integuments are, when
the sunlight falls upon them, broken
up by the chlorophyll,* which sets
free the oxygen, and locks together
the hydrogen and carbon, convert-
ing this hydrocarbon into the simple
and complex cells and tissues of the
“plant, with their store of energy for
service to itself and to cther organ-
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factures protein from the mineral
world, and the animal obtains the
protein ready made; the plant con-
verts the simple into the complex,
and this the animal, by combining
it with oxygen, consumes, using up
the energy which it thereby obtains
in doing work. So the plant is the
origin of all the energy possessed by
living things; but how it can con-
vert the stable inorganic into the
unstable organie, while the animal
cannot, we do not know.
Struetnrally, the lowest animal ie
below the lowest plant, since it is a
speck of relatively formless, colorless

F16.27.—Diagram of a cell.
p, protoplasm ; n, nucleus; »’, nucleolus.

Frc. 28.—Structure of Cealls and Nueclei. ¢

A, cell from the marrow; p, protoplasm ; p, irregular nucleus.
protoplasm ; n, nucleus with convoluted filament,

isms. Animals cannot do this; they
are powerless to convert water, salts,
gases, or any other inorganic sub-

B, gland-cell : m, cellmembrane; p.
C, part of the filament greatly magnified.

protoplasm whereas the protoplasm
of the lowest plant is visibly organ-
ized to the extent that it has formed

stances into organic: they are able| for itself an outer layer or membra-

only to assimilate the matter thus
supplied by the plant, nburishing
themsgelves therewith, either directly,

by eating the plant; or indirectly, |

nous coat called the cellwall. For
example, the vegetable character of
veast-granules is determined, apart
from their mode of nutrition, by the

by eating some plant-feeding animal. | protoplasm being enclosed. within a
In other words, the plant manu-|cellulose coat; and the animal char-
*The formation of chlorophyll in complete darkAJ acter of the amceba is determined,

ness, but under sufficiently high temperature, has
been observed in a few instances, as in the seed-
leaf of some conifers and in the leaves of ferns.

| not because of contractile or loco-
{ motive power, or of-inability to manu-
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facture protein from inorganic mat-|by the spontaneous or aided union
ter, but by the absence of any such ' of unlike cells, as the sperm-cell of
covering. The vegetable cells sealed  the male with the germ-cell of the
their fate when enclosed within a|female, giving rise to a seed or egg

hard thick shell, because they became
thereby less accessible to external
influences, less able to combine for
the construction of nervous and
muscular tissues, than animals, and
condernned to an automatic life.
For while the animal remained free
to wander, and developed organs of
digestion and motion, the plant,
bemng fixed, perforce struck its tenta-
acles into the soil for foothold, and
developed a large surface of green
leaf to take in the food which the
wind and the water brought it.  In
changing the substance of its cell-
wall into woody tissune it prevented
the evaporation of the food ecarrying
fluids, and gained that solidity and
form of which man has availed him-
self in the uge of timber for the needs
and arts of life.

Since the function creates the
organ, and where function is not
localised there is no variation of
parts, life probably began in con-
‘binations baving no visible distine
tion of parts. And as the cell is the
first step in visible organization, it
is the fundamental structure of living
things: ‘it marks only where the
vital tides have been, and how they
have acted.”* The lowest organisms
consist of one cell only, and the
higheor consist of many cells, which,
increasing in complexity or diversity
of form adapted to their different
functions at later stages, are modi-
fied into the special tissues, with re-
sulting unlikeness in parts or organs,
of which all higher plants and ani-
mals are composed. Every variation
in structure is therefore due to cell-
ular changes, and every living thing
is propagated in one way or another
by cells: by their self-division or
fission; or by gemmation, i. e. throw-
ing off buds; or by the union of
like cells: or in more complex node,

*Huxley, in Bril. and For. Medico-Chirurgical Rev.,
1853, xit. p. 14,

lfrom which grows offspring more or
less like its parents.

In both plant and animal the cell
icontents, although here again ex-
'ceptions ocenr in some of the lowest
rorganisms, exhibit a ronnded body
ealled the naeleics,® which itself often
encloses another body called the
nucleclus, but the functions per-
formed by both in cell development
are obscure. 'That even this much is
known of cell structure may awaken
wonder when it is remembered that
we are dealing with bodies for the
most part beyond the range of
our ungided vision. Bacon truly

Fic. 29. —Semi.Diagram of Ovum of Mam-
mal,

zp, membrane; vi, protoplasm fAlled with fatty
granules ; gv, nuclewa or germinal vegicle ; gs, nu-
cleolus or germinal spot.
says that ‘the complexity of nature
exceeds the subtilty of man;’ the
infinite divisibility of matter is ap-
parent in the organic as in the in-
organic. And size counts for little:
the oak and pine, the acacia and the
rose, are lower in the scale of life
than the thistle and the daisy;f the
elephant is one hundred and fifty
thousand times heavier than the

#*When the cells are very large or long, nuclej
are present in large numbers. (Sachs, p. 86),

tSec Grapt Allen’s Flowers and their DPedigrees,
D1 420
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mouse, but the ogg of the one is|repeating the process of division.
nearly as large as that of the other;{But sexuality is manifest in plants
and it has been caleulated that if one | very low down in the seale, the mode

molecule in the nucleus of the ovun
of a mammal were to be lost in every
gsecond of time, the whole would not’
be exhausted in seventeen years.

of reproduction varying a good deal
in different species. In some cryp-
togams it is almest as complex as in

"the flowering plants; but notwith-

These molecules are the sufficing ; standing the different kinds of sexual
material media of transmission of | organs, there is this fundamental re-
resemblances, both striking and sub- | semblance between them, that the
tile, between parent and offspring; union of the contents of two cells,
and of the vast sum-total of inherited  a male or sperm cell, and a female
tendencies, good or bad, which are or germ cell, each of which is by it-

the produet of no one generation,

but which reach us charged with the .
gathered force of countless ancestral .
experiences.

Born into life, man growa
Forth from his parent’s stem,
And blendx their blouds, as those
Of theirs are blent in them ;
80 each new man strikes root into a far foretime,*

A, Plants.

Plants arce divided into two main

groups or sub-kingdoms; I. Crypto-
gams (Gr. Zruptos, hidden; gamos,
marriage), or Howerless.
rogams (Gr. phaneros, open; gamos,
marriage), or flowering.

self incapable of fnrther development,
ig essential to the production of the
embryo or seed.

The lowest cryptogams are congre-
gations of simple fibreless cells united
in rows, or gathered round one an-
other, and spreading on all sides.
At the bottom of the scale are ithe

" Algee, comprising some ten thou-

sand species, from the microscopic
fresh-water desmids, one-millionth of
an inch in length, with their whip-
like cilia the two hundred millionth

II. Phane. ' of an inch long, to the giant sea-

weeds or tangles, hundreds of feet
in length, that cover thousands of

I The Cryptogams are subdi-|%quare miles of ocean. The green

vided into—
1.

| senm of stagnant ponds, the waving
Thallophytes (Gr. thalios, a filaments in streams, the shell-coated

shoot; phyton, a plant), cOn!lpl.i,simﬂmicroscopic diatoms that people the

algeo, fungi, and lichens. These have
10 leaves, stems, or roots; many of
them are one-celled.

2. Bryophytes (Gr. bryon, moss),
comprising mosses and liverworts.
These have leaves and sterns, but no
true roots.

3. Pteridophytes (Gr. pieris, a
fern), comprising ferns, horsetails,
and club-mosses. These have stems,
loaves, and roots.

The feature common to the cryp-
togams is the absence of any con-
fpicuous organs, i. e. true flowers,
with stamems and pistils for the
production of seeds or fruits. The
simplest or single-celled plants in.
crease by subdivision, each cell car-
rying on an independent life and

* Matthew Arnold, Empedocles on Ema.

ocean, tingeing its depths with olive.
green, and whose skeletons form de-
posits hundreds of miles in length;
the rose and purple weeds that flour-
1sh 1n shallow seas, and are cast upon
their shores, are all members of a
group which is perhaps the venera-
blest of living things. For although
their gencrally fragile forms have
been fatal to their preservation as
fossilg, there ia little doubt that the
algs flourished in dense masses in
primeval oceans, and were the chief,
if not the sole, representatives of
plant life on the earth during mil-
lions of centuries. Like the fora.
minifera and other low animal organ-
isms, they iilustrate the persistency
of the earlier forms, in virtue of
their simplicity of structure, despite
changing conditions: whereas the
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more complex structures, by reason
of the greater delicacy of their parts,
can less readily adapt themselves to
altered surroundings, and therefore
have a much narrower distribution
both in time and space.

Next to the algse in ascending o1-
der are those fantastic products of
decay, the quick-growing, short-lived
Fungi, animal-like in their mode
of nutrition, plant-like in their fix-
ity, and through untold epochs the
agents by which dead plants and
animals are resolved into the inor-
ganie, and made available to enter
into new combinations. Next in or
der are the JLichens, which, it is
now generally agreed, are composite
plants, being a special kind of para-
sitic fungi growing on alge. These

arc widely spread, living, after thc!

adaptive manner of simple forms,
where nothing else can live; un-
withered by the heat, unsmitten by
the frost; rcdeeming the earth's
desolate places, from treeless desert
flats far as the lines of enduring
SNOW, whero, like the mosses, they
shine in hues of gold and purple;
spreading their flowerless patches of
richest colors 1In metullic-like stains

over rock and ruin; inerusting the

trees with tint of freshness or tonch
of age, with hoary fringe or mock

hieroglyph; and in their decay yield- -

ing rich goil wherein fern and flower-
ing tree may strike root.

In Mosses, whose glossy, many-
colored masses weave softest carpet
over the carth, sharing in the service
rendered by the humble lichens, the
cells have become developed into!
rudimentary root, stem, and leaf,,
manifesting still further transition’

STORY OF

CREATION.

In Ferns the larger number of
cells have joined together to form
fibrous vessels, lengthening or thick-
ening in varying shape and texture
according to the functions to be dis-
charged by them, resulting in the
woody tissue which enters into the
structure of all the higher plants.
The cells, thus converted into tissue,
cease to grow; the formative proto-
plasm isalways becoming the formed;
’tis ‘an infinite dying, and in that
dyingis life,” since there is locked up
in the compacted material a store of
energy on which the higher organ-
isms depend.

The ferns and club-mosses and
horsetails of the present day are the

F1a. 30.—Diagram of a Flower.

, filament of stamen: a,
anther, showing pollen racs open andd pollen grains.

- Ke. calyx; K, corolla;

. esc‘xpmg F.ovary: g, style; n, stigma, on which

!are polien grains, one of which, p, issending down

» itz wpermatozaid, ps, to the microprle of the ovaw,

the central structure in ¥; 11is the integument of

. the ovum : &, the nuclens: em, tha emhryosac: K.

| the germinal vesicle, close to the pollen tube nesr
tlre micropylo,

, puny representatives of the stately and
luxnriant, slthongh sombre, flower-

towards unlikeness in parts which, 'less trees that composed the dense
is due to division of function. But!: ]ungles of green vegetation in the
the structure is still cellular, 7. e., Devonian and succeeding Primary
there are no tissues and fibres. The [periods during which our fossil fuel
mosses represent the intermediate|was chiefly formed. The existing
forms between tho lowest and the | palm-like vegutation of the tropics
highest eryptogams, between the!more nearly appro.tches its Devonian
green algs, out of which liverworts prototype, ‘but it falls far behind it
were probably developed, and ferns, in abundance as well as in size.

which arose out of liverworts. II. The Lhanerogains have their
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flowers with stamens and pistils con-
spicuous, and are divided, according
to the formation of their seeds, into—

1. Gymnosperms, or naked-seed-
ed, the ovum not being enclosed
within a seua-vessel or ovary, but
carried upon a cone, as in pines and
allied species. The gymnosperms
are the connecting link between the
flowerless und the flowering plants.

2. Angiosperms, or cover-seeded,
the ovum bemng enclosed within an
ovary.

This group is subdivided into (@)
plants having one cotyledon or seed-
leaf, from which they are developed,
as. palms, lilics, orchids, and grass-
es; and () plants having two seed-

45

the one hand, most nearly allied in
the order of descent to ferns, the
sombre flowers which they bear giv-
ing them only by strict botanical
clagsification a place among phanero-
gams, they are, on the other hand,
more complex in structure than the
single seed-leaf plants, because their
bark, wood, and pith are clearly de-
fined, as in the double seed-leaf
plants.  Their lowest representa-
tives comprise the eycads or palm-
ferns, so ecalled from their resem-
blance to palms, for which, with their
crown of feathery leaves, they are
often mistaken. Next in order is
the much more waried and widely
distributed conifer family, notably

F1a. 31.—Fertilization of Ovum.

e

A, section of ovum after fertilization ; pl, placenta; a, outer, and ¢, inner, integument : p. spermatozoid

entering icropyle ; €, eIDIYO HAC,

B, apex of embryo sac, with eb, young embryo of three cells. C,

ralue further developed.

leaves, as oaks, beeches; and all trees
and shrubs not included in tho forc-
going.

In naked-seeded plants the pollen
or male element falls on the exposed
ova; in cover-seeded plants it falls on
the stigina, passes down the pistil in-
to the seed-vessel, and enters the
ovum through an opening in it called
the micropyle, or ‘little gate’ It
has been recently ascertained that
malic acid is the agent by which the
spermatozoids are guided to the
ovaries.

Whilst the gymnosperms are, on

pines, firs, and larches, and, lesser
in importance, cedars and cypresses.
A still higher class, various in its
modes of growth, marks the transi-
tion to angiosperms, the flowers
of both having many features in
common,

The single seed-leaf angiosperms
have no visible separation of their
woody stuff into bark, stem, and
pith, and have no rings of growth,
the wood exhibiting an even surface,
dotted over with small dark points.
Their leaves have parallel veins or
‘nerves,’ ag in the onion and tulip;
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and the blussom-leaves, vr peluls,
are most usually grouped in threes
or mnltiples of three. Among their
several representatives we may sin-
gle out the lilies for their beauty and
fragrance, and the cereals for their
value and importance, both classes
being in near connection, since the
grasses from which man has devel-

oped wheat, barley, oats, rice, and |

muize are, in & botanical sense, de-
generate descendents of the lily
family.

The donble seed-leaf plants in-
clude all the highest and most
specialized varieties.  Bark, stem,

pith, and concentric rings of growth,

THE STCRY OF CREATION. -

is the most familiar representative.
Its position among plants corre-
sponds to man's position among ani-
mals. As he, in virtue of being the
most complex and highly specialized,
is at their head, albeit many exceed
Lim in bulk and strength, so is the
daisy with its allies, for like reasons,
above the giants of the forest.

The primary function for which
thie organs of plants known as flowers
exist is not that which man has long
assumed. He once thought that the
earth was the centre of the universe,
until astronomy dispelled the illu-
sion; and there yet lingers in him an
old Adam of econeeit that everything

by which the age of the plants may|on the earth has for its sole end and
generally be reckoned, are clearly de- | aim his advantage and service. Evo-

Fre. 32.—Cycad (Australia).

fined; the leaves nrc nctted-veined, |lution will dispel that illusion.

But

and the petals are most usually|our delightin the colors and perfumes
grouped in fours or fives or multi-| of flowers will not be lessened, while

ples of those numbers.
class, represented by the catkin-
bearers, as the birch and alder, the
poplar and the oak, and by plants!
allied to the nettle and to the launrel,
are nearly related to the highest
gymnosperms. Next in order are
the crown-bearers, or flowers with
corollas, as the rose family, which in
clndes most of our fruityielders,
from strawberries to apples; while
the highest and most perfect of all
are planis in which the petals are
united together in bell shape or
funnel fashion. Such are the con-
volvulus and honeysuckle, the olive
and ash, and, at the top of the plant-

The lowesti

wonder will have larger field or
play, in learning that the colored
leaves known as flowers, together
with their scent and honey, have
been developed in furtherance of
nature’s supreme aim-—the perpetu-
ation of the species. For that alone
the flowers blossom and the [ruits
ripen. And truly the contrivances
to secure this which are manifest in
plant-life are astounding, even to
those who perceive most clearly the
unity of function which connects
the highest and lowest life-forms to-
gether. It is difficult to deny the
existenee of a rudimentary conscious-
ness in the efforts of certain plants

scale, the family of which the daisy

to secure fertilization. For exam-
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ple, in a well-known aquatic plant,
Vallisneria spiralis, the male flower
with its matured pollen is detached
from the stem and rises to the sur-
face, where, ag it floats, it comes
into contact with and fertilizes the
ovary of the female flower, whose
stalks then contract and carry the,
ovary to the bottom, where the seeds
can ripen in safety. Most flowers
awre hermaphrodite, 7.¢. have their
male and female organs within the
same petals, and in some cases fer-'
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whose sombre flowers are borne on
dull brown cones; and, among cover-
seeded groups, grasses and rushes
with their feathery flowers, and wil-
lows and birches with their long
waving clusters of catkins. All of
these provide against the fitfulness
of the wind, which is as likely to
blow pollen one way as another, by
producing it in large quantities, so
that it sometimes falls in thick show-
ers, covering wide areas.

Plants which are insect-fertilized

tilize themselves by scattering the) atiract their visitors by scercting
pollen from the bursting stamens on : honey and developing colored floral
the stigma or head of the pistil |organs. The way in which this came
But nature is opposed to this; ‘tells 1 about is probably as follows.

us in the most emphatic manner The common idea about flowers
that she abhors perpetual selffertil-:is that they are made up of petals
ization "* with its resultant puny and |and sepals, whereas the essentiul
feeble offspring; and we find a num- | parts are the stamens and pistils, 7 e,
ber of contrivances to prevent this, | the male or pollen-producing organs,
and to seccure fertilization by the!and the female or seed-containing
pollen of another plant, to the abid organs. The ecarliest flowers con-
ing gain nll round of the plant, whose i sisted of these alone, having no
blood, as we may say, is thus mixed i colored whorl of petals within anoth-
with that of a stranger Conse-ler colored whorl of sepals, and were
quently, the most effective mode of ' only seantily protected by leaves, as
reproduction is that in which two|are many extant species. These the
individuals are concerned. All or-!fooﬂ-seeking insects then, as now,
ganismes in which the sexes are sepa- | visited for the sake of the pollen, to
rate have descended through many!the detriment of the plant, which
gradations from hermaphrodite an-ilost the fertilizing stuff and gained

cestors, and it is to thie divieion of:
function between male and female'
that not only a more vigorous off-
spring, but also progress among the
higher animals, is, in the first in-
stance, due. Were there no sex,
there would be no social instinets,
no love, no dependence, no unity.
This, however, by the way.

Two agencies are unwittingly con-
cerned in the fertilization of plants..
insects, and the wind ‘that kisses all )
it meets;’ while in the dispersion of |
the matured seed, birds and other:
animals, and again the wind, play an
important part.

Plants which are wind-fertilized
have no gaily colored petals or se-
pals, and do not secrete mnectar.
Such are the naked-seeded groups

*Darwin’s Fertilization of Orchids.

nothing in return. Besides the pol-
len, most plants secreted the sweet
juice called honey, especially when
1n the act of flowering, for the nour-
ishment of the blossom. This juice
was often stored in nectaries near
the seed-vessels, where the insects
could not get at it without covering
their bodies with some of the pollen,
which they unknowingly rubbed on
the pistils of the plant next visited,
and thus fertilized the ovum, pro-
vided that the plants were nearly
related. Honey being sweeter to
the taste than pollen, the plants that

' produced most honey stood the bet-

ter chance of repeated visits from
insects, and therefore of fertilization,
to the manifest advantage of their
species over others. Thus, as first
shown by Conrad Sprengel in 1794,
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there were doveloped in the coursc:sure its use for fertilization, to the
of long sges intimate relations be-|advantage of the plant in the strug-
tween the two. and also marvellous|gle for life.

contrivances to secure the visits of | Still more werc any plants favored
welcome insects of a certain form,on which spots or patches of color
and size, and to prevent the intru-:appeared, attracting the eye of the
sion of unwelcome insects, as well|insect, and developing through its
as to arrest the washing out of pol- ‘ agency into tinted petals and sepals,
Ien by rain or dew. For as plants'which have changed the carth’s once
ave rooted to one spot, they cannot | flowerless meadows into fields of
act on the aggressive. They have|clothof gold.  Both petals and sepals
to develop defensive struetures to are modified or transformed stamens,
resist attacks of devonring enemies: ! which have exchanged their function
henee their thorns, prickles, spikes. of pollon-produccrs for that of in-
haire, nauseous taste, and the like. | sect-ullurers: and as botl stamens

Fic. 33.— Fertilization of Flower (Mewdow Sage) by Insect.
a, calvx; b, rurved upper lip; e, under lip, on which the bee stands while sucking the honey: d, pistil;
«, pistil at & later stage: e, stamen; ¢, siamen shedding the pollen from its antker on the back of
the bee: Jf, bee's probuscis wherewith it reaches the honey.

Some plants have an eel-trap sort of and pistils are leaves aborted or

arrangement of the hairs at the base
of their petals to retain the desired
honey-seeker till the pollen is rubhed
on it, when the lairs relax and ve-
lease it. Others have become spe-
cially adapted to certain insects by
secreting the honey at the bottom

of a tube (nearly a foot long in some

rare orchids), and the insect has de-
veloped a correspondingly long pro-
boscis to reach it. The one aim of
all these modifieations of structure
is to economize the pollen and en-

i modified for the special function of
l reproduetion, Wolft’s generalization
that the leaf ig the type or fundu-
mental organ of the plant has alarge
measure of truth in it. But before
spenking further about color-devel-
opment in plants it may be useful
to say a little about color itself.
Since everything is black in the
dark, snd moreover has no color in
itself, it follows that color is in some
'way a property of licht. Now light,
!which is itself invisible, is due to
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vibrations or oscillations set up in
all directions by any luminous body
—whether the sun or a rushlight—
in the ethereal medium which per-
vades all space, and is composed of
rays of different refrangibility, <. e
change of direction in passing from
one medium inbo another, say from
the ethereal medium to the denser
atmosphere. - White light is due to
the combination of all these rays,
which range through innumerable
gradations of ecolor from red to vio-
let, and it is to the absence of onet
or more of them that the infinite:
variety of colors is due. If a body:
18 quite opaque, or otherwise so con-)
stituted as to absorb none of the

Fi6. 24. —I'ransition from Stamen to Petal
in White Lily.

rays, it appears white; if it absorbs
them all it appears black; if it ab-
gorbs green, blue, and violet, and
notred, it appears red; if it absorbs
red, orange, nnd violet, and returns
or reflects green, it appears green.
The colors which bodies refleet are
therefore regulated by their strue
ture; the way in which their mole-
cules are arranged determines the
number and character of the light
vibrations or ether waves which ave
returned to the eye, and which rule
the color we see.  For example, chay-
coal and the diamond are both pure
carbon; the dull opacity of the one
and the trembling splendor of the
other are solely due to the arrange-
ment of the several molecnles of each.

It is thus obvious that any change
in the nature or structure of a thing
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color, and to this cause the various
pigments in plants are to be ve
ferred.

All growth involves expenditure of
the energy which the plant has stored
within itself, and which becomes ac-
tive when the hydrocarbons combine
with oxygen, ‘resulting in cellular
change, and appearance of other col-
ors than the green of the chlorophyll.
Thus may be explained the color of
sprouting buds and young shoots,
the more or less intensified colors of
leaves and flowers, and the lovely
tints of autumn; oue and all being
due to oxidation, the minutest
changes inducing subtile variations
in color. As the stamens of most
flowers are yellow, the eurliest flow-
ers, being derived from stamens,
were probably yellow also; and all
subsequent changes in ecolor take
place n & regular order, yellow pass-
ing into white or pink, and then
throngh red and purple into Dlue,
but never in a reverse direction nor
in any other order.*

‘Whichever plants made most show
of color wonld the sooner catch the
e¢ye of insects, however dim their
i pereeption of the difference in eolors
night be, and would thus get fer-
tilized before plants which made less
digplay. Taue have ingcots been the
main cause in the propagation of
flowering plants, the plants in return
developing the color semnsc in in-
sects. The flower nourishes the in-
sect; the insect propagates the flow-
er. Other contrivances to meet the
ueed for fertilization might be cited,
a8 the markings upon the petals to
guide the insect to the ncetary; the
echalation of scent by inconspicnons
flowers, as mignonette, or by such as
would attract visitors at night, as
the night-smelling stock ; but'enough
has been adduced to show that the
chief, if not the sole, function of
flowers is to attract insects, and thns
secure crossfertilization. Nor dves
the provision stop here. The ferti-

is accompanied by change in 1ts

by Grant Allen.
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lized seed is nat left to chance, but,  kingdom which includes man is due
like the fertilizing pollen, is entrust-|to the same ecause, man being de-
ed to secondary agents, to the care:scended from a fruit-eating animal
of the birds and the breezes. 'Where: ‘who shared the common vertebrate
not scattered by the bursting of the:faculty of color perception and the
ovary it is winged with gossamer common frugivorous taste for bright
|hues.* The subject is of course

shafts, as in the thistle and the dan-|

delion, and floated on gentlest zephyr
or rushing storm to & genial soil.
Such wind-wafted seeds, like wind-
fertilized flowars, are ravely colored;
neither are the secds of the larger
trees, since their abundance ensures
notice by food-seeking animals: nor
the nuts which are protected by
shelly coats.
wrap themselves in sweet pulpy mas-
58, ealled fruits, whouse skins brighten |
as they ripen, and attract the eye of |
fruit-loving birds and beasts.* The
seeds pass through their stomachs
undigested, and are scattered by
them in their flight over wide areas.

As with the brightest hued ﬁnd

closely couneeted with the evolution
‘of the sense of beauty, which, at
first evoked by things connected with
lpllysioal needs, was developed by
leisurely contemplation of natural
|f0rms, colors, and groupings.

B. Animals.

But other seeds en-

All animals fall into two main
| groups: the structurecless, or ome
celled, called Protozoa; and the
many-celled, called Metozoa.

The several types upon which they
are constructed are usually classed
under the following primary divisions,
called sub-kingdoms :—

|

Protozoa Gr. proles, first:

zoon, animeal)

Ceelenterata (Gr, Roilos, hol-
low ; enleron, howel;

Fchinodermnata (Gr. echinos,
a hedgenog ; derma, skin}

|

Annulosa (Lat.
ring)

annulus, a

Tuvertebrata

cweetest scented flowers, so 1t
with the brightest and juciest frai;
they sooner attmct the visitors whosc
services they need, and thus gain
advantage over less favored members
of their species, developing by the
selective action of their devourers
into the finest and pulpiest kinds.
And, as Grant Allen shows in his
delightful and exhaustive book on
the color sense, the origin and devel-
opment. of this sense in the sub-

*Birds are much influenced in their choice of
food by eolor, for though white currants are much
sweeter fruit than red, yet they seldom touch the
former till they have devoured every bunch of the
latter.~— White’s Selborne, ¢ Obeervatsons on Birds,”

Simplest forms I Ex. Moneron, amceba
I IInllow-bOdiEd
Spiny-bodied

Joint-bodied

18

. Ez. Sponge, polyp, anemons,
I coral-builder

' Fz. Sea-urchin, star-fish

Fz. Worm, crab, spider, ant

| Moltusca (Let. mollis, softi Soft-hodied . Er. Sea-squirt, oyster, rnail,
| (but usually pro- . cuttle-fish
i © tected by a nbielly
1
Vertebrata (Lut.  »cfebre, Back-boned Fx. Fich, and all other higher
joiut) life-forms to man .

Tabular forms are convenient for
clear presentment, but their hard and
’fzmst divisions are apt to be mistaken
for real lines of separation, whercas
the several sub-kingdoms merge one
into the other, lil% the colors of the
rainbow. As further reducing the
number of types, animals may be
divided into three grades: the Pro-
tozoa, which have no body cavity;
the Ceelenterata, which have a body
cavity; and the Ccelomata, including
all animals, from echinoderms to man,
which have a digestive cavity separate
from the body cavity. Any consecu-

* The Color Sensep, 221, T
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tive arranaement. ean only bhroadly
indicate the relative order of the
several life forms, because develop-
ment has not proceeded in direct
bine—e. g. the ant, which belongs to
the Annulosa, is the highest of all
invertebrates; but 1t is not there
fore most nearly aliied to the lowest
vertebrate. The connceting link, as
will be shown presently, is found in
the donblenecked, bottle shaped sen-
squirt, or ascidian (Gr. askidion, a
Iittle bottle), which is classed under
the Mollusca. and for this resson
that sub.-kingdom is placed last but
one in the ascending scale.

mon starting point of all, whence
they travelled for a while along the
same road, and then diverged wider
and wider apart. nntil it now scems
difficult to bclieve that the lowest
and highest, both of plant and ani
mal, are onc in community of origin.

1 Protozoa.

The lowest member of this group
—in other words, the lowest known
animal, if we except certain parasites
—is the wmoneron (Gr, monos, sin
gle). Like the lowest plants, it lives
in water, the element in which life
had beginning. Itis an extremely
minute, shapeless, colorless, slimy
mass, alike all over, and therefore
without any organs. When we say
that it 18 aliko all over wo mean that
our range of vision does not enable
us to report otherwise, for doubtless
the simplest and smallest living thing
is very complex in structure  And
we menn, further, that there is no
differentiation, as it is ealled, i. e. no
formation of specific organs for the
performance of specific functions.
The functions of living things are
three-fold—nutrition, reproduction,
and relation: in other words, to
feed, to muitiply, to respond to the
outer world; and all these the or-
ganless moneron discharges. Every
part of it does everything; it takes
in food and oxygen anywhere, and

If we|
go back far enough we find the com- |
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digests and hreathes all aver its
body. Like the happy peptician of
whom Carlyle tells, it ‘has no sys-
tem.” It literally ‘gets outside’ its
food. having the power of throwing
out blunt finger-like prolongations,
called psendopods or false feet, with
which it propels itself and spreads
over its prey, sucking the soft body
even from shelly creatures, and cast-
ing away the refuse. So far as the
funetion of nutrition, which includes
digestion, circulation, and rejection
of waste, and the function of repro-
duction are concerned, the moneron
performs these as completely as the
highest animals. For these, with
their complex sets of organs—lungs,
heart, stomach, &e.—eannot do more
lthan nourish themselves and keep

e

Fie. 35.—Monera, witbout nucleus.
showing pseudopod.
fission.

the body in health; very often they
cannot, through folly or misfortunc,
do that. And in reproduction, which
the moneron effects by dividing it-
self into two, as do the lowest plants,
wherein, as in, it, there is neither
male nor female, it accomplishes in
simple fashion what the higher life-
forms can do only in a more com-
plex way. So that the difference—
and this only in degree, not in kind
—between a slime-speck of proto-
plasm and the higher organisms is
in the discharge of the functiop of
relation.

Refcrence has been made to the
response to stimulus from external
things manifested by the lowest life-
forms, although there is no trace of
a nervous system in them; and now
that we are treating of a living mass
that not only feeds and digests and

4,
B, process of
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breathes all over, but likewise feecls
all over, a few remarks upon the
function and origin of nerves may
supersede the need for any detaled
account of the several nervous sys-
tems in the representative animnal
types.

The function of the nerves is to
bring the organism into relation with
its surroundings; they are the special
media of communieation between the
body and the external world, and
between the brain and every move.

ment of the parts of the body.

Starting in the higher animals from
the encased brain and ensheathed
spinal cord, and diffused in the lower
aunimals in less complex arrangement,
they report from without to within.
The vibrations of the ethereal med-
inm that affect ne as light enter the
eye and pass along the optic nerve,
which conveys the impulse to the
brain, and it is the brain, not the
eye, that sees. So with the air-
vibrations that travel along the aural
nerves, the sensation of sound re-
gides in the brain, not in the ear; so
with all the manifold sensations that
we feel. The unity of the sensations
is fundamental; the differences lie
in the vibrations. The correlation
of the senses, a8 we may term it, is
shown in the familiar trick of getting
a blindfolded person to tell whether

OF CREATION.

! Now, o ¢very part of an orgunism
1is made up of cells, and as the fune-
tions govern the form of the cells,
the origin of nerves must be due to
-a modification in cell shape and ar-
rangewment, whereby certain tracts or
fibres of communication hetween the
body and its surroundings are origi-
- nated.

' But whatexcited this modification?
.The oll surrounding medinm, witl-
rout which no life had been, which
determined ity forme and limits and
tonches it at every point with its
! throbs and vibrations. In the begin.
inings of a primitive layer or skin
exhibited by creatures a stage ahove
| themoneron, unhkenesses would arise,
iand certain parts would by reason of
‘their finer structure be the more
ireadily stimulated by, and the more
quickly responsive to, the ceaseless
[actiun of the surroundings, the re.
sult being that an extra sensitive.
ness along the lines of least resist-
ance would be set up in those more
delicate parts. These, developing,
hke all things else, by use, would
become more and more the selected
paths of the impulses, leading, as
the molecnlar waves thrilled them,
to structural changes or modification
into nerve-cells and nerve-fibres of
ever-increasing complexity as we
ascend the scale of life. The entire

he is drinking port or sherry, or nervous system with its connection;
whether the pipe he is smoking is|the brain and all the subtile mechan-
alight or not. | ism with which it controls the body ;

Wherever there is sensitivencss to, the organs of sense, with their
impressions, however dim and feeble ] mysterious selective power—the ol-
this may he, there the function of factory organs, probably the earliest
relation is being exercised. This:developed, so acute in man as to
sensitiveness is exhibited by theldetect the presence of the one-three-

moneron in 1its shrinking when
touched, and in its grip of food; but
the sensitiveness is diffused, and not
located in any organs. In members
of the same sub-kingdomn there are
faint traces of approach to nerve-
structure, and the development of
this is manifest in ascending scale,
ill in the highest life-forms among
certain invertebrates, as ants, and
vertebrates, as man, it reaches sub-
tlest complexiiy.

hillionth of a grain of mereaptan
(sulphuretted aleohol), and yet coarse
by comparison with the antennse of
insects; the eve, to receive and
sift vibrations travelling twelve mil-
lion miles in a minute; the ear, with
lits three thousand strings of Corti,
i each vibrating in response to a par-
tienlar sound-wave; the organs of
taste, gnarding the entrance to the
digestive canal and refusing admit-
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tunce to contraband food—alike  within a wall of cellulose. This
begin as sacs formed by infolding of isolation, or lessened susceptibility
the primitive outer skin. In con- ! to the vibrations of air and ether, to
trast to the eyes of invertebrates, :changes of temperature, and a thou-
the sensitive elements of the eyes of | sandfold subtile influences, the ani-
vertebrates are formed from a paired :mal escaped by remaining mobile,
outgrowth of the fore brain. Theiand setting up no barriers between
brain, trillion.celled seat of sensation, :itself and its environment.

arose from the infoldings sinking A short step upward from the
down beneath the surface and finally 1 moneron brings us to the .dmaba,
becoming inbedded in other tissues; so called from its constant change of
the eye and the ear, as their parts;shape as it protrudes and withdraws
developed, were joined from within I the pseudopods. It shows approach
by cutgrowths from the brain. Such, | towards unlikeness in parts in the
in fewest words, is that theory of the | modification of the protoplasm into a
origin of nerves which, formulated membranous skin at the surface, and
by Herbert Spencer, has been con- ! in a nuclens near the centre, with an
firmed by all recent biclogical re- expanding and contracting cavity for
search.* ' distributing food und oxygen in the

Development by cell-modification ' body—a primitive apparatus for

T'ra. 36.—Amawbie (highly magnified).

applies to the body throughout—to| digestion and cirenlation. Therein
bone, to cartilage, and sinew, as well | the beginning of s distribution of
as to the myriads of nerve tissues, | labor, leading to cell-modification in-
varying between the fifteen hun- | to organs, is illustrated. The white
dredth and tho twelve-thousandth | corpuscles in the red blood of man
of an inch in breadth, that keep and other animals are called ‘amce-
ns in touch with the universe. But |boids’ because they are like the
easy as 1t 18 to disseet and de- | amceha in structure, sizc, and move-
serihe the nervous mechanism, the ments, changing their shape, living
nature of the connection alike be-|an independent life, and even taking-
tween nervousimpulse and conscious- ' in food.
ness in a man, and between sensation;  Some of the lowest ameeba secrete,
and contractile action in & moneron, |like the distoms among plants. solid
remaing an insoluble mystery. imatter from the sea, building for
What has been said concerning ! themselves primitive organs of shel-
the diffused sensitiveness of the lower ter and defence in the shape of ex-
apimals adds force and suggestive-! quisitely formed chambered shells
ness to the fact that theplant limited II pierced with holes, through which the
the action of the outer world upon it soft body flows and the pseudopods
when the protoplasm enclosed itrelf . are pushed for capture of food.
€Cf. Baltour's Comp. Embrysiogy, ii. pp. 4w—¢, - Some form their skeletons of lime
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others of flint, evidencing to the
possession of a selective power or
dim sentience by even the minutest
creatures; and, as shown already, it
is of these skeletons that vast depos-
its are composed.

Still more marked advance towards
unlikeness in parts is manifest in the
Infusoria, so called because readily
developed in infusions of exposed
vegetable matter, where they crowd
by myriads in the space of awater-
drop. Instead of the pseudopods
of the moneron and the munwba, we
find vibrating filaments or cilia, by
which supplies are swept into the
body, which is furnished with a rudi-
mentary mouth and short gullet,
through which the food and oxygen
pass to the body-cavity

s i

37.—Three Ciliated Infusoria,

=7

Fia.

2. Crelenteruta.

The ‘hollow-bodied’ animals are
made up of two layers of cells wore
or less modified. But they are still
of low organization, one evidence of
which is that, like the Pratozoa, they
have no vital parts, and that there is
no separate canal for absorbing food
and carrying away refuse, the mouth
still opening direct into the body-
cavity.

The lowest members of this sub-
kingdom are the Sponges. They
were long regarded as colonies of
ameebze, and therefore classed among
Protozoa, but fuller knowledge of
their structure as many-celled organ-
isms, some. of the highest among
which show slight traces of nerves
and sense-organs, has caused them to
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he ranked in a division called Porifera
(Lat. porus, a pore; and fero to
bear). Very lovely are the skeletons
which some of them secrete, such as
Venus's flower-basket, with its grace-
ful fretted spirals; but more familiar
to us are the useful fibrous and porous
domestic sponges, woven of material
said to be chemically allied to that
spun by silkworms. Being rooted to
one spot, the sponge-cells have be-
come specially moditied for ingather-
ing food and oxygen. Only the cells
on the outside of the horny or flinty
gkeleton can procure food and oxygen
eagily; those living in the inside
effect this Ly menns of cilia, the
whip-like action of which drives the
water, charged with food and oxygen,
through the innumerable canals,
whence, having scrved its purpose, it
ig driven out through other canals,
carrying the refuse of the colony
with it. The whole sponge repre-
sents, as has been aptly said, a'kind
of submarine Venice, ‘where the
people are ranged about the streets
and roads in such a manner that each
can easily appropriate his food from
the water as if passes along.’

Cilia algo cover extensive surfaces
of the higher animals. They abound
about the eyes, the ears, the wind-
pipe, and the brain of man; mysteri-
ously moving independently of any
other part, even of the nervous sys-
tem, but fultilling much less impor-
tant functicns than in the bodies of
the Iower animals.

Next in rank above the sponges
are the tiny eup or tube-shaped, jelly-
like, green-hued (hecanse chlorophyll-
containing) polyps named #Hydra col-
onies of which, with their bud-like
clusters of young—soon to start in
life on their own account—are found
clinging mouth downwards to weeds
and rubbish in fresh water. From
the mouth hang a number of ten-
tacles containing cells in which lie
barbed threads coiled up in a poison-
fluid. When anything touches these
tentacles they contract, the cells

Iburst and fling the thread, lasso-like,
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around the prey, poisoniug it with
the fluid. From some of the marine
species which secrete tubes of flint,
and projecs themselves therefrom like
flowers, so that the sea depths are
covered with their waving, plant-like
forms, the buds detach themselves
and become the beautifully tinted
Medusw or jelly-fish. These produee !
eges which become rooted polyps,l
s0 that the offspring never resembles |
its parents, but always its grand-.
parents  All living matter is largely
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sues propel the animal along in
rhythmic grace of motion; a nervous
system runs round the margin of
the bell; there are rudimentary eyes
in bead-like pigment spots, and rudi-
mentary ears in small sacs along the
margin; and the hanging tentacles
are charged, as in its fresh-water
ally, with deadly fluid.

Lovelier still, and of slightly more
complex structure, are the variously
colored Sea anemones, with their
petallike tentacles: while nearly al-
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Fic. 38.—8tructure of Sponge.

A. Vertical section of outer layer magnified 75 times.

p. pores or openings of canalx for conducting

water, which flows to @, sacs; ¢, canal fur expulsion of water - g, early stages of spores.

B. Sac transversely divided (300 diameters), showin

g sponge-particles with cilia.

C. Sponge-particle highly magnitied. /, cilium ; m, collar ; n, nucleus : ¢, contractile vesicle.

made up of water, the average pro
portion ranging from seventy to
ninety per cent., but in the jelly-fish
it is about four hundred to one. Yet,
fragileas is the creature, its structare
is complex. Canals traverse the swim
ming-bell, and carry food and oxy-
gen to every part; rudimentary mus-

cles in the shape of contractile tis-|

lied to these are the colonies of Cor-
al-builders, which, despite the surg-
iing wave and drifting current, raise
their tree-like structures, foundations
of solid land on which the bird builds
ber nest and man sets his dwelling.

3. Echinodermata.

This division includes all rayed
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animals, the skin being hardened by | the limy matter being secreted in
the secretion of jointed or leathery |seattered spicules.

plates, or of spines or hedgehog-like| The echinoderms show marked ad-
prickles. In some, as the stur-fish, | vance towards unlikeness of parts in
the rays spring from a common cen- | having n digestive canal shut off from
tre; in others, as the Sea-wrchin, the bedy-cavity,affording special pro-
they are coiled to form a globular | vision for nutrition. This is effected
body; in the Sea-lillies, wbich'by a number of canals which com-

¥ia. 39.—Hydra.

A. Planula or varliest stage of a hydroid on its cmission from the egg. B. Thread-cell undisturbed ¢.
The same with the filament protruded.

Fri, 40,—Jelly-fish,

abounded as far back as Silurian |municate with the outside of the
times, but which are now rare, they ' body, and through which the sea
spring, flower like, from the end of a water is driven by cilia, as in the
fixed stalk; in the slug-like Seu-cu-1sponges. The water is also pressed
cumbers, which possess the power!from the canals into namerous little
dyspeptics may envy of tln‘owin;;lsuckers, by which the animal crawls
away the inside of the body and along—nature’s first essay in loco-
growing it anew, the skin is tough, | motion on seolid ground. There is a
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distinet nervous systcm, the fibres of 'be noted between the life-furms of
which in the star-fish run along each the invertebrates. The differences
ray, at the tip of which is an eye|between the secretions of liny mat-
baving about two hundred crystal ter by the amcba and by the sea-

Fig. 41.—Vertical Section of Common Sea-anemone.

m, mouth ; »’, primary cavity : m”, secondary cavity ; e, ectoderm or outer skin; ¢, endoderm orinner
skin; (, tentacle ; ', ovary; d, disc of attachment ; ¢, body-cavity.

Fre.

The left side of the figure shows the coral denuded of soft parts: on the right the animal matter is
shown, while at the upper part several of the polyps are seen projecting.

F16. 43.—a, Sea-cucumber: 5 and ¢, young stages of the same.

lenses, and a primitive eyelid in the ) urchin, between the contractile action
form of a filmy covering. of the moneron in cvery part and the
Thus far an intimate relation may |localization of nerve-function in the



58 THE STORY OF CREATION.

medusa and the star-fish, between; counts for the development of the
the vacuole of the amwba and the: higher organs of communication near
digestive canal of the sea-cucumber, lit; the anterior or front segments
are differences of degree and not of , most completely undergo concretion,
kind. They are one and all due to'and in this way the portion that car-
cell modification arising out of ad-lries the mouth, the chief nervous
vance from the like to the unlike, centre or brain, and the sensory or-
from the simple and general to the|gans, as eyes, ears, antenms, is
complex and special, from the organ- | formed. Hence the position of the
less to the organised; and any addi- head or skull, as the proteeting
tion to the bare details givenr ubuve  struceture round the more specialized
would only bring the more promi-|parts, is ruled by the position of the
nently into relief the fact of an indis- | mouth. The heart, which is tube-

soluble, underlying mmiry. shaped, lies along tho back, and the
digestive canal lies between the heart
4. Annulosa. and the nervous system. This ar-

rangement, distingunishes both earth.
The common structural feature|worms, and wasps, leeches and
which gives its name to the nmmerous ' erabs. centipedes and beetles, lob-

\
B
TF1a. 44.—Diagram of Annaluse Animal.
A. g, digewiive canal; b, heart; ¢, nervous svetem.

B. XNervous system enlarged, showing double cord and ganglia.

classes of animals, comprising four-|sters and ants—in fine, all but the
fifths of existing species, grouped in ' very lowest classes. But the advance
this sub-kingdom, is the division of |in complexity of structure—in other
the body (which is developed fromjwords, in division of labor—is espe-
from three layers of cells) into more {cially shown in the more elaborate
or less well-defined rings or seg-|arrangements for the conveyance
ments. It is also, like the body of lof nutrition throughout the body
vertebrates, bilaterally symmetrieal, 1as compared with that exhibited in
i.e.double and carrespondent, so thatjthe lower sub-kingdoms: e. g. in the
if it were split lengthways the|moneron food and oxygen enter at
two halves would be seen to be al- any and every part; in the amwba
most exactly alike. The nervous they arve driven thronghout the hody
system, which runs along the belly, !by means of a pulsating vacuole; in’
consists of two fine cords, knotted |the polpp they are brought by the
at different points into ganglia or’water which flushes it within and
masses of nerve-cells, the first pairll)athes it without; in the sea-urchin
of ganglia heing above the gullet, so:and the star-fish the nutriwent is
that the cords which join the second|carried by canals in their bodies
pair form a collar round it.  The im-; which communicate direct with the
portant part which the mouth plays)water. In the higher Annulosa the
ag the immediate channel between oxygen and food are circulated by a
the animal and its surroundings ac- more highly organized fluid called
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blood, which carries them to every
part, and likewise removes the waste
and effete matter, the immediate
motor power by which the blood is
driven through the body being the
heart. The aération of the blood—
in other words, the supply of oxygen
and the removal of carbonic acid—
is effected by its passage through
the respiratory organs. Only the:
back-boned ammals breathe through
the nostrils, the lower animals breath- .
ing through pores or sacs in their
sides, which subdivide into countless
tubes.

The Annulosa may be divided into
the footless, comprising worms and
leeches; and the footed, comprising
crabs and other crustacea, spiders,
scorpions, centipedes, and all insects.
The jointed organs of locomotion
known as limbs, and which have

F1e. 45.—8eetion of Second Segment of

Worm.
a, outer or skin layer; b, dermal connective layer;
¢, muscle plates: d, segmental orgun ; k, arterial

tlood ; ¢, venous blood ; ». inteatine ; n, ovary.

been developed from musele-fibres,
are arranged in pairs.
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they have jaws and teeth, often a
hard skeleton ; the females have one
and sometimes two stomachs, but the
poor male has none. They can re-
main for years in a state of suspend-
ed animation.*

The typical form—head, thorax or
chest, and abdomen or belly—of the
numerous varieties of the widely
diffused Crustacea, or hard-shelled
class, whose three lobe ancestors,
the trilobites, flourished in the seas
of the Cambrian and later periods,
is the same, with infinite modifica-

tions in detail, as that of the re-

Awmong the lowest members of the

Annulosa, with which the higher ani- |
mals are more or less connected in

Vermes, or worms;,

descent, are
these including a number of degrad-
¢d forms which live as parasites in-
side the bodies of nearly all animals,

F1a. 46.—Common Rotifer.

a, mouth ; b, eye-spots: d, chewing organ; f, ali-
mentary canal ; k, developing embryos ; {, anus.

maining classes, from spiders to

beetles and ants. But in Znsects
these three divisions are sharply

man having his full sharo of them. . mgrieq, the chest to which the legs
Midway between worms and crust- 49 wings are attached, and the belly,
aceans may be placed the minute|poing gometimes joined by a mere

Rotifers, so called becanse of the {]yead, whence the name given to
ceaseless whecllike movements of | {hat clags, Tnsecta, ‘cut into.’

the cilia round the month. Thqsev Some authorities regard insects
degenerate specks, many of which and crustacea as derived from a re-
are visible to the naked eye, 8re|, ote common ancestor. Whether

hlghll-Y Orgagzﬁd' '_ll‘hey i}l:l‘;e a ‘ller: © | this be so or not, the aquatie origin of
ganguon which Sends ou reads to *(f, Hudson and Gosse's magnificent monograph,

the ruby eye or eyes and antennee:| mie rotifira. pp. 9, 199,
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insects is cerlain. Their wings have | pass through well-marked series of
been developed from organs which{changes, but these take place with-
were adapted for breathing inthe|in the egg, the food-store of
air as the necessity arose, and they|which suffices for their development.
ultimately became organs of flight|Through lack of this supply most in-
when the creature left the water for|sects quit the egg in an immature

oA
F1a. 47.—Generalized Insect (Grasshopper).

a, head : b, eye; ¢, antenna: d, thorax: e, foremost pair of legs : £, middle segment of thorax; g, fore-

most pair of wings; A, secoud pair of legs: 7, hindmost segment of thorax ; j. second pair of wings; %,

fermur of third pair of legs; I, tibia (corresponding to shin-bone); m, tarsus (tat part of foot); ab,
abdomon.

F1o. 48.—Nervous System of Beetle, showing double nerve-cord and chain of ganglia.

the land. Here as in aught else, the ! condition. passing through the meta-
process was gradual, only such as|morphoses of grub, chrysalis and
were able to exist for a time ount of jimago. Like the rotifers, they re-
the water winning in the struggle for |huke the vulgar notion that bigness
life. is greatness, and that wonder 1s to

The larger number of animals'be proportioned by the size of the
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thing which arouses it. For the in !scets, and the variety of functions
finitely small is as fully charged with imany of these quasi-human, which
mystery as the infinitely great; the'!they discharge; in the dexterity of
movements of forces and energies in | their actions, and the manifest adap-

both cell and crystal are more com-|tations

plex than the motions of the giant
bodies of the heavens; the ultimate
analysis of the atom is more elusive
than that of the mass which it makes
up.
pIn the beauty and delicacy of in-
sect structure—notably in the wings,

of means to ends; in the
social order of certain species, no-
tably the ant commonwealth, withits
division of labor, its slave and fight-
ing population, its farmers and
miners,* its nurseries for pets and
wonklings, its burial custows, ity
political and industrial order, which

has not, like ours, to readjust itself

st

Fre. 49.—S8ection of Eys of Insect.

F1a. 60.—Anatomy of Bivalve Mollusc.

a, anns ; b, abductor muscle; ¢ heart: d, nerve ganglia: ¢, adductor muscle; f, mouth; g, stomach
h, gills ; 7, intestine surrounded by liver. The tubes 1uarked by arrows are the canals of the siphon.
The water enters by the lower and leaves by the upper tube.

birds; in the infinite division of or-'by peaceful or bloody revolutions to
gang; the spider, with its six hun~|changing conditions—we have strik-
dred teats, spinning its web of as ing evidence of the interrclation of
many strands;* the dragonfly, withall living things and of the unreality
its twelve-thousand eyes, each with & of the distinctions which man has set
its own lens, cone, and rod; the |up between instinet and reason:in
caterpillar, with its fifteen hundred!fine, evidence of fundamental corre-
air-tubes—we learn that inaguitude|spondence between the nervons sys-
is not necessary to complexity. In'tems of the lowest and the highest.
the high nervous organization of in-| Complexity, not size:; mental, not

: physical power, mark advance in the
and it is in the speciali-

| *Cf, Bates's Amazons, on foraging ants,

* At the Melbourne Observatory a breed of spi- . org:xrlism :
ders is kept the strands of whose web are used for
micrometers.
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zation of the nervons system, and in
the proportion of its controlling cen-
tre, the brain, to the rest of the
structure, that the mechanical ex-
planation of intelligence lies. * Dar-
win remarks that the brain of an ant,
which is proportionally larger than
that of any othor insect, although it-
self not so large as the quarter of o

small pin's head, ‘is one of tho most
marvellous atoms of matter in the
world, perhaps more so than the
brain of a man.’t

#In the rockchafer the proportion of brain to
hody i3 1 10 3,500 ; in the worker bee, 1 ta 174; in
the whale, 1 to 3,000: inthe chimpanzee, 1 to 50
But, as evidenced by the large brain of the por-
poire and the dolphin, the convolutions, more
than the volumao of brain, are the measure of cu-
pacity.

1 Descent of Man.
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There is much force in the argu-
ment that the long period of infancy,
with its comsequent dependence on
parcntal love and care, through
which man, and in lesser degree the
highest apes and other animals,
pass. has tended to develop the
feeling of sympathy and of its ex-
pression in service of the helpless by

Fie. 51.—Cutile-fish.

¢, arms bearinyg the suckers ; d, tentacle-like arms; «, mantle ; b, lateral fins; ¢, eyes,

which the family is knit together,
and out of which has grown the
gocial instinet which forms tribes and
nations. Nor dues the argument
stop here. The longer the baby
stage, the more intelligent is the an-
imal; for where there is a complex
nervous system its specialization
goes on after birth; whereas in the
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case of an animal with low capacities |
all the nervous connections are
formed before birth, so that it begins
life in lusty independence, fully
equipped for work, and theretme
with no tis to bind it t
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life; but all are alike soft-bodied.

:lacking the segmented or jointed

structure which distinguishes the
Annulosa. Some, as the sea and
land slugs, are naked, although fur-
with a delicate shell when

while its isolated life is fatal to men- young, others have a leathery or
tal development. |gristly covering ; the rest, the shell-

Now the ant, with other communal i fish proper, are protected by single
insects, as bees and wasps, has to:or double valves, which in their spi-
pass through a relatively long grub- ! ral forms and fadeless coloring some-
hood, and in this we may have the|times surpass the loveliest flowers, or
explanation of its high soecial organ- | which, as in the pearl oyster, yicld
ization, which has had measureless|the lustrous substance which, ac-
time for its development, since the:cording to ancient fable, 18 formed
remaing of Hymenoptera are found of rain drops falling into the open
as far back as the Jurassic age. And, valve, where some mysterious agency
if the argument has any foree in the | transmuted them. The power of
ease of man, the evolutionist is @ secreting matter from the sur-
bound to apply it to the ant, with :rounding water for the construction
the ninportant difference that the.of their shells is one of the most

limits of the ant’s development were of the
reached long ago, the capacity to
change varyving inversely with the
persistence of inherited qualities.

But in the highest members of;

'persistent characteristics

Mollusca, the shells (which are not
cast periodically, as with the crust-
acea) being formed along the sur-
face of the thick flexible skin called

the Annulosa we arrive at the ex-|the ‘mantle,’ the crumpled line of
tremity of one branch of the life-tree, , which determines their shape. They
and we must descend to reach thelrange in size from tune enormous
starting-point which leads us to the!Tridacna of tropieal seas, which

loftier branch whose topmost twig
is man.

5 Mollusca.

This sub-kingdom, the importance
of whose fossil remains has been in-
dicated, includes & wide range of or-

g&mmns, any common deﬁmtmn of
which is difficult. Many of them ap-:
pear. like the fallen angels, not to.
have ‘kept their first estate’—as, e.g., |
the lowest class, which resembles.
polyps. and was formerly erroneons- |
lv grouped with them. In the larger
number of molluses symmetry of
form is more the exception than the
rule, and in one class we lLave the
nearest known ally of the vertebrates.

Some Mollusea have neither heads:
nor hearts, or ut least quite imperfect
ones ; others have heads and cham-
bered hearts ; some grow together in |
colonies, others live an independent

sometimes weighs five hundred
pounds, to the minute species of our
coasts, thousands of which scarcely
exceed an ounce in weight. One
species, the Ulio borealis, about an
inch Jong, which is so abundant as to
color the surface of the Arctic seas
for leagues, has no less than 360,000
suckera for capture of its prey at-
tached to the wing-like organs which
spring from its head.

The lowest mollnscs are the plant-
like, fixed Sea-meats and Sea-mosses ;
| the highest are represented by the
Briareus-ike Cwutile-fish, from the
common species of our seas to the
octopus, with its rudimentary inter-
nal skeleton and its chameleon-like
power to change its color; and by
the pearly Nautilus, the sole survivor
of an ancient family that swarmed in
the waters of the Jurassic and Cre-
taceous periods. Between these

range the more familiar shellfish,
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notably the oyster., which, in com-
mon with all bivalves, is headless;
and the periwinkle, whose land con-
gener is the air-breathing snail.

But, as already hinted, the interest
of the evolutionist in this sub-king-
dom centres in the transparent bag-
shaped Sea-squirts, or Ascidians,

THE STORY OF

which, although ecalled under Tun:

cata (Lat. twunieq, a ecloak), are en-ithe

titled ta a distinetive place.

CREATION.

alits and cilia, and leading through
the gullet to the digestive organs—
stomach and intestine—which are
connected by a sharp bend with the
vent, whence the inhaled water, after
giving up its oxygen to the
blood, is expelled. The heart 4 tube-
shaped organ, is placed at the lower
end of the body-cavity, which fills
space around the intestine.

Most The circulabion forms a remarkable

of the species are immobile, attach-!exception to that of every other

Fro. 52, —Pearly Nautilus, cut open.

a. shell partitions; b, aiv chambers: r tibe between them: . muarles attached to shell; e hollow
arms; f, tentacles : g, mewmbranous disk at hend : 4, eyes.

ing themselves to rocks, shells, nndi

other objects, sometimes growing
scparately, and sometimes in colonics
on & common stem.* Of the two

known animal, the current being re-
versed after the heart hag heat o cer.
tain number of times. The nervous
system, consisting of a single gang-

openings in their gristly covering,|lion, lies between the mouth and

which 1s largely made up of cellulose,
a characteristic elementin plants one;
is the mouth and the other the vent.
The mouth opens into a breathing

vent. The position of this ganglion
grives a valnable clue to the connee-
tion between the ascidians and the
vertebrates, but still more important

sae, fronished with numerous gill- evidence as to this is supplied in the
% There'is a very fine coileetion of ascidiansin | early stages of the ascidian's devel-

the Agnarinm at Naples. which no traveller to: y 3 1
that by Mhould wit b s, !opmcntv. In certain species the egg
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gives rise to a larva rosembling the
tadpole of a frog, both outwardly
and inwardly—a resemblance ‘reach-
ing absolute indentity when we eox-
amine the way in which the various
organs arise from the primitive egg-
cell, the only important difference
being that the aseidian has but one
eye. In connection with this Mr, W.
B. Spencer's important discovery of
a small eye in the back of the head
of the Hatteria lizard in New Zea-
land, the representative of reptiles
whose fossils occur in the Triag, may
be noted. The larve of the ascidian

Fic.

ganglion

Fio. 53—S8ea-squirt.

a, mmouth ; b, vent,

and of the frog alike poussess four
structures which are common to
every back-boned animal at some
stage of its development, and the
possession of which is explicable only
on the theory of the descent of sea-
squirts and vertebrates from a com-
mon ancestor. These four struc.
tures are—(1) the throat with its
gill-slits ; (2) the primitive back-bone
—a gristly rod called the notochord
developed from the alimentary canal,
and which is found in no inverti-
brates except the ascidians; (3) the
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brain and spinal cord; and (4) the
eye, which is inside the brain. In all
invertebrates which have eyes the re-
tina or sensitive part is developed
tfrom the outer skin, and its out-
growth from the brain in vertebrates
18 ingeniously accounted for by Pro-
fessor Ray Lankester* on the theory
. that the original vertebrate was a
transparent animal, through every
part of whose clesr skin the light
passed and acted on the tissues of the
inlying brain. But as the skin be-
came tangher and denger, and fune-
tions consequently more localized,

54.—Diagram of Structure of
Sea-squirt.
a, mouth; b, vent: ¢, gullet-opening: d.nerve-

;e stomach, 7, test or outer layer; g,

tunic or inner layer ; &, branchial sac.

the eye-bearing part of the brain had
to grow outwards till skin-vesicle and
brain-vesicle met, and the eye was
formed at the surface.

Similar as are the larve of the tad-
pole and the sea-squirt, they diverge
at later stages. While the one ad-
vanees from the fish-like form to the
amphibian, exchanging gills and tail
for lungs and limbs, and, in fine, epit-
omizing in its development the series
of forms through which its ancestors

*Cf. Degeneration pp. 47—49, Nature Series (Mac-

millan).
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passed, the other fixes itsclf by suck-
ers to stone or plant. Tail, noto-
chord, nerve-cord, and eye disappear,
the brain remains small, the throat
enlarges, the gillslits increase in
number, the skin becomes hard and
leathery, and the eyeless, footless
thing sinks, as its manufacture of
cellulose markedly shows, well-nigh
to the plant level, its vegetating mode
of nutrition scaling its degoncration.

The tailless amphibian frog and itg
allies are, however, not among the
earliest vertebrates, which were whol-
ly aquatic: and the more complete
evidence of the near relationship of
the sea-squirt to them must be
sought in comparison between it and
the lowest known quasi-vertebrate, a
small degenerate fish called the

lanecclet or amphioxus.
6. Vertebrata,

‘We now reach the last and highest
of the divisions of animal life, the
sab-kingdom of the back-boned,
which includes man.

Professor Cope says that ¢the
simplest expressions which shall cover
all organs are the solid segment, the
hollow sac and tube.”* The back-
boned animalg witness to this; they
have fundamentally the same organs
and parts as earthworms, passing
through the same grades of strue-
ture. But while all invertebrates,
exeept the lowest, consist of a sin-
gle tube or cavity containing the
nervous and vascular systems in com-
mon, and have an owtstde skeleton
which is simply a hardening of-the
skin, vertebrates consist of two tubes
or cavities, the smaller of which en-
closes the central parts of the ner-
vous system, or the brain and spi-
nal cord, and the other the vascular
system, or the organs of digestion
and circulation, and have an inside
skeleton, The most important part
of this is the spine or back-bone
which separates the tubes, and is
made up of a number of jointed

* Origin of the Fittest, p. 155.
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bones or vertabree, united by ro-
mains of the eartilaginous notochord,
which give flexible action to the
whole column. The advantage of
this combined strength and ease of
movement is seen in fishes as they
dart through the water, in the glid-
ing of the snake, the leap of the an-
telope, and the spring of the lion;
while, as compared with animals
which are cither naked, or covered
by a rigid horny skeleton, cumber-
some as the armor of our ancestors,
vertebrates have an enormous superi-
ority in their internal framework of
living bone, which adapts itself to,
as well as nourishes and protects,
the softer parts. Vertebrates, like
the Annulosa, are bilaterally symmet-
rical, and are composed of segments
placcd one bohind tho other; but the
lines of junetion have become hidden
by overlying muscles or effaced by
structural modification—as, e. g..in
the formation of the skull, which is
composed of nine or more coalesced
segments. The threefold division of
the body into head, chest, and belly,
characteristic of crustacea and in-
sects, 1s, however, more obvious.
The limbs never exceed four in num-
ber, and are in pairs, whether as fins
of fish (not reckoning the unpaired
fins as limbs), wings and legs of
birds and bats, fore and hind legs of
quadrupeds, or arms and legs of
man; all being modifications of one
type, as 1n the prolonged bones of
the bat's wing, which correspond to
our fingers.

Such, in crude outline, are the
principal features of the highest ani-
mals, but no general description can
cover the infinite variety of vertebral
forms. The sturgeon and the shark
have a gristly spine; the frog has no
ribs; the tortoise is encased in a
shield composed of the hardened skin
of ity back and belly; and even in
the marked division of vertebrates
into cold-blocded, embracing fish and
reptiles, and warm-blooded embracing
birds and mammals, exceptions oceur
in warm-blooded fish, as the tunny
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and the bonito. But no differences
in detail can obscure the fact that
vertebrates are all modifications of
a common type. the variations in
structure being due to differences of
function determined by unlike modes
of life. Moreover, details obsecure
relations: and since it is with the re-
lation of all life-forms that we are
chiefly concerned, we may pass to
further evidence of connection be-
tween the highest invertebrate and
the lowest animal of vertebrate char-
acter This, as stated above, is fur-
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pelled at the vent. There heing no
muscular heart, the blood is circulat-
ed by contractions of the vessels.
Now this boneless creature is
classed among back-boned animals
because it has the primitive gristly
notochord from which the spine is
developed in all true vertebrates.
Above this rod lies the nervous sys-
tem, composed of a single cord,
which bulges slightly as a primitive
brain near the mouth. The short

notochord and single nerve-ganglion

of the ascidiun correspond, as far as.

<3

e'— ,

Fia. 56.—Lancelet,

a, mouth: b, ¢, heart; d, liver; g, respiratory organs: 4 p, digestive canal; [, notochord ; m, spina}
marrow : o, tail fin.

nished by the lancelet (so called from | they go, to like organs in the lance-

ils lance-like shape), or dmpliowus

both ends being nearly alike).
mouth of this headless, ome-eyed,
semi-transparent animal has cilia for:
driving in the food carrying water,,
and opens through the breathing"
slits into a wide gullet, in which the,
water, after giving up its oxygen to:
the colorless blood, enters and is ex--

(Gr. amphi, both: and oxus, sharp,!

The

let: and if they were lengihened, so
as to run along the whole of the back
of the asecidian, the positions in the
two animals would be found to agree
exactly. This certainly points to
their common descent.

Fishes, as the least specialized ver-
tebrates, although by no means so
stupid as is commonly thought, are
placed in the lowest class, many
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species, as sharks, rays, and stur-
geons representing in their gristly
back-bones, uneven tails, and spiny
or plated skins, the armored ga-
noids which mark the gradations be-
tween cartilage and bone in struc-
ture. But the vaster number of
fishes, perhaps embracing greater
variety of form than any other class
of vertebrates, are teleost, or bony-
skeletoned, not breathing as the
worm-like lampreys, hags (in which|
gristly arches for enclosing the:
nerves appear on the notochord), .
sharks, and their ‘allies—through
holes or sglits in the neck, but:
through gills. !
Just as wo had to retrace our steps
in search of a link between verte-
brates and invertebrates, 8o we must
gain go back a step or two to find
theintermediate formsbetween aquat-
ics and amphibians. These forms,
the evolution of which is probably
due to their occasional exposure to
the atmosphere, developing in them
different organs of breathing, are
represented by certain fishes called
Dipnoi, or *double-breathers, be-
cause, while they have gills for tuk-
ing up the oxygen from the water,
they ean also breathe on land by
means of the air-bladder or sound,
which thus discharges the functions
of a lung, Such are the mud fish of
the Amazons, and the jeevine of Aus-
tralia, both of which show tendency
towards modification of the paired!
fins into limbs,* those of the mud-
fish being thong-like, and those of
the jeevine being jointed, for loco
motion on land. Other fish, as eels
and the climbing pereh of India, can
also leave the water, their breathing !
being effected by modification of the
gills. |
Here, then, we find another inter-
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tory. The gill-breathing, limbless,
tailed plant-eating, aquatic tadpole
develops into the lung-breathing,
four-legged, wek-footed, tailless, ani-
mal-eating, amphibian frog, unable,
save when torpid, to live in water
without coming to the surface for air.
Some amphibians possess both lungs
and gills throughcut life, but all the

Fia, 87.—Mud-fish.

higher vertebrates, whether they live

medinte step between land-dwellers in water or not, breathe through

and water-dwellers, the most perfeet ' lnngs, which arise, like the air-blad-

and familiar example of which is sup-  der of fishes, as sac-like out-growths
plied by the common frog's life-his- of the primitive gullet.

| Reptiles, which include forms as

# Cf. Professor Ray Lankester’s preface to Gegen- | Jiverse as the nimble lizard, the Slllg-

baur's € . Anab , . X1, *On the Grigin of . . )
ﬁ‘;ll:lllrb;.’ omg. Anatomy, p. X1 Tigin o |glsh CIOCOdlle, and the limbless
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snakes, are for the most part the rel-
atively insignificant descendants of
the monsters of the land, air, and
water, that flourished in the Age of
Reptiles amidst the dense vegetation
of a swampy world, until conditions
fatal to them, and favorable to the
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these and kindred structures, as
hairs, claws, nails, and hoofs, are all
outgrowths of the skin. Even teeth,
the variety of form and arrangement
of which render them of great value
in determining the habits and gen-
eral structure of the animal to which

development of more plastic life- | they belonged, are secreted from the

forms, supervened. |

Birds, at the head of which our
hest suthorities place thie crow fam- \
ily, possess a number of special chay-|
acters, chiefly connected with the
power of flight, from the path of
which Roman angurs. drew their
omens of good or evil, ag do the
Papuans of to-day. Their exact se-
quence in the development of verte- i
brates is unknown, but their descent .
from reptiles is certain. Not, as|
might be thought, from the ﬁyingi
species, for these were featherless,
and more like bats than birds in the
membraneous wings which stretehed
from limb to body, but from species
that walked upon the land. But,
although structural likenesses be-
tween birds and reptiles survive to
attest this former close relation—as
¢ ., the union of the skull to the
spine hy a single joint, insteawd of
by two joints, as in most amphibians
and in all mammals, and the union
of the skull to the jaw by the quad-
rate bone, which enables the jaws to
be opened very widely—manifold
causes, working throngh long peri-
ods, have brought about marked

differences of external and internal |
structure. Notable among these is
the modification of the three-cham. !
bered heart of nearly all reptiles into '
the four-chambered heart of birds
and mammals, by which tho fresh,
and used-up blood are kept separate,
and the higher temperature of the.
body is maintained. The scales of

cle: ¢ cells or the future hair

skin. It has been shown already

that the nervous system and scuse-
organs are also formed from the
skin; nor should the variety of fune-
tion which it discharges, and there-

o

Fi1c. b8.--Growth of Hair.

A. Hair-rudiment frnma an embryo of six weeks.
«, horny laver of cuticle: 6. mneous layer of cuti
, d, basement mem-
brane,

3 Hair-rudiment with the young bair formed, but

not yet risen through the cuticle.

¢ Hair protruded.

fore the variety of structure into

the one, and the feathers or downyiwhich it is modified, surprise us
covering of the other, are alike modi- | when we reflect how continuous has
fications of the outer skin; for al |been the action of the medium with
though the intermediate stages be- which it is in immediate contact
tween the plumage of birds and the lupon the external surface of all or-
borny plates of reptiles are missing gunisis, so that the slight film or
in foestl remains, it is certain that integument of the lowest has de.
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veloped into the ecomplex
which enclose the highest.
Space prevents more than bare
reference to the varied and helpful
material furnished to the evolution-
ist by birds, and to the significant
evidence of their development as
compared with their reptilian ances-
tors in larger proportion of brain to
body, with the intelligence which
this connotes. A remarkable proof
of this may be seen in the wide
range and method of their migra-
tions, mmvolving powers of vision and

layers
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It is interesting tonote that in the
oldest known picture in the world, a
fresco in the Boolak museum at Cairo
taken from a tomb dating about 3,000
B. C,, three species of geese are de-
picted, two of which are so well
drawn as to be readily identified.

The lowest nembers of the diver-
sified group of Mammals or milk-
givers resemble birds in  heing
toothless, and in having a common
sacinto which the intestines and other
organs open, for which reason they
are called Monotremes, or one-vented.

Fra. 59. —Duckbill,

memory exceeding that possessed by | These quasi-mammals are represented
man. On this instinet, about which by the ornithorhynchus,* or duckbill,
we know very little, but which pro- |a” beaver like creature with a horny
bably had its origin in the search!bill, the feet being furnished with
atter food, Darwin remarks, ‘How a|both webs and claws; and by the
small and tender bird eoming from  echidna, or spiny ant-eater, which re-
Africa or Spain, after traversing the|scmbles a large hedgehog, being
sea, finds the very same hedgerow snouted and covered with prickles.
in the middle of England, where it| ~u)mornynehus paradorus. the cider naturalists
made its mnest last season, 18 truly | pamed 1t, for when they werve assured that the

i creature was not a fraud of the stuffer, they
marvellons. : thought 1t must pe a freak ot nature
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Each is found in Australia, that land
of primitive forms, and recent dis
coveries invest them with the great-
est importance as links in the chain
of mammalian descent. For they
both lay eggs like reptiles and birds,
the duckbill laying two at a time,
which she deposits in her under-
ground nest, and the echidna laying
one, which is probably hatched in her
pouch. And the eggs further corre-
spond with those of birds and rep-
tiles in containing not only the pro-
toplasm from which the embryo is
formed, but also the food-yolk on
which it is nourished until hatched.
when it lives on the milk which the
mother pumps from her teatless
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lation of reptiles and mammals is
proven beyond question.

The next stage in mammalian de-
velopement is marked by the Mar-
suptals, or pouched milk-givers, as
kangaroos and opossums, the young
of which areborn in an imperfect con-
dition, and nourished and keptin the
mother's pouch till they can run
alone. Their fossil remuins evidence
a wide range in Triassic times, and
the Post-Pliocene beds of Australia
vield bones of marsupials as large
n8 elephants ; hnt their hahitats are
now limited to that island continent,
and to lands similarly long isolated.

In all other animals the young are
born fully formed, being attached

glands until it can shift for itself.|during the time of their develop-
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F1c. 60.—Spiny Ant-eater.

m, marsupial bones.

Now an animal that unites in itself
these reptilian and mammalian fea-
tures is to be classed among the inter-
esting snomalous and intermediate
forms which Darwin has happily!
termed “‘living fossils’ Whether
monotremes are descended in direet

line from reptiles, with the internal!

structure of which they have much
in common, and mammals from
monotremes, or whether there was
an ancestral form or rootstock from
which ‘both reptile and mammal
branched oft, so that mammals are as
old as reptiles and older than birds,
is not, clear, although the rocks may
one day reveal it. But the interre-

ment within the mother to a strue-
ture called the placenta, through
which they are nourished by her,
iwhenece the general term placontal
| mammals, of which the insect feeders
appear to be the primitive type.
Starting thus more or less fully
equipped in the struggle for life, the
chances in their favor were incompar-
tably greater than those of animals
which are precariously hatched or
born in an imperfect state; hence,
among other causes, the dominance
of the placentals, and their devel.
opement into the highest organisms
yet reached. They are usually divi-
ded into the following classes, which
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indieate structural characters com-|even our species, is possible, for the
mon to the animals included under |succession of forms is not as that of
each, and not the exact relative place | steps of a ladder, but as of a many
of the class in the sub-kingdom. No |branched tree.

linear arrangement of classes, nor :

1. ToOTHLESS . . . . Bloths; ant-eaters; armadillos, These show affinities linking them
(Edentala) nearer to-monotremes than to marsupials.
2. SIRENs . . Dugongs and manatees, or sea-cows ; fish-like in form, the fore limbs

{Strenia) So ca,lfed f.rom'their modified into paddles, the hind limbs absent; but these are flesh-
fancied resemblance to mer- feeders.
maids orsirens.

8. WHALE-LIKE . . . ‘Whales ; dolphins; porpoises; also adaption of structure to aquatic
{Cetacea) : life.

4. HonwED . - . . . Very nnmerons and valuable ordor. Divided into the odd-foed—ae¢ tho
(Ungulata) horse, the tapir, amd his near relation the rhinoceros, and the even-

{oed—as swine, and their near relation the hippopotamus; ecamel;
deer ; sheep : ox: all these are plant-feeders.
5. HYrRAX, or ROCK-RABBIT « Represented by a small animal, the coney of the Bible, The shape of

(Hyracoidea) the teeth points tc affinities with hoofed animals on the one hand
. and gnawing animals on the other

6. TRUNEED « « « , Represented only by the elephant, the longest-lived and most acute of
(Proboscidea) plant-feeders.

7. FLESH-FEEDERS . . . Seals, bears; weasels; wolves and other members of the dog family ;
(Carnivora) lions and other members of the cat family.

8, GNAWERS . . . . « Hare, rat, Lbeaver; syuirrel, A very widespread class,
(Rodentia)

9. INSECT-FEEDERS . . Mole; hedgehog; shrew.
(Insectivora)

10, FINGER-WINGED o , o Bat, highly organized, closely allied to insect-feeders.
(Cheiroptera)

11. LEMURS . « + ¢ o Thelemursare sometimes grouped with monkeys in the order of the
(Lemuroidea) four-handed,' a division falling intc disuse; but they have marked

aflinities with marsupials, gnawers, and insect-feeders. The ‘flying
lemur,” or colugo, a squirrel-like creature with webbed hands, ap-
pears to be an interesting link between insect-feeders and Primates.

12. PRIMATES . . . « Monkeys:; baboons; man-like apes (gibbon, orang-outang, chimpan-
zee, gorilla, big-jawed, small-brained, stooping posture; MaN, big-
brained, erect posture—divided into races according to shape of
skull, color of skin, nature of hair.

Fic. 61.—Skeletons of Man and Apes.

Gibon. Orang. Chimpanzee. Gorilla. Man.
Reduced from diagrams of the natural size (except that of the gibbon, which was twice
as large as nature).
(From Prof. Huxley’s Man's Place in Nature, Frontispiece.)

In the foregoing survey of past|cies in the production of unlikeness,
and present life history no break in | both seen and unseen, has resulted in
the continuity of life, or in its fun-|ever increasing complexity of forms.
damental unity, is found. In theun-| But, strive as we may not to ove.lay
stableness of the first living matter | with detail, it is not easy to keep
lay the tendency to that variation|clearand constant before the mind the
which, acted upon by manifold agen- |relationship between all life that is
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FPrimitive
Man .

(" Woolly-haired
(Nearly all long-
headed)

Straight-haired
(Nearly all
broad - headed ;
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Fic. 62—Diagram of Development.

The ascent of the higher lifa-forms from the lower iy more lateral than the lines indieate but the diagram is only a
rongh attenpl to show therelative places of the leading gronps,
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and that has been, as well as the
identity of that life with, and its de-
pendence upon, the not living. Per-
haps this interrelation may be made
more apparent in the exposition of
the theory of evolution which is now
to follow thedeseription of the things
evolved.

i

PART IT—FXPLANATORY.
CHAPTER VI.

THE UNIVERSE: MODE OF ITS BECOMING ‘'
AXD GROWTH.

It muss be so, for miracles are ceased :
And therefore we must needs admit the means .
How things are perfected.

Archbishop of Canterbury, Henry V.,

act. 1, 8¢, 1,
The gases gather to the solid firmament: the
<hemic lumyp arriver at the plant acd grows:

arrives at the (uadruped and walks; arrives at
the man and thinks.
—EMERSOX.

In the firet chapter o suramary
account was given of the materials
which make up the universe. These
were comprised under the terms
Matter and Power, as convenient
names for an obscrved order of facts
of whose ultimate nature we know
nothing. Power is that which acts
upon matter in the production or
destruction, the increase or decrease,
of motion; and, us explained already,
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real medium which, it is assumed, fills
the spaces between bodies and be-
tween the particles of bodies. In
this diverse way each is ceaselessly
acting, Force aggregating the parti-
cles round various centres, Energy
separating them and passing into
space, only fractions of it striking
intervening bodies, as, ¢.g., in the
interception of the sun’s radiant
energy by the planets. And the
certain result, however immeasurably
distant, is that all the Energy of the
universe will bo dissipated, and that
all the matter of the universe will
become cold. solid, and Inert under

' the aggregating and unopposed ac-

tion of Force.

The problem we have now to con-
sider is this:—Qiven Matter and
Power as the raw materials of the
universe, is the interaction of Power,
under its two forms of a combining
Force and a scparating Energy, upon
Matter, sufficient to account for the
totality of non-living and living con-
tents of the universe?

Of the beginning, of what was be-
fore the present state of things, of
what will follow the end of it, we
know nothing, and speculation about
it is futile. Science is concerned
with the universe as we find it, the
mobile vehicle or orderly sucecssion;

it is upon this twofold and opposite - the Evolved, or Unfolded; das Wer-
acton that we hase our nssump-:den, as the Germans say, or the
tions as to the nature of matter—i. | Becoming: not less wrapped in mys-
e. a8 consisting of atoms of infinite.tery becanse we describe it as a
minuteness. tmechanical process, and do not fall
That form of Power which draws;back upon nnknown agencies or as-
the atoms together into larger or sume unknown attributes of Matter
smaller masses, and which resists or Power to explain it.
their separation, we call Force; that But since everything points to
form of Power which drives tho at the finite duration of the present
oms apart, and resists their combin- universe—for what it now is it once
ation, we call Energy. Both Force |was not, and its state is ever chang-
and Energy are, like matter, inde- ing-——we must make a start some-
structible ; in other words, the sum-|where. And we are therefore com-
total of each is a fixed quantity.|pelled to posit a primordial nebulous
Force inheres in, and cannot be taken | non-luminous state, when the atoms,
from, each atom of weighable matter; | with inherent forces and energies,
but Energy passes from atom to stood apart from one another. Not
atom, and from mass to mass, its|evenly distributed,else Force would
vehicle being that unweighable ethe-|have drawn them together as a uni-
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form spherical mass round & common
centre of gravity, and Energy,
awakened by the collision of atom
with atom, would have passed prof-
itlessly in the form of heat to the
ethereal medium; but varying in posi-
tion and character, withspecial gravi-
tation towards special centres. This
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sity of the mass of our planetary
system at the time when it was a
|nebulous sphere which reached to
i the path of the outermost planet, we
‘should find that it would require
I several millions of cubicmiles of such
matter to weigh a single grain’
| Given, however, the play of force and

theory of unstableness and unlike-|energy upon this diffused matter, the
ness at the outset squares with the ! mechanics of the proccss which re-
unequal distribution of Muatter, with  sulted in the visible universe are not
the movements of its masses in dif- | difficult of explanation. The force
ferent directions and at different bonnd up in each atom, acting as af-
rates, and with the ceaseless redis finity, combined the atoms as mole-
tribution of Matter and Power. All 'cules; acting as cohesion, it united
changes of state are due to the rear- the molecules into masses; acting
rangement, of atoms throngh the play as gravitation, it drew the masses
of attracting forces and repelling en-!toward their several centres of grav-
ergies, resuiting in the evolution of |ity. One of these masses, by no
the seeming like into the actual un-:means thelargest, became the nucleus
like, of the shapeless into the shape-. of our solar system, which may be
ly, of the simple into the more and : taken as a type of all other masses

more complex, till the highest com-
plexity is reached in the development
of living matter.
fire fused rock to the genius of man,
was wrapped up in primordial matter,
withits forees and energies, we can
speak of simplicity only in a relative
sense as contrasted with the infinite
variety around wus which has been
" evolved.

1. fnorganic Evolution—Under
this head we may apply the foregoing
principles to the earliest stages of
cosmical change, to the Kvolution
of Stellur Systems.

The existence of nebulous or cloud-
like objects in space, which the tele-
sceope, alded by the analysis of the
spectroscope, proves lu be immense
masses of glowing gas, goes far to
justify the assumption of a yet more
discrete state of the atoms which
formed the material universe at the
outset. But, although we are famil-
iar with matter in an invisible state,
as, e.g., in the element oxygen, which,
in a combined state, forms nearly
half the solid framework of the globe,
we can form no conception of the ex-

If all that is, from I

‘whose evolution into stellar systems
isag yot complete.

As the atoms rushed together,
Energy, which had hitherto existed
in a state of rest as passive separa-
tion, became active in molar and
molecular form. As molur energy
it imparted motion to cach mass—a
motion of rotation on its own axis:
and a motion in an orbit, as in the
proper motion of double stars, and
of the plancts round the sun. As
molecular energy it imparted a rapid
vibratory backwards and forwards
motion to the moleenles, which mo-
tion was forthwith converted into
the radiant encrgy of heat and light
rendering the mass self-luminous.
From the moment of their conver-
sion the dissipation of hoth forms
of energy ensued. The friction of
the ethercal medinm slowly retards
the orhital motion of every mass, the
| molar energy thus lost passing into
‘that medinm, antil finally the orbital
motion will be stopped, and the force
of gravitation, no longer resisted by
energy. will draw the smaller masses
to the larger, as vagrant meteors are

treme rarefaction of the primitive|being ceaselessly drawn to planets

atoms.

Upon this Helmholtz re-jand sun.

Moons will gravitate to

murks that ¢if we caleulate the den-'their planets, planets to their suns,
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and so on, until the matter of the admit of demonstration, but justifics
universe, with intermediate outbursts | itself as the only tenable explanation
of energy, becomes cold, inert, and:of the several states and distribution
golid, and Force will have subdued,of bodies in space. It is the only
all things unte itself. The molecu-!alternative to theories condemned
lar energy likewise passes, but morelby the Law of Parsimony, as Sir
rapidly, into the ethereal medium, K William Hamilton called the law
throbbing ceaselessly in all directions which forbids us to invoke the opera-
to the farthest marge of space, if any . tion of higher causes to account for
marge there be. Small portions of effects which lower causes suflice
it are intercepted hy each mass, but;to explain.

of these the larger proportion is re. | 2. Huenlution of the Solar System.
flected back, the remainder setting up ;. —We may now leave the general
separative motions on the surface, as, ' for the particular, and apply the the-
.., 1in the familiar case of the action | ory to the evolution of that particu-
of the sun's radiant heat on the lar stellar system to which we be-
earth. Of this solar energy, which:long, and to that portion of it which
is radiated equally in every direction, ; we call the earth. If the explanation
the earth does not intercept much;of the origim of the sun and planets

more than the two thousand mil-
lionth part. And of this the larger
proportion is reflected back. only a
fraction, to be itself finally dissi-
pated, being used to maintain the
earth as the theatre of atmospleric
and superficial changes whose high-
est result is life.

Such, with much detail left out
for clearer presentment of the sub-
ject, is the mode in which the shin-
ing hosts of stellar systems appear to
bave been cvolved from nebulous
matter. In this expositon students
of astronomy will recognize the ‘ne-
bular theory’ of Kant and Laplace,
but with important modifications due
to the doctrine of the conservation
of energy, which was uuknown in

their day.* That theory does not

*For & lucid ceriticism of the defects of Laplaco’s
theory, more espeeclally in its failure to account
for the pecular distribution of the larger and
smualler planets, the reader may study with advan-
tage Mr. Proctor’s essay on * How the Planets grew’
in his Expanse of Heaven.

While thene shccets sre passing through the press,
there appears in the Times of November 18, 1837, a
summary of a paper on the * Spectra of Meteorites,”
real by Mr. Norman Lockyer hefore the Royal
Society, As the resnlt of a large number of ex-
periments, the conclusion at which Mr. Lockyer
arrives is that ‘all selfluminous bodies in the
celestinl spaces are compored of 1meteorites or
messes of vapor, produced by heat brought about
by condensation of meteor swarms due to gravity ;’
in fine, that meteorites are the primordial stufl of
the universe. The experiments are interesting as
further evidencing the identity of many «f the
elements of cosmic bodies, but they do not warrant
the larger inference to which the Zimes gives prowmi-
uence. Two obvious objections occur: 1, that,

repeats somewhat of the foregoing,
it will only bring home to us the
uniformity of the process, and show
that what is true of the whole holds
good for every part, and for the
| parts of every part down to the un-
:seen atoms of which all things con-
sist.

Two striking pieces of evidence of
the common origin of the sun and
‘planets may be cited at the outset:
(1) They are made of like materials;
(2) they have like motions.
i (1) The spectroscrope has revealed
1to us the chemiecal constitution of
several of the fixed stars, their enor-
mous distance not affecting the trust-
| worthiness of the analysis. It evi-
idences the existence of snbstances
in the glowing vapors of their at-
mospheres akin to those which feed
the fires of the sun; and if such
identity of stuff is proved to exist
between the sun and other stars, we
may with reason look for still eloger
identities of material between himn
and his family of planets, moons. and
rerratic bodies. In facet. the sun is
‘known to consist of materials largely
represented in our earth.

thus far, only about one-half the known terrestrial
elements have been detected in meteorities, so
that, dealing with the earth alone, the source of
the remainder must be accounted for: and 2, that
mueteorites, as complex bodies, represent a rela-
tively advanced stage in the process of aggregation.
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(2) The planets and. with rare
exceptions, their satellites, revolve
round him in the same direction;
they also, so far as is known, rotate
on their axes in the same direction,
and very nearly coincide in the shape
and planes of their orbits, which are
almost in a plane with the sun's
equator. Now, since the conse-
quences would be the same werc
thege motions, both on axis and in
orbit, in the reverse direction, the
inference is obvious that there was a
uniform motion of rotation of the

mass from which they were severally

formed.

As with the primitive nebula from
which thul mass was detached, so

with the mass itself; there were dif-.

ferences of density throughout. On
no other theory is its segregation
into a multitude of bodies explicable.
As the rotation of the mass quickened
with the indrawing of the particles
towards the common centre of grav-
ity, the emergy of molar separation
acted most powerfully in the region
of the bulging equator, and, over-
coming the force of cohesion along
the line of least resistance detached
certain portions one after another at
irregular intervals from the central
mass as it retreated within itself.
These portions were the nuclei of
the planetary groups, in which the
like processes of contraction and
rupture were repeated, the masses
detachied becoming moons, or, as in
the case of Saturn, rings of satellites.
In respect of the diffused and highly
energized fugitive magses, ag comots
and meteors, Mr. Proctor has ad-
duced cogent reasons in support of
the theory that they are ‘products
of expulsion from suns, from giant
planets, and from orbs like our earth
when in the sunlike state.’

The origin of the planets and their
moons being found in the mode de-
scribed above, it is obvious that in
their primitive state they were mol-
ten, and shone by their own light.
All hot bodies part with their heat
to cooler bodies; and when equilib-
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rium of tcmperature is reached, all
separative motions cease—no work
can be done. The smaller the body,
the sooner would its moleeular en-
ergy be dissipated; in other words,
‘the quicker it lost its beat. The
present in a large degree interprets
I'the past, and explains the several
-stages of the members of our sys-
“tem, according to their bulk. The
sun, whose mass exceeds the com-
"bined mass of all the planets more
'Ithan 700 times, is still slowly con-
i tracting, and therefore still radiating
energy. In this lies the most prob-
able explanation of the maintenance
of this energy, which at the present
rate of dissipation would cause his
whole diameter to contract 220 feet
yearly, or four miles in a century,
80 that the sun may become as dense
as the earth in a few million years.
The cloud-laden atmospheres of the
larger planets, as Jupiter and Saturn,
are torn by cyclones only second to
those of the sun in their fury, and
the molten centres feed voleanic out-
bursts to which those of Vesuvius
and Krakatoa are mere squibs. But
as for the smaller bodies, their tur-
moil is calmed and their light extin-
guished; the store of energy is ex-
hausted; the forces of affinity and
cohesion have gained the upper hand
and drawn the particles together
into the solid form. Thus it is with
the moon, on whose dead and barren
isurface we may read the future of
‘the giant planets and the sun him-
gelf. For the history of one is the
history of all; each has passed, or is
passing, from the indefinite nebulous
state, throngh ‘numberiess modifiea-
tions, to the definite and solid state.
by decrease in volume and increase
in density. What the earth is, the
moon was; what the moon is, the
earth will be.

3. Evolution of the Earth—To
this passage from the sun-like to the
solid state the earth bears witness.
Its flattened poles, its bulging equa-
tor, its spheroidal shape, are the ef-
fects of rotation on a fluid or viscous
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mass: whilst the geologically oldest
parts of the crust—for there is no
primogeniture in matter—are of a
structure which is producible only
by the fusion of particles under in-
tense heat. As that crust, thin and
mobile at the outset, continued to
cool and thicken, it evidenced more
strikingly the play of forces and en-
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to which winds and storms are due;
heating the water, it excites the
warm currents, and draws heaven-
ward the aqueous vapor, which, driv-
en by the wind, returns, when its
energy is lost, as rain and snow,
those silent yet mightiest agents
of mechanical, chemical, and vital
changes. But the full significance

ergies within, and of energies and, of the work done by the sunbeams
in lesser degree, of forces w1thout that strike the earth’s snrface will
'he eooling and shrinking of the in-1appear when we treat of the relation
ternal mass, as the stored-up energy i of the living to the non-living.

slipped away, caused tension of the
crust, which, yielding to the force of
gravitation, was drawn inwards, and
cracked and crumpled into mount-
ains and valleys, and into the deep
depressions which the great oceans
have filled since the time when their

waters were first condensed from the ;

thick primitive vapors that swathed
the cooling carth. Then the contin-

uous action of the sun’s radiant)

energy, operating through air and:
water upon the increasingly rigid:
crust, dissolved its superficial parti-.:

cles, and re-deposited them as strati-

fied rocks, in endless beauty and.

variety, over the surface of the globe.
And herein lies the major cause of
our earth’s present condition as a
possible abode of life.

it when thrown off from the parent
masgs; and the still unspent, but
always lessening, store of internal
heat manifest in the voleano and the
earthquake—would not suffice to ar-
rest effeteness and the wrapping of
the globe in a winding-sheet of ice.
It is the imported supply from the
sun which alone does that, for in its
absence the trivial tidal energy due
to the moon would be futile, because
the seas and oceans would be solid.
Opposing the force which attracts
everything into inert union, the so-
lar energy sets up the separative mo
tions, the ceaseless redistributions,
which give rise to the grand climatal
and vital phenomena of nature. Ex-
panding the air, it causes the inrush

For its native
supply of energy—that of position:
derived from the momemtum given:

CHAPTER VIL
TEE ORIGIN OF LIFE.

TaE fascination which tha qnestion
of the origin of life possesses is not
lessened by the slow abrasion of the
artificial lines which divide the living
from the non-living. Round it, like
planet tethered to sun by the in-
visible foree of attraction the mind
of man revolves, unable to disen-
tangle itself and escape into a larger
orbit, whence the truer proportions
of things may be seen; nor will the
undue importance accorded to the
living vanish until there is deepened
within us that sense of the unbroken
interrelation of all things to which
science brings her ‘cloud of witnes-
ses.

It is agreed that there was an
‘azoic’ or lifeless period in the his-
tory of the earth—therefore that life
had a beginning; and it is with the
evidence as to continuity or gap be-
tween the azoic and the zoic epochs

that the present chapter is con-
cerned.

The azoic stage is evidenced by the
primordial temperature of the globe,
which, taking the present tempera-
ture of the sun as a fair standard
of comparison,is computed to have
been 14,000 times hotter than boil-
ing water. Under such highly ener-
getic conditions chemical combina-
tions of the vaporous particles were
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impossible, and, ¢ fortior:, vital com-
binations. But with the slow cooling
consequent wpon the eontinuous pas-
sage of the earth’s molecular energy
into space, the combining forces
cawme into more and more active play,
forming first the extremely simple
and more stable compounds, as wa-
ter; then the more complex and less
stable, as salts; and so onin increas-
ing complexity of material ond un-
likeness of structure. Obvieusly an
enormous fall in the temperature
took place before the superheated
mass became cool enough to permit
the formation of an outer crust. It
was into the depressions of this
crust that the vapors which tloated
over it fell as they condensed, form
ing water, which at first was prob.
ably at the temperaturo of a dull red
heat.

Thus far, in broad outline, the
material foundation for the super-
atructure of life.

When, where, and how did life
begin?

As to the time, we have no evi-
dence whatever. Life is enormously
older than any record of it. Even
the higher forms were developed
long before the periods in which we
first find their remains.

As to the place, probably in polar
regions, as Buffon suggested in his
‘Epoques de la Nature.’

Ag the globe cooled, those regions
would be the earliest to reach a
tetnperature under which life is pos-
sible. The Comte de Saporta, whose
regearchos give large support to
Buffon’s theory, remarks that the
richest fossil-yielding rocks are found
in northern latitudes of 50° to 60°
and beyond, and show that far back
as Silurian times the north pole was
warm enough to maintain life of a
tropical character, and that it was

the centre of origin of successive;

forms down to the Tertiary epoch;
the Miocene flora, which has now to
be sought 40° farther south, being
profusely represented. In Carbonif-
erous times a warm, moist, cquable
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climate prevailed over the whole
globe, due, as de Saporta argues, to
arrest of radiation by a highly vapor-
ous atmosphere. and also, perhaps,
to the greater diffuseness of thesun's
light by reason of his larger volume.
Thiselton Dyer says that all the
great assemblages of plants seem to
admit of being traced back at some
time in their history to the northern
hemisphere with its preponderating
land-surface.

It is therefore to the north pole,
more than to the south pnle, whose
secrets, however, no man has yet
wrested, that all evidence points as
the area of the origin and distribu-
tion of life. The great land masses
‘radiate southwards, forming, with
their alternations of submergence be-
neath shallow seas, and of upleaval,
channsls of migration for life-forms,
the modifications in which have arisen
from camses to he dealt with present-
ly. In contrast to this, the south
pole, throngh its isolation by the
deep oceans, whose beds have never
been dry land since the waters filled
their cavities, has maintained only a
slender connection with the conti-
nents and large islands tapering to-
wards it, and its plants and animals
have been unable to make headway
against the ceaseless life-stroam from
the north. So that given time, evolu-
tion, continental continuity, changes
of climate and elevation of the land,
and it would appear that the domi-
nant types may be traced back to the
northern hemisphere.*

*°f, the Cowmte Gaston de Kaporta’s ['Ancienns
Vegétation Polaire, in Compte Rendu of the interna-
tional Congress of Grography held in Paris, 1875
(published 1877) 1 extracts from Sir J. D. Hooker's
! Address to the Rogal Socioty, 1877, in Proceedings ¢f

Royal Geng. Soc., vol. i,, 1879, from which the follow-
.ing is quoted: ‘Perhaps the most novel idea in
. Count Baporta’s essay is that of the diffused sun-

light which (with & densely elouded a.tmosp_here)—
the anthor assumes to have been operative in re-
. dueing the contrast between the polar summers
and winters. Tfit be aceepted, it at once disposes
i of the difficulty of admitting that evergreen trees
snrvived a long polar winter of total darkness, and
I summer of constant stimulation by bright sun-
light: and if, further, it is admitted that it is to in-
! ternal heat we mav ascribe the tropical sspect of
the former vegetation of the polar region, then
thereis no necessity for assuming that the solar
nystem at these periods was in a warmer area of
stellar space, or that the position of the poles was
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Ag to the mode, let ua approach
the problem by treating of what is)
common to both the lifeless and the
living. Now, in brief, there are no
elements in the one which do not oc-
cur in the other. The most com-
plex plant and animal, and the lowest
living germ, so apparently devoid of
structure that it can only by courtesy
be called an organism, are alike made
of materials derived, divectly or in
directly, from eartb and air and
water. These materials are oxygen,
carbon, hydrogen, nitrogen. with a
lit*le sulphur and phosphorus, and
still fainter traces of other elements,
combined in extreme and elusive
eomplexity. Of the several slements
entering into this subtile combina-
tion, carbon is probably the element
to which the most prominent part is
to be assigned. Its affinity for it-
self, and its faculty of uniting in,
manifold relations both of number
and weight, cause its compounds to
be more numerous and important
than those of all the other elements,
taken together. Combining with the
foregoing elements, it gives rise to
protoplasm, from which by successive
modifications, slow in their opera-
tions, the teeming variety of living
things has been developed. These,
as explained already, are made up of

nmyriads of cells, each of which isa life- .

centre, their combination being the
sum total of the life of the organism.
As tho cell itself is an organization
formed from protoplasm and marks
the first stage in visible structure,
the question as to the mode of origin
of life narrows itself to the origin,
not of complex organisms, nor of
cells, but of protoplasm. Given the
matter which composes it, and the
play of forces and energies of which
that matter is the vehicle, wherein
altered, to accou:}g?;r the high temperature of
pre-glacial times in high northern latitudea; or, |
lastly, that the main features of tho great contineuts
and oceans were very different in early geological
times from what they now are” Also Wallace's
dstand Life, ch, xxiii. passim ; Thiselton Dyer's lec-
ture on *Plant Distribution as a Field of Geograph-

ical Research,” Proc. Royal Geog. Soc., xxii. 415, 1878;
aud Grant Allen’s Fignettes from Nature, ¢ The fall

of the Year.
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lies the difforence which gives us one
result non-living substance, and as
another result living substanee? The
answer obviously is that, the ingre-
dients being the same, the difference
must lie in the mixing :

We are already familiar in the in-
organic world with the existence of
the same element in more than one
form, but with different characteris.
tice ¢ g, of carbon, as diunond,
graphite, anc. charcoal; the differ-
ence being doubtless due to molec-
ular arrangement. Chemistry also re-
veals intimate likeness of materials,
in the compounds know as isomer-
ic, in which the physical and chem-
ical properties vary considerably. It
has algo manufactured organic com-
pounds, as starch, urea, and alcohol,
the produetion of which wus once
thought impossible; and if the ex-
periments to produce the living out
of the non-living by decoctions of
hay and extracts of beef have failed,
as wo might expect they would, this
fnilure can have no weight against
the argument that we cannot think
any limit to the possibilities of nat-
ure's subtile transmutations during
the vast periods that the earth has
been a possible abode of life. And
is not the transmutation of the in-
organic into the organic ceaseless
ly going on within the laboratory
of the plant under the agency of
chlorophyl}l?

The ultimate cause which, bring-
ing certain lifeless bodies together,
gives living matter as the result, is a
profound mystery. ‘The transition
between the organic and the inor-
ganic energies may be possibly found
in the electric gronp. Tt influence
on life, its production of contractions
in protoplasm, and its resemblance
to nerve-force, are well known. It
also compels chemical unions other-
wise impraeticable.”* But, although
the living thing affects us much more
nearly than lifeless stones and rain,
it hides no profounder mystery than
they. The ‘affinities,” ag in our igno-

* Cf. Cope’s Orgin of the Futtest, p. 436.
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rance we name them, which lock the
elements into beautiful crystalline
forms, are no whit less wonderful
than the motions in matter through
which the same elements manifest the
phenomena of life.  The origin of life
18 not a more stupendous problem to
volvo than the origin of water. Both
protoplasm and water have properties
that do not belong -to the individual
atoms whish compose them, and the
greater complexity of the living
structure does not constitute a dif-
ference in kind, but only in degrea.
It does not seem, after all, such a far
cry from the erystal to the amoeba as
from the amceba to Plato and New-
ton. The crystal and the amcba
take their pluce as independent prod-
ucts of physical and chemical change,
and cannot do other than obey the
law of their development. The crys-
tals of rock-salt, determined by the
mutual action of the attractive and

repellent poles of their atoms, dis-:

pose themselves as cubes; the crys-
tals of snow as hexagons; of sulphur
as rhomboids; and the protoplasmic
atoms, obeying their polarities and
charged with separating energies,
dispose themselves ‘each after his

kind.'" But whilst the crystal grows

by accretion at the surface, although
even this distinction has its rare ex-
ceptions, the cell grows by assimila-
tion or intussusception, i. e. by in-
flowing of nutrition amongst all its
parts,* the new replacing the old,
yet maintaining its structure and
composition, like the fabled ship of
Theseus, which remained the saiue
althongh repaired so often that not
an original plank was left.

Speaking relatively—for nothing
i8 ubsolutely motionless—the crystal
is stable, irresponsive: the cell is
plastic, unstable, responsive, adapt-
ing itself to the slightest variation;
it *stoops to conquer,” and so under-

*The so-called precipitation cells or mineral or-
ganisma known, after their discaverer, as Traube's
cells, are spoken of with contempt by Sachs, who
says that their resemblance to living cells has been

much exaggerated. (Cf. Lect. on Physiol. of Planis. |

. 215.)
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goes ceaseless modification by inter-
action with its ever-changing envi-
ronment. Life involves delicacy of
construction; hence the transient.
nature of the organic in contrast
to the abiding nature of the inor-
ganic. And, strange as it may seem,
separation is life; integration is
death. Tor life is due to the sun's
radiant energy, which, setting up
separative movements, enables the
plant to convert, through its mys-
terious alchemy, the lifeless into the
living, thns forming energetic com-
pounds, which are used partly by
the thrifty plant for its own vital
needs, and largely by the spendthrift.
animal for its nutrition, to repair
waste and maintain functions. Ul
timately the energy thus derived
from the sun, directly by the plant
and indirectly by the animal, passes
into space, and ‘the dust returns to
the earth as it was.! For life is only
a local and temporary arrest of the
universal movement towards equilib-
rium.

Turning to mental phenomena,
from its lowest manifestations in the:
simplest reflex action of the amaba.
~or the sundew when touched, to its
highest manifestations in conscious-
ness or self-knowledge, we find the
connection between it and the hodily
movemenis a greater crux than the
connection between the inorganic
and the organic. We know that all
the thoughts we think, and all the
emotions we feel, involve a physical
process; that is to say, they are
accompanied by certain chemical
changes or molecular vibrations in
nerve-tissue, involving waste or large
expendifure of energy, which ir re.
paired by food. We know that the
healthy working of the brain depends’
upon nourishment, upon abstinence
from excess, upon freedom from in.
jury. Starve, or stun, or stupefy a
iman, let palsy or paralysis afflict
bim, and the complex machinery is
thrown out of gear. And we know
ithat the larger the proportion of

jbrain to body, and especially the
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more numerous and intrieate the, to gather evidence from thew on the
furrows and creases in the gray)matter must fail. But, however
matter of the brain, the higher in closely the earliest life-forms were
the life-scale are the mental powers. related, there is, as noted already,

But the gulf between conscious- | fundamental difference to be drawn
ness and the movements of the mole- | between their successors in the mode

cules of nerve-matter, measurcable :
as these are, is impassable; we can
follow the steps of the mechanieal
processes of nerve-changes till we
reach the threshold which limits the
known, and beyond that barrier we
cannot go. We can neither affirm
nor deny; we can only confess igno-
rance. ‘If anyone says that con-’
sclousness cannot exist except in
the relation of cause and effect with
certain organic molecules, I must
ask how he knows that: and if he
says that it can, I must put the
same question.* That is the im-i
pregnable position of physical science !
as defined by its greatest living ex-
positor. *Soul is only known to us
in a brain, but the special note of
soul is that it is capable of existing
without a brain, or after death.’t
That is the unverifiable assumption
of dogmatic theology.

CHAPTER VIIL
THE ORIGIN OF LIFE-FORMS.

Moisrore as well as heat is essen-
tial to life; therefore life had its be-
ginnings in water,] but whether as
plant or animal is a difficult question
to answer. The fossil-yielding rocks
tell us nothing about if, and the
lowest and simplest organisms have
80 much in common that any attempt

*Professor Huxley on ‘Science and Morals,” |
Fortnightly Review, December, 1886,

1 Principal Tulloch, Modern Theories in I’hilosophy
and Religion, p. 328.

i ‘It wasin the littoral region that all the pri-
mary branches of the zoological family tree were
formed: all terrestrial and deep-sea forms have
passed through a littoral phase. and amongst the
representatives of the littoral fauna the recapitula-
tive history in the form of reries of larval condi-
tiona is most completely retained.’—Professor
Moseley, Nature, September 3, 1885. And the pri-
mary condition of ¢ +imal development was tho de-
velopment of plant-life in the same region.

of nutrition, n difference which may
throw some light upon the prob-
lem of priority, and which is not
effaced by the existence of certain
flesh-eating plants and vegetating
animals, since this witnesses to the

F16. 63.—Chlorophyll Granules in I.eaf-
cells (magnified 550 diameters.)

A Grauules of ehlorophyll, with starch greins im-
bedded in the protoplasm of the cells.

B. Separated granules. a, b, young granules; }' b”,

graunules dividing ; ¢, d, ¢, old granules; /, granule

swollen by water; g, starch granules in which

water has destroyedS&cthe chlorophyll. (After

hs.}

interchange of modifications of which
protoplasm is capable.

It has been shown that the plant

alone has the power to convert the
elements of lifeless matter into the
living solid state, thereby storing up
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energy for its own use in growth
and germination, and for the use
directly or indirectly of the animal.
This the plant is enabled to do sole-
ly in virtue of its chlorophyll, which
absorbs certuin sun-rays, and sets up
chemical action by which carbon is
separated from oxygen in carbonic
acid gas, and hydrogen from oxygen
in water, forming hydrocarbons in
which energy is stored up. Now, if
the animal is entirely dependent up-
on the plant for this energy, it would
seem that plants were developed first.

For, remarks Professor Sachs, *as
all animals are devoid of chlorophyll-
containing organs, and are thus
unable to form organic substance
from carbon dioxide and water, al-
though they build up their bodies
from such substance, it follows ob-
viously that the substance of the
bodies of all animalsis originally pro-
duced in the chlorophyll cells of
plants. The few lower animals which
apparently contain chlorophyll—cer-
tain infusoria. Sponges, and Llu-
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;separative action resulting in the
materinl on which alone life can be
sustained, the inference in obvious—
no chlorophyll, no life. In other
words. life being dne to energy
radiated from the sun, which energy
is inoperative without echlorophyll,
i protoplasm plus chlorophyll is the
physical basis of life.

Against this we have the opinion
of authorities of the rank of Pro-
fessor Ray Lankester among zoolo-
gists, and of Thiselton Dyer among
i botanists, that the carliest protoplasm
was destitute of chlorophyll. They
'eontend that since chlorophyll is a
modification of certain parts of the
protoplasmic cells, it is not a thing
of primary origin, but a later acquire-
ment slowly attained. Both authori-
ties incline to regard certain forms
of fungi as representing ¢ more close-
ly than any other living forms the
original anecestors of the whole
organic world* . which existed
before plants possessed chlorophyll
atall” But fungi *draw their nutri-

rarie*—contain chlorophyllasamat- | ment from compounds derived from
ter of fact, not as a proper con-,other organisms, and therefore in a
stinuent of the body, but, as Brandt higher state of aggregation than
has recently shown, have vegetable|those the green plants make use of,
cells (Algzm) containing chlorophyll so far approaching animals in the
in their bodies; by means of the mode of their nutrition.'t That is
assimilation of these green bodies|to say, fungoids are like animals:
such .zmillnals may be n?urished under' *Encyclop. Brit., arts. ‘Protozoa,” p. 832, and
certain circumstances.’t |« Biology,” p. le-k e e vrod et
1+ Looking back through the prodigious vistao
Grm_ﬂt Allen has mars‘ha’l.led; the } s pant T onc mi mevmdd of the ok i of ife,
facts 1n support of the pn()nf,y of " and therefore I am devoid of any means of form-
. e 1 ing a definite conclusion as to the conditions of its
Plants in a paper of great force and ' appearance. Belief, in: the scientific sense of the
3 ro_ | word, is a serious matter, and necds strong found-
clqarness. .Whl(’.h has appal.'ently re Intions. To say, therefore, in the admitted absence
ceived but scant attention from ot evidence, that I m;ve any tp;&l}el; asto the mm?le
4 3 : . in which the existing forias of life have originated,
blO]OngtS.i He _Smelts that as the | would be using words in a wrong sense. But ex-
solar rays are, in the absence of i pectation is permissible where belief isnot: and if
’ : it were given me to look beyond the abyss of geo-
Cthl'Ophylls POWeﬂeSS tO set uP the | logicvally recurded lime to the still more remuote
period when the earth was passing through physical
*The following list of chlorophyllian animals has | and chemical conditions, which it can no more see

heen drawn up by Professor Ray Lankester :—

Foraminifera. Ceelentera,

Radiolaria. Hydra viridis.
Rhaphiophrys viridis. Anthea smaragdina.
Ieterophrys myriapoda. Vermes,

Infusoria. Mesostomum viride.
Stentor Mulleri, &e. Bonella mridis.

Spongida. Cheetopterus  Valencien-
Spongplia fluviatilis. nesii.

Crustacea (Isopoda).
Ldotea vrridas.

18uchs, pp. 298-99.
1 Qentleman’s Magazine, June 1885, art. ‘ Genesis.”

j agein than a man may recall his infancy, I should
! expect to be a wilness of the envlutron of linng protoplasm
! from nol-living multer. 1 shonld expcct to -see it
appear under forms of preat simplicity, endowed,
ltke existing fungi, with the power of determiining the
Sormation of new proloplasm  from such matlers as
ammonium carbonates, vealntes and tartrates, alkaline
and earthy phosphates, and water, without the ad of
. light. That is the expectation to which analogical
{ reasoning leads me; but I beg you once more to
! recollect that I have no right to eall 1y opinion
anything but an act of philosophical faith.’—Hux-
1 ley’s Critiques and Adgresses, p, 330.  {The italics are
mine.)
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they use up the energy which the by separation from a pre-existing cell,
plants accumulate, and fill asecond-|and every living organism is made
ary place in the succession of life-;up of one cell or of many cells. The
forms. The strength of the argn- single cell of which the lowest organ-
ment in support of plant-priority |isms are composed does everything
lies in this, that wiewing life as «:@ appertaining to life: it feels, moves,
product of Power operating under feeds, and multiplies. In the com-
its separating action of Energy upon . plex or many-celled organisms these
Meutter, an energy-storing organism . functions are divided among the cells,
must have come first. If the first each of which is independent, but
protoplasm lacked chlorophyll, it had : nevertheless adapts itself for the
within it the possibilities which per- ; work it has to do, acting in common
mitted its secretion atan early stage; | with its fellow-cells. Division of
it was, to nse an unavoidably long | labor ecauscs difference of structure—
word, chlorophyllaceous. The ques- l stem, root, sap, leaf, and seed in the
tion. however, is ot no serious im-,plant; bone, muscle, nerve-tissue,

Fﬂ
F1a. 64,—Cells and Root of Fritillary (magnitied 550 diameters. )
A, Very young cell from near Apex.
B, From two mm. aboveit,
C. From about eight mnm. 4, cell-wall; p, protoplasm : &, nucleus; kk, nucleoli; s, vacuoles and cell-sap
cavity (After Sachs.)
portance in view of the common 'blood, and egg in the animal: all are
evolution of living things, and we | communities of cells of astounding
may pass to less debatable ground’minuteness variously modified. The
in Inquiry into the eauses which have  organism is the sum of life of all the
developed them in countless variety | cell-units.
from specks of relatively formless | The one-celled forms increase by
protoplasm. | division. Growth is the balance of
The cell is the structural starting- | repair over waste; and when through
point of all life. The nucleus which | assimilation of foodinto its substance
it encloses is the result of the first the cell reaches a certain size, the
visible approach of protoplasm te foree of cohesion is overcome by the
unlikeness of parts, and is the chief release of the energy derived from
centre of activity. Every cell arises: food, and the cell divides equally at
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the kernel or nucleus. The slimy: sure, as they continue to sub-divide,
protoplasm distributes itself around causes them to flatten and range
each nucleus as the two part com- themselves side by side in a single
pany, to grow and divide again in!layer, forming what is called a blast-
like manner ad infinitun:. To these . osphere (Gr. dlustos, o bud). By a
lowest Protozua we may apply the . process which is somewhat obsenre
words, ‘thon art the same, and thy {(for we are dealing with the move-
years shall have no end,’ at least till meunts of very minute bodies), but
all life here has end: for they were which corresponds to the cunversion
the Alpha, and may be the Omcgu.!of a small india 1ubber ball, having
in the earth's life-listory: neither isia pin-hole in it, into a two walled cap
one before nor after the other, since | by pushing it in with the finger,
there is nc descent amongst them, the single-layered sphere becomes
but unly Ialeral multiplication. In!echanged into a double layered hood-

many Protozoa a small portion of the
parent is detached—a process known
a8 generation by budding s but this

//

-or horseshoc-like structure, called
a gastrula (Gr. dim. of gaster, stom-
ach).* The gimpler stationary ani-

Proloplasm

Nucleus
_Nueledlus

F1a. 65.—Cell.

and other modes of whole or partial
fission are clagsed together as repro-
duetion by multiplication.

The next stage in structure is
when the cells in dividing remain, to
their common advantage, grouped
together, as in all animals above the
Protozoa.

The cells divide* in definite order

into two, then into four, eight, six--

teen, and so on, clustering together
in a mornla, or mulberry-like mass,
in which a cavity filled with fluid is
formed, the cells being parted and
driven to the surface. Mutual pres-

Fic. 66.—Stages of Cell division,

jmnls, as sponges and polyps, do
,not advance beyond this stage, but
’in all animals above them, in which
| bilateral structure, probably through
!free movement in a given direction,
118 developed, a third layer larger and
more complex arises. The other two
layers apparently take an equal share
lin its formation, and from its subdi-
vision the greater number of organs
of thebody be it of a worm or aman,
are developed. Passing over much
technical detail, it must suffice to say
that the upper layer gives rise to the
skin, the nervous system, and organs

* Cell-division does net extond to the food-volk
which the eggs of birds. reptiles, and many other
animals contain for the nutriment of the embryn.

!

*On the variatiors in the gastrula tvpe, see
Hackel's Evolution of Man, i. 231, and plates 2 and 3,
. 240-2,



THE STORY OF

of sensc; the lower layer to the in-
testinal canal and appendages; and
the middle layer to the general skel-
eton, the heart, and other important
organs. Thus does the future ani
mal emerge from the gastrula stage,
and pass into the embryo stage, un-
til an advanced period of which the
embryos of vertebrates, whether fish,
tortuise, dog, ape, or man, cannot be
distinguished from one another, so
close are the likenesses both in out-
ward form and structure.

Fie. 68—Gastrula Stage.

A, upper cell layer : B, lower cell layer: C. primit-
ive wouth ;: D, body-cavity.

All plants and animals above the
lowest are reproduced by the ageney
of special cells, the impregnation of
the nuclens of the germ or egg-ccll
of the female by the nucleus of the
sperm-cell of the male being neces-
sary to set up the series of changes
which result in the future animal.*

*At the present time the cell theory, in conse-
quence of recent investigations into the structure
and metamorphosie of the nuclews, is undergoing
a new development of great significance, which,
amonyg other things. foreshadows the possibility of
the establishment of a physical theory of heredity
on a safer foundation than thuse which Bufion and
Darwin.devised. (Huxley, ari. Science, Reygn of
Queen Theloria, ii. 376.)  The pith of the matter is
that structural elements of ithe male nucleus ap-
pear to he associated with those of the female in
the fecundated ovum and all rts derived cells”’
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There are numerous variutions in the
organs of reproduction, but whatever
unlikenesses exist in detail do not
affect this general statement; alga
and oak, sponge and man, are alike
developed from germs variously
called spores, sacs, seeds, and eggs.
! The structure of the fertilized egg
rof the parent determines the strue-
ture of the offspring, which to some
extend reproduces the series of forms
through which its ancestors passed
a8 it progresses to its adult state.
In othor words, the individual, as it
develops from the eogg cell, epito-
mizes the history of the ancestral
forms of its species.

F1a. 69.—Embyro Stage.

a, b, brain vesicles ; ¢, blastoderm ; d. primitive
vertebr®; ¢, medullary cord; f, upper layer or
body-wall,

The transmission of parental form
and structure, as well as of mental
character, to offspring, being clear,
the question suggests itself, How
Lave variations, resulting in millions
of past and present species of plants
and animals, arisen?

Professor Huxley says that ‘the
great need of the doetrine of evolu-
tion is a theory of ~variation.’¥
When, however, we cousider the
mobility and minute complexity of
structure of living things invisible
to the naked eye, and their response
to every shiver of energy from with-

* Critiques and Addresses; and cf. Science and Cul-
ture.

(Extract from & letter from Professor Huxley to
the Author) And cf. Wiedersheim’s Comp. Anal.
of Vertebrates, pp. 4, 300.
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out, we have sufficing factors to pro-
duce unstableness which will result
in unlikeness of parts. Given n body
which, although a minute speck,
containg billions of molecules per-
forming complicated movements of
immense rapidity, and sensitive in
an inconceivable degree to the play
of vibrations impinging npon them
at the rate of hundreds of trillions
per sccond, would not the marvel be
if these quivering particles of the
structure, shaken by energies within,
and by still more potent energies
without, did not undergo eontinuous
redistribution 7*

The position may be thus stated:
—~The organism has—(1) Infinite
complexity of structure; (2) inherited
tendencies; (3) mobility and  con-
tinuous motion, therefore capucity
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witht Darwin's name, which explaing
by what operation of natural causes
the highest plants and animals have
descended by true generation and
slow modification from less complex
life-forms, and these in ever-lessen-
ing degress of complexity and un-
likeness, until the common starting-
point from the lowest or one-celled
organisin is reached.

Following Lyell's method of ex-
plaining the past by agencies still in
operation, and adapting hints from
Malthus* and other writers in the
clearing up of questions suggested
by observations extending over many
vears. Darwin propounded a theory
whieh, in the judgment of every
biologist unfettered by predilections
or prejudiees, accounts in large de-
gree for the origin of species.®

F16. 70.—Corresponding stages in the developement of

Fish

a, brain ; o, eye;
to vary. (1) Variations are induced
by the surroundings on which, as
vehicles of energy, life depends; (5)
when the surroundings change, the
organism adapts itself or not to the
change; (6) such as fail to adapt
themselves perish: (7) such as adapt
themselves vary in greater or lesser
degree: (8) these variations, being
transmitted, are stages in the devel-
opment ot different life-forms. To
put the matter briefly, likenesses are

inherited, variations are acquired.
This brings us to the theory linked,

e

Do

g Man
ar; o, gills 5 e, tarl,

CHAPTER IX

‘ THE ORIGIN OF SPECIES.

L Tre history of the slow but sure
preparation of the scientific world

*See Darwin's Letter to Hreckel. Hist, of Creation,
1. 134; also Darwin's Life and Letiers, i. #3.

*+ Tam satistied that natural selection is a true
| cause; and whatever may he the final result of our
, vreaent ingnirien—whothor anirnared natnre b
« derived from une ancestral souvce or from nant—
' the publication of the Origin of Species will none
'the less have eonstituted an epoch in the histors
|nf1n’olngy. But how far the present condition of

living beings ig due to that cause ; how far, on-the
afpier hand, the action of natural selection has
bheen modified and cheecked by nther natural laws,

- What organism can pass through life without | by the unalterability of types, by atavism, &c.;
being snbjiected t0 more or less new conditions? | how manv types of life originally came into being,
What lite is ever the exact fac-simile of another?. and whether they arose simultancously or succes-
Aud in amatter of sich extreme delicacy a8 the | sively—{tbese and many other similar guestions

adjnstiment of psychical and physical relations,
who can sa¥ how small a disturbance of established
equillbrium may not involve how great a rear-
rangerment ?'—ZLuck or Cunning? p. 273, by $amuel
Butler,

remain unsolved. even admitting the theory of
natural selection.’—Lubbock’s Origin, &r., of In-
gects, p. %30 and cf. Spencer’s Faefors of Organic
| Evwdution, passim, for discussion of the limitations
) of Barwin's theory,
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for the reception of a theory displac-
ing the old notions of the fixity of
species—the record of the kings and
prophets who foreknew the coming
day, but who died ‘without the sight,’
—are told by Grant Allen in his
monograph on *Charles Darwin.’
Commending the reading of that
houk, especially of the fifth chapter,
as superseding the mneed for repeat-
ing the story here, we may pass to a
rapid summary of the evidence ag to
the mutability of species.

It shonld be noted at the outsot
that ‘specics’ is a convenient term to
denote groups of individuals having
certain characters in common, bt
that no one definition of ‘specics’
has satisfied all npaturalists. The
term ‘variety’ is almost equally diffi-
cult to define; but practically, when
a naturalist can unite by means of
close intermediate links any two
forms, ho treats the one as a *variety’
of the other, ranking the most com-
mon, but sometimes the one first
described, a8 the ‘species,” and the
other as the variety.™

1. Notwo individuals of the sanie
species are exactly alike ; each tends
to wary. Of this obvious fact every
species, with their several varieties.
from man downwards, supplies abun-
dant illustration.
of thousands of faces that we meet in
the course of theyear in any large
city, each has some feature to mark
it froir every other; the practised
eye of the shepherd recognizes each
sheep in his flock, of the Laplander
cach reindeer among the herd crowd-
ed ‘like ants on an anthill, and of
the gardener each hyacinth among a
thonsand bulbs.
same parents vary in size, feature,
complexion, character, and constitu-
tion, often very obviously, but some-

times too obscurely for cursory de-:
tection; and this law of general re-:

semblance, with more or less varia-
tionin detail, applies to all animals
and plants.t The tendency to vary,

* Cf. Origin of Species, p. 33, 6th. ed.
+ Cf. Animals and Plants under Domestication, i.
445 ; ii. 2398, 2nd ed.
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which in ourignorance of its ultimate
causes we say ‘inheres’ in the or-
ganism, and of which what are called
‘sports’ furnish the best illustration,*
is fostered by the change of condi-
tion in which the animal or plant
way be placed, as shown in its more
marked tendency to vary in a domes-
ticated than in a wild state. Tor ex-
ample, when the common ringed
snake, which in its natural state 1s

.oviparous, 18 confined in a cage in

which no sand is strewn, it becomes
viviparous.

Thronghout these pages stress has
heen laid on the fact that the organ
adapts itself to the work which it
has to do; hence changes of structure
in a species are necessitated to fit it
for an altered state of things. This
implies increased or lessened nctivity
on the part of certain organs, the use
or disuse leading, under theaction of
natural sclection working through
long ages. to their development or
suppression.

2. Variutions ure tranewnitted, and
therefore tend to become pernurient.
In other words, what is peculiar tfo
the parvent plant or uanimal reappears
in the offspring. This is known as
‘descent with modifiecation,” the im-

!port of which will bo shown later on.
Of the handreds

8. Man takcs aduvantuge of these
transmitted wunlifencsses to produce
new varieties of plants and onimals.
He selects certain individuals posses-
sing variations which he wants to
preserve, and allows ounly them to
hreed together, by which means in
the course of time he produces vari-
eties differing greatly from the par-
ent form with which he started.
The stock oxample of this is the
pigeon. All our domestic pigeons,
exceeding in number a hundred well-
marked races, are descended from
the ordinary blue rock pigeon of
the Eunropean coasts. Variations as
warked as the fan-tail, the tumbler,
and the pouter have been produced
by the breader selecting birds with
certain peculiarities, and choosing

* Origin of Species, p. 8: A. and I"., 1. 397,
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from euch successive brood only|act only on external and visible char.
those which exhibited the same pe-iacters: Nature, if I may be allowed
culiarities in more marked form, the|to personify the natural preservation
result being, after a long time, the!or survival of the fittest, cares noth-
production of entirely new varieties. ing for appearances, except in so fur
The same method has given us dif- - as they are useful to any being. She
ferent races of dogs, sheep, horses, can act on every internal organ, on
and other domestic animals. The|every shade of constitutional dif-
fleetest horses are chosen to breed ference, on the whole machinery of
together; then the flectest offspringlife. Man seleets only for his own
of ‘these in succession, until horses good: Nature only for that of the
are producced whose swiltness far ex- | heing which she tends. Kvery se-
ceeds that of the originally selected |lected character is fully exercised by
pairs. In the devcelopment of the her, as is implied by the fact of their
cart-horse, strength, not speed, in selection. Man keeps the natives of
the quality selected; while in the many climates in the same country;
marked unlikeness between dogs we | ha seldom exercises each selected
see the result of artificial selection |character in some peculinr and fit-
in prodneing such varieties as thelting manner; he feeds a long and
bloodhound, the terrier, and the!a short-beaked pigeon on the same
spaniel. What varieties in Howers, food; he does not exercise a long-
vegetables, and fruits—as, for ex-ibacked or long-legged quadruped in
ample, the development of the nu-iany peculiar manner; he exposes
merous kinde of apples from the|sheep with long und short wool to
small, sour crab species—the like!the same climate. He does mnot
method has induced, is too well|allow the most vigorous males to
known to need detailed reference|struggle for the females. He does
here. 'When we see how successfully | not rigidly destroy all inferior ani-
this choice of slight variations has|mals, but protects during each vary-
broughi .- about plants and animals|ing season as far as lies in'his power,
best adapted to the service of man, |all his productions. He often begins
wo may desire the time when man  his selection hy some half-monstrous
shall so realise his duty to the race|form, or at least by some modifica-
that the multiplication of the rickety, | tion promincut enough to eatch the
both physically and morally, will|eve or to be plainly useful to him.
cease, and only men and women of , Under Nature the slightest differ-
the highest type reproduce their |ences of structure or constitution
kind. may well turn the nicely balanced

Now the important work which|scalein the struggle for life, and so
Darwin did was to show that what  be preserved. How fleeting are the
man does on a small seale within a | wishes and efforts of man! how short
limited range of timme, nature does|his time! and, consequently, how
on a large scale during countless poor will be his results, compared
epochs; with the further differcnce|with those accemnulated by Nature
that the action of nature is not pur-| during whole geological periods!
posive, as is the action of man, but | Can we wonder, then, that Nature's
involved in the necessities of things. | productions should be far “truer” in
We may guote what Darwin says on | character than mun’s productions;
this matter:— that they should be infinitely better

‘As man can produce, and cer-|adapted to to the most complex con-
tainly has produced, a great result|ditions of llfe, and should plainly
by his methodical and unconscious |bear the stamp of far higher work-
means of selection, what may not|manship?’* '
natnral selection effect? Man can| “vcr. origin of species p. 65.
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4. Moure organisins are born than
survive. To quote Darwin once
more, ‘there is no exception to the
rule that every organic being natu-
rally increases 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 hus doubled in twenty-five years,
and at this rate in less than w thon-
sand yeurs there would literally not
be stauding room for his progeny.™*
If all the offspring of the elephant,
the slowest breeder known, survived,
there would be in seven hundred and
fifty years nearly nineteen million
elephants alive, descended from the !
first pair.
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fecundity whereby mnature, ‘so care-
less of the single life,’ secures the
race against extmctmn

5. The result is obvious: a cease-
less struygle for jfood and place.
In that struggle the race is to the
swift, and the battle to the strong;
the weaker,be it in brain or body, go-
ing to the wall, the vast majority
never reaching maturity, or, if they
do arrive at it, attuining it only to be
starved or slain. As, amongst men,
competition is sharper between those
of the same trade, so throughout the
organic world the struggle is less
severe between different species than
between members of the same spe-

If the eight or nine mil-cies, because these compete most

lion eggs which the roe of a cod isifiercely for their common needs—

said to confain developed into adult
cod-fishes, Lhe sea would quiekly be-
come g solid mass of them. So pro-
lific is its progeny after progeny,
that the common honsefly is com-
puted to produce twenty-one millions
in a season; while so enormous is
the laying power of the aphbis, or

plant-louse, that the tenth brood of:
one parent, without adding the pro-,

ducts of all the generations which
precede the tenth, would contain
more ponderable matter than all the
population of China, estimating this
at five hundred millions!

1t is the same with plants. If an

iplants for the same soil, carnivora

for the same prey. But whether the
battle is fought between allied or
unallied species, the victory is never
doubtful; it is assurcd to the plant
or animal that has some advantage,
however slight, which its opponent
lacks. Among plants growing ina
dry soil, those whose leaves have
thicker hairs upon them will absorh
more moisture from the air than
plants with less hairy leaves, and,
competing successfully with these,

‘will sarvive to transmit their advan-

tageous voriations. Again, such as

“are better able to resist the depreda.

annual plant produced only two tions of burglarious insects by pro-
gesds yearly, and all the seedlings tection of thorny or prickly stems,
survived and reproduced in like num- or by nauseous taste, will thrive and
ber, one million plants would be pro- | multiply, while plants lacking these
duced in twenty years from the|defences dwindleand become extinet.
single ancestor. Shonld the inerease , So with those which by showy colors
be at the rate of fifty seeds yearlv, of their flowers and sweeter nectar
the result, if unchecked. would be to i attract insects whose visits are de-
enver the whole globe in nine years, 1 sired s earriers of pollen from sta-
leaving no room for other plants.' mens to pistils. These secure propa-
The lower organisms multiply with gation, while plants less attractive
astonishing rapidity, some minute remain barren. The birds that are
fungi increasing a billionfold in a strongest on the wing reach the land
few hours, Whl]e the protococeus or whither they migrate, while the
red snow, multiplies so fast as to weaker perish by the way. The lions
tinge many acres of snow with its,of sharper sight and more supple
crimson in a night. But we need | spring, the wolves of keener scent,
not give further examples of this |secure their prey, while the feebler

= Ibid., p. 51. members starve. It is with man as
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with the organisms below him: the
quickest in intellect, and those with
greater power of endurance, distance
the weak or the stupid, who fall be-
hind, and finally slip out of the ranks
altogether. Sometimes the area of
struggle is narrowed, and survival se-
cured by retreat, as of the sloth to
trees, and of digging and burrowing
animals underground.

The subtloty aud variety of the
condifions upon which natural selec-
tion seizes cseape the keenest ob-
gservers. Of their success. however,

in tracing the varying fortunes of’

species Darwin gives a striking il-
lustration in his explanation of the
absence of wild oxen and horses in
Paraguay. This is due to the action
of a small fly which lays its eggs in
the navel of newly burn calves and
foals, the maggots hatched from the
éggs causing the death of the young
animals. Now, snpposing this para
sitic fly to be destroyed by an in-
sect-eating bird, oxen and horses
would abound in a wild state, and,
a8 they would eat certain plants, the
vegetation would be altered, and
these changes in the flora and fauna
would involve changes of increasing
complexity.

The interrelation between the pro-.

portion of old maids and an abund
ance of red clover is not, prima facie,
quite as obviuns. But it may be
proved in this wise. The clover is
fertilized by humble-becs, the number
of which ig determined by the num.
ber of field-mice, which destroy their
nests.  The number of ficld-mice,
again, is determined by the number
of cats, and the numker of these,
finally, by the number of old maids
who keep them! Thetefore, as red
clover is excellent food for cattle, and
cattle are excellent food for man,
elderly spinsters are benefactors to
their species!

The important part played by color

*'This word is not used as implying conscions
imitation. but as conveniently grouping resem-
blances which, in the degree that they are pro-
tective or helpful, give advantage and security to
the individual exhibiting them.
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rand mimicry* in the struggle for
lifo has been demonstrated by Dar-
win, Wallace, Bates,* and other acute.
observers. The more closely that
an animal approximates in form and
hue to its surroundings, the easier
does it escape detection by its
pursuer, and the easier does it avoid
the notice of the prey which it pur-
sues. In conformity with this we
find that most animals are protec-
tively colored, while those which are
not are so constituted as to render
such protection needless. As illus-
trative of the operation of natural
selection in this matter, we may
borrow an admirable example from
Grant Allen's ‘Charles Darwin.’

‘In the desert, with its monot-
onous sandy coloring, a black insect

F16. T1.—Leaf Insect and its Egg,

.or a white insect, still more a red in-
gect or & blue inseet, would be im-
‘mediately detected and devoured by
lits natural enemies, the birds and
“the lizards. But any greyish or yel-
{ lowigh insects would be less likely to
‘attract attention at first sight, and
would be overlooked as long as there
were any more conspicuous individ-

* Contriluetions to an Insect Fauna of the Amazome
Vuliey (Trans, Linn. Soe., November 1861), of which
Darwin says, in a letter to Mr. Bates (Life and Let-
tere, ii, 391) ¢ ¢ Itis one of the most remarkable and
admirable papers I ever read . . . solving a won-
derful problen:,” 8o delightful a paper should
not he allowed tolie buried in alearned society’s

' Transactions, for the illustrationsr of mimetic an-

- alogies between members of widely distinet fami-

1liew and between insects and their surroundings

- which it gives are, as barwin adds, ‘truly marvel-

l1ous.’ Stch are those of moths, whose wings are

' colored and veined like the fallen leaves on which
they lir motionless, of hunting-spiders which
»yimic ower-buds, and of large caterpillarg which
resemble poigonous snakes,
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uals of their own kind about for the|ish transpirency of animals which
birds and lizards to feed on. Hence|live on the surface of the sea, the
in a very short time the desert would | gravel-like color of flat-fish that live
be depopulated of all but the greyest |at the bottom, and the gorgeous tints
and yellowest insects; and among!of those that swim among the coral
these the birds would pick out those| reefs.

which differed most markedly in hue| Among the secondary causes of
and shade from the sand around|modification of species among ani-
them. But those which happened|mals Darwin gives prominence to
to vary most in the direction of a,‘sexunl selection,” or the strnggle be-
saudy or spubty color would be most| tween males for the possession of
likely to survive, and to become the|females; the result being that the
parents of future generations. Thus, | stronger males secure mates, and
in the course of long ages, all the in- | transmit the qualities which have
sects which inhabit deserts have be-|given them the mastery to their off-
come sand-colored, because the least | spring. Every farmyard combat il-
sandy were perpetunally picked out for | lustrates the truth of Gilbert White's
destruction by their ever-watchful prose* and Schiller’s poetry :—

[

Fic. 72.—Walking-stick Insect.

foes, while the most sandy escaped,| }eanwhile unil Philosophy
and multiplied and zeplenished the|  Her workings will be carried on
earth with their own likes. ™ By Lunger aud by love, .

Thus, then, is explained the tawny [2id among the larger animals—as
color of the larger animals that in- |stags and deer, and notably sea-lionst
habit the desert, the stripes upon the | —the deadliest combats take place
tiger, which parallel with the verti-|at certain seasons fur possession of
cal stems of bamboo, conceal him |the females. But there is competi-
a8 he stealthily nears his prey, the!tion less fierce in character, if not
brilliant green of tropical birds, tho‘lp’““ fatal to H‘"’; weaker or unen-
leaf-like form and colors of certain' dow.ed, strength giving place to grace
insects, the dried twig-like form of |of form. brightness of coloni and
many caterpillars, the bark-like ap-
pearance of tree-frogs, the harmony
of the ptarmigan’'s sammer plumage| 1
with the lichen colored stones on | Tt decoutor fhe putler between ths wiaesfor
which it sits, the dusky color of crea- | Islauas. )

e % *Ar colors seert 1o be the chief external sexnal
tures that haunt the night, the blue- | aistinetion in many birds, these colors do not take
-- | place till sexnal attachments begin to obtain. And

*P. 97; and cf. G, A’w art, ‘Mimicry,” Encycl. | the cageis the same in quadrupeds, among whom, in
Brit. xvi. p. 341, l their younger days, the sexes differ but little; but

* White’s Selborne, letler xi., to Hon.A Daines
Barrington.

t Cf., Elliott's An Aretic Provinee, ch. x., for a




94 THE STORY
witchery of song, the foemales making
choice of the male who by his beauty
of form, color, odor, or voice, at-
tracts them most, or who, as among
the highest species, has wealth or
good gocial position.
done infirmity and ugliness.

It is clear that sexual selection
largely explains the development of
special features, which, transmitted in
increasing degree through a scrics
of generations, have contributed to
the survival of the fittest. For what-

ever these features may be, whether:

weapons of defence or attack, plum-
age and song of birds, color of but-
terflies, perfume as of the musk-deer,
or acrid tauste ag of the toad, their
presence is explained by their util-
ity, since, as with the flowers and
geents wherewith plants attract in-
sects to secnre fertilization, the pri-
mary function of color, form, orna-
ment, and whatever else has given
advantage to plant or animal over
ilg competitors, is its service to the
organism, and not, as man in his
fond delusion has assumed, the de-
light or profit which it has given to
him.

6. Natural selection tends to
maintain the balanece beticeen living
things and their surroundings. These
surronndings change; therefore liv-
ing things must adapt themselves
thercto, or perish.

In treating of the obseurity which
hangs around the ultimate causes of
variation, stress has been laid on the
ceuseless and elusively complex in-
terplay between organisms and the
medium which surrounds, quickens,
and nourishes them. As Gegenbaur
remarks.* the cnergies which cause

® Comp. Anaf. (English ¢d.), p. 7. ‘Thave heen
led to place somewhat more value on the definite
and direct action of external conditions.’ Letter
to Carns, May 1869, Larwin's Life and Lelters, iii.

109; and cf. letter to Moritz Wagner, October 1876,
ibrd. p. 159.

as they advance to maturity horns and shaggy
manes, beards and brawny necks, &c. &e., strongly
dircritninate the male from the female. We may
inatance still farther in onr own species, where a
beard and stronger features are usually charactert
istic of the male sex; but this sexual diversity does
not take place in earlier life; for a beautiful youth
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change in the organism either lic
without it, or for the most part are
to be sought for without it, the
range of variation of the plant being,
by reason of its fixed conditions, lim-

These last con- ited as compared with that of the

“locomotive animal.
| It has been shown already that the
touch of the medium was the first
quickener of variationin the rise of
the carlicst approach to unlikeness
at the surface, as in the membranous
film which envelops the lowest life-
forms, and, among the higher ani-
mals, in the gradual specialization
of lines of communication—the nerv-
ous system and sense organs—with
the outer world from infoldings of
the skin. The diffused sensitiveness
to smell, light, and sound became
loealized. the sense of touch remain-
ing general over the body-surface,
except where horny skin is secreted.
Obviously, therefore, the tendeney to
vary which inheres in living things
being stimulated by interaction be-
tween them and their surroundings,
the degree in which variations are
useful to living things—i e. in en-
abling them to win in the universal
struggle for food and place—deter-
mines, under the action of natural
selection, their survival.

The slow but ccaseless changes in
things without have involved adap-
i tive changes in all organisms except
ithe lowest. Seemingly, all things
remain ag they were from the begin-
‘ning. The range of our experience
jis too narrow, the time since scien-
itific observation of nature began is
, comparatively so recent, the changes
in living things often so beyond di-
rect detection, that we ecannot won-
|der at people’s reluctance to accept
" the theory that the countless species
*of plants and animals which have suc-
iceeded one another have a common
descent, through infinite modifica-
tion, from structureless germs. And,
lin fact, not only is life vastly older

shall be so like a beautiful girl that the difference
shall not be discernible.'—White’s Selborne, letter
| vi., to Hon. Daines Barrington.
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than any record of it, but the fossil
yielding rocks supply no key to the
origin of the leading groups, whose
representative types of to-day are so
little altered that every fossil as yet
found can be put into existing
classes. Hux'ey remarks that ‘the
whole lapse of geological time has
thns far yielded not a single new
ordinal type of vegetable structure,
and although ¢the poesitive change
in passing from the recent to the

ancient animal world is greater, it is’

still singularly small.’* The varia-
tionin ordinal type of animal struc-
ture is only about ten per cent. of
the whole.

Yet we know that nothing is
rigid; the earth records the gradual
ascent of life-forms in structure, and
the changes in its crust, in a serip-
ture that cannot be broken. The
agencies within, and the far more
potent agencies without, that have
wrought those.changes, pursue with
out panse their slow and sometimes
sudden working. The earth itself
speeds through space, heedless of
the freight of life that throbs and
struggles on its surface, and that at
last is laid to sleep in its bosom:
carecens and brings the seasons in
their sureness; spins and gives, un-
failing, the glory of the sunrise and
the sunset; and, in periodic changes
of its orbit, crowns at one epoch its
northern pole with vines and oaks
and water-lilies, and at another
epoch covers it with impassable ice.

Changes of climate and level, with
the alterationg in soil which they
bring about, profoundly affect food
and the power to obtain it. And
the necessity for food being a strong
—perhaps  the strongest——ﬁtimulus
to motion, the organism which the
rmore readily adapts itself to the
changed conditions, or is better
equipped to resist them, wins in the| —
struggle. The new functions to be
dlscharged involve changes in struc-
ture, because the organs exist for
the work which they have to do, not

*Lay Sermons, p. 216
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the work for the organs. Morcover,
‘changes which arise in the structure
are not limited to one part, the
whole organization being, in Dar-
win's words, ‘so tied together dur-
ling its growth and development, that
when slight variations in any one
part occur, and are accumulated
through natural selection, other parts
become modified.’ Take, for exam-
ple, the growth of the deor's antlors,
which in some specics attain a
weight of seventy pounds in a feow
iweeks,  The increased supply of
| blood which thisinvolves necessitates
‘readjustment of cireulation, and the
increased weight which the skall has
to bear necessitates more powerful
muscles and ligaments, with in.
creased strength of the bones to
which they are attached. More food
is needed to supply the energy thus
expended, involving more active di-
gestion, and therefore modification
of the digestive organs. Again, in
man the slow acquirement of an erect
position led to flattening of the feet,
and to projection of the heel as sup.
port; to altered position of the
head with its added weight of brain,
g0 as to be nicely balanced on the
spine, which became peculiarly
curved; and to the readjustment of
a large number of muscles. Then
there are the changes wrought after
long lapses of time by use and dis-
use, in the one case leading to the
development of organs, in the other
case to their decline.* ‘ThusI find,’
Darwin remarks, ‘in the domestic
duclk that tho bones of the wing
weigh less and the bones of the le,f,r
more in proporfion to the whole
skeleton than do the same bones in
the wild dnck; and this change may
be safely attributed to the domestic
duck flying much less and walking
much more than its wild parents,’+

*The queﬂtwn how far use and disuse are true
causes of change of organic type has long exercised
the attention of biologists, some among whom,
notably Professor Weismann, contend that changes
acquired by the individual are never transmitted.
But the argnments as yet adduced by him leave his
case not proven. The rubject is, however, too
technical for enlargement here,

tOrigin of Species, Animals and Plants.




96

or, more correctly, its wild ancestors.
But there are many changes in-
duced in organs by their use or dis-
use on the part of the animal which
are not transmitted; they die with
the individual in which they ozenr.
Like mutilations of parts of the body
which are practised through sue-
cessive generations of individuals,
they are powerless” to affect the
type.

It is to natural selection that we
must more often refer modifications
which, appearing as relies of struec-
ture common to lurge groups, have
a specious look of being due to in-
dividual use or disuse. Take the
familiar example of the true whale.
The epitome of its ancestry which

the embryo presents reveals its de-
geent from land mammals having!
short fore and hind limbs, scanty!
covering of hair, broad beaver-like
tails, teeth of different shape, and:
well-developed scnse-organs, espe-
cially of smell. These forefathers of
the whale probably lived in marshy
districts, and, being omnivorous,
sought their food in both swamp and
shallow water; but as conditions
more and more adverse to life on
land supervened, they were gradu
ally modified under the action of
natural selection into dolphin-like
creatures, living in fresh water, and
at last finding their way into the
ocean, from which the huge sca-
lizards of earlier epochs had disap-
peared, leaving these leviathans scope
‘to play therein.’” Hence are ex-

: rections,

plained the adaptive changes of
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most mammals, grew togellier; the
skin became hairless; and the teeth,
which appear in the young of the
true whale but are never cut, gave
place to hanging fringes of whale-
bone, in the meshes of which the
animal entangles the minute organ-
isms it feeds upon. In the seal,
which is the modified descendant
of land flesh-feeders, the hind legs
have been developed, while lhe lail
remains rudimentary.

The explanation iz that both
whales and seals are the pradually
modified descendants of ancestors
who, in virtue of their favorable
adaptation to altered conditions, sur-
vived under the agency of natural se-
lection, while the majority, being un-
fit or less adapted, perished.

Variety of readjustment Lo allered
surroundings, through like causes, re-
sulting in progress in kome diree-
tions and in stagnation in other di-
is further evidenced in
existing modifications of the coramon
mammalian type. We find one large
group—the plant-feeders—develop-
ing organs suited to their functions,
as teeth for grinding instead of for
tearing, large stomachs, and horny
or bony structures for combat, the
evolution of which in the deer's an
cestry is recapitnlated year hy year
in the individnal from the boss to the
noble branching antlers. In the
flesh-feeders we find that higher in-
telligence which the stealthy or open
pursuit of other animals required,
economy of bulk, great muscular
strength united to quickness of ac-

structure: the fore limbs were modi |tion, and teeth and claws adapted

ged into flippers enclosed in a fin-;for attacking and readily

Iike sac, but retaining the bones
corresponding to like structures in
other mammals, as in the arm of
man, the wing of the Dbat, and the
fore leg of the horse. Traces of !

seizing
prey.

In both groups we find progres-
sion of parts which in the Primates,
the group including man, are well-
I nigh stationary. Amomr this group,

the hind legs may be detected in a limbs, teeth, and organs S of digestion
few species; the tail. which acted‘h‘ne all been slightly modified, and
as a powerful swimming organ, be- no organs of defence or attack de-
came divided into two lobes; the!veloped. The explanation is that
head became fish-like in shape; the,lthese animalg, being unable to com-
seven bones of the neck, common to 1 pete with the larger mammals, took
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to an arboreal life, which indueed fow
variations of bodily strueture, the
most important being opposable

thumbs and great toes for grasping..

But the need for alertness against
foes sharpened their wits, and the
need of combination quickened the
social instincts, so that the energy
which in the flesh-feeders and the
plant-feeders was stored in limb and
musecle was diverted in the Primatcs
to development of brain. They thus
escaped the limitations of one condi-
tion, which determined the develop
ment of lions and rhinoceroses in a
given direction, and they preserved
the power to adapt themselves to
very diverse conditions. Whichever
among the arboreal creatures pos-
sessed any favorable variation, how.
ever glight, in structure of brain and

¥1a. 13.—Gorilla walkiong.
(From Huxley's Man's Place, in Nature, p. 49.)

sense-organs, would secure an advan-
tage over less favored rivals in the
struggle for food and mates and el-
bow-room. The qualities which gave
them success wonld bhe transmitted
to their offspring, the distance gained
in one generation would be increased
in the next, brain-power conquering
brute force, and skill outwitting
strength.

And while some of them remained
arboreal in habits, never moving
easily on the ground, although mak-
ing some approach to blpedal motion,
as seen in the shambling gait of the
man-like apes, others dewloped a
mode of walking on the hind limbs
which entirely set free the fore limbs
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as organs of support, and enabled
them to be used as organs of hand-
ling and throwing. Whatever wero
the conditions which permitted this,
the enormous advantage which it
gave is obvious. It was the making
of man. His bipedal and erect posi
tion involved exchange of tree-life
for life on the ground, bringing him
into new relations with his surround-
ings, and ultimately giving him the
mastery over them.

We see in lower animals, as the
elephant. the monkey, the opossum,
and the parrot, that their power to
grasp an objeet by reason of their
prehensile organs, and thus to learn
something about its nature, raises
them in the scale of intelligence:*
and when we find in man a yet more

'perfoet instrument to carry out the
“behests of his brain, we may see in

the interaetion of brain and lhand a
main - factor in  his development.
The structural differences between
him and the man-like apes are in-
significant; the impassable chasm
lies in his larger and more complex
thinking apparatus. The action of
natural selection hecame restricted,
except in minor changes, as of the
jaw, to his mental faculties. Yet
even in brain-structure the differ-
ences between him and the chim-
panzee are slight when compared
with the differences between the
brain of the chimpanzee and the
lemur. It is in the deeper fur-
rows and the more intricate con
volutions that the distinction lies;
but oven hero the gap between civ-
ilized and savage man is greater
than that between the savage and
the man-like apes.t Therefore, in
following evolution to its highest
operations and results, the compari-
son lies between the several races
of mankind. Darwin says that he
does not believe it possible to de-
seribe the difference between savage
and civilized man. ‘It is the differ-

*Ct. 8pencer’s Princtpies ofpxurholum/, i pp. 363—
T2,

1 Cf. Huxlev’s Man's Place in Nature, and his note
to ¢ hap. vii. of Descent of Man.
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Fie. 74#.—Hemispheres of Brain of Chimpanzee and of Man, showing relative

portions of the parts.
(From Huxley's Man's Place in Nature.)
a, posterior lobe ; b, lateral ventricle ; ¢, posterior cornu ; #, hippocampus minor,
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ence hetween a wild and tame ani-
mal; and part of the interest in
beholding o savage is the same which
would lead every one to desire to
see the Hon in his desert, the tiger
tearing his prey in the jungle, and
the rhinoceros wandering over the
wide plains of Afriea.” He deseribes
the Fucgians, who rank amongst the
lowcst savages, as men *whose very
gigns and axpressions are less in
telligible to us than those of the
domesticated animals—men who do
not possess the instinet of those
anumals, nor yet appear to boast of
human reason, or at least of arts
consequent on that reason.* Such
races are much neuwrer tu the ape
than to the Furopean, and it is from
like accounts of existing savages
that we may form some rough pie-
ture of *primitive’ man.

Doubtless he was lower than the
lowest of these—a powerful, cun.
ning biped, with keen sense-organs
(always shurper, in virtue of constunt
exereise, in the savage than in the
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the roving fashion of wild beasts.
No one then was a sturdy guider of
the bent plough, or knew how to
labor in the fields with iron or plant
in the ground young saplings. What
the sun and ran had given, what
the earth itself brought forth, was
guerdon enough to content their
hearts.™

Such, in broad outhne, was pro-
bably the gencral condition of the
earliest known wanderers, the rude
relics of whose presence are found
associated with the bones of hnge
extinet mammals in old river beds
and limestone caverns. As the suc-
cessive deposits and their contents
show, not till lorg ages had passed,
bringing mnew and settled condi-
tions, with knowledge of agriculture,
metals, and other useful arts, do we
find any marked progress among
mankind. Even that progress, often
checked in its zigzag course, and
,never an unmixed good, neither
'synonymous, as the many think,
with a nation’s imports and exports,

civilized man, who supplements them : has been confined to a minority of
by science), strong instinets, un-.the species and to a narrow zone,
confrolled and fitful emotions, small while, compared fo the antiguity of

faculty of wonder, and nascent rea-
soning power; unable to forecast to-
morrow or to comprehend yesterday,
living from bhand to month on the
wild products of nature, clothed in
skin or bark, or danbed with clay,

man, it is but as yesterday. The
enterprise of the higher races has
’explored and utilized large tracts,
iand the pressure of population at
the centres of civilization has within
quite recent periods vastly extended

and finding shelter in trees and their periphery; but whole empires,
caves; ignorant of the simplest urts, |like China, advancing to a certain
save to chip a stone missile, und stage, have, through isolation and
perhaps to produce fire; strong in|the tyranny of custom or dread of
his need of life and vague sense of | change, stagnated, whilst the lowest
right to it and to what he could get, : races have remained unmodified, like
bui slowly impelled by common: the lowest organisms, and have more
perils and passions to form ties, loose | or less succumbed before the im-
and haphazard at the outset, with, ported vices and the weapons of the
bis kind, the power of combination | white man. But the causes of
with them depending on sounds, arrest and of advance are alike com-
signs, and gestures. plex: man, like every other living

To quote the striking description  thing, is the creature of outward
from Lucretius, ‘during the revoln- | and inward circumstances, and many
tion of many lustres of the sun |influences have worked in the shap-
through heaven they led a life after ing of his destiny. Certainly, ex-

; Nuluralist's Voyage around the Worid, P 504, ed. * De Rerum Naturd, v. 933-938 ; and cf. odyssey, ix.
1879. 1

06-115.
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tremes of climmie luive been fatal
to advance beyond a given stage; it
is in the temperate zones that the
incentives exist to continuous and
indefinite progress.

In reviewing the several operations
by which species have arisen, it is
essential to bear in mind that natu-
ral selection is not causal, but only
directive. It is powerless to bring|
about the slightest variation in or- |
ganisms; it is all-powerful to pre-
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kind, with its degenerate races,
Bushmen, Fuegians, and, perhaps,
Australians; with its relics of ancient
civilizations, whose art we can only
feebly imitate, and whose types of
manliness we cannot hope to excel;
furnishes its monitions of the leth-
argy and love of ease which precede
the downfall of peoples.

Examples of persistence of type
arc supplied in the unaltered condi-
tion of the simplest forms since the

serve variations ‘beneficial to thelappearance of their earliest known
being nnder its conditions of life; .. representatives. Their simplicity has
- . it can do nothing until favorable been their salvation. A high organi-
individual differences occur, and un- . zation brings with it many disadvan-
til a place in the natural polity of the | tages, for the more complex the

country can be better filled by some
modification of some one or more of
its inhabitants.'* Moreover, sined
it tends to estublish balauce between
life and its surroundings, it does not
imply all-round development of the |
higher from the lower. Its keynote.
is adaptation. To quotc Herbert:
Spencer's remarks on the erroneous .
conception of evolution as implying:
that everything has an éntrinsic ten-
deney to become gomething higher.
‘if in the ease of the living aggre-
gates forming a species the environ-
g actions remain constant from
gleneration to generation, the species
remaing constant. If thoso actions
change, the species changes until it
i8 in adjustment with them. But it
by no means follows that this change
in the species constitutes a step in
evolution. TUsnally neither advance
nor recession results; and often, ccr-
tain previously acquired structures
being rendered superfluons, there re-
sults & simpler form. Only now and
then does the onvironing change
initiate in the organism a new coni-
plication, and so produce a somewhat
higher type.’t

The parasites notably, the seca-
squirts, lancelets, and the marvellous
rotifers, are examples of recession.
Nor these alone; the history of man-

* Ori_rp'nq/"Spfczrs., An. and PL,i. 6-8, chap, xxiv,
-xxvi.; Heuprin, pp. 125, 212,

+ Prineiples of Socinlogy; Huxley's Amer. Add.; and

in Letter to Lyell, Darwin's Life and Letters, ii. 210.

structure the more liable is it to
get out of gear. We cannot have
highly convoluted brains, and at the
same time digestive organs simple
and renewable like those of the sea-
cucumber. Death is the price paid
for complexity.

Of the propositions expounded in
the present chapter this ig the sum:
—No two living things are exactly
alike. Their inherent tendency to
vary is excited by their surround-
ings, on which all life depends, and
to changes in which they must adapt
themselves or perish. Every living
thing transmits its qualities, and
therefore, among them, its varia-
tions, to its offspring; the more use-
ful the wvariation, the better is the
plant or animal equipped in the
struggle for life. For as all living
things tend to multiply zo rapidly
that the earth would be too small in
u very short time for a single spe-
cies, a fierce and ceaseless struggle
is waged, chiefly between the same
species, for food and place. The re-
sult is that by far the larger number
never reach maturity, or are killed
and eaten. In the long result varia-
tions give rise to new species.

The only assumption at the base
of Darwin's theory is that sufficient
time has elapsed since the beginning
of life for the development of all past
and present species of plants and
animals from a common ancestry.
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As to the age of the earth, more es |desce11L in fivefold: viz. 1, by em-
pecially as a fit and possible abodebryology, or likeness in their be-
of life, geologists and physicists are ginnings and development; 2, by
not agreed. The geological esti morphology, or structural likenesses:
mate rests chiefly upon the rates at 3, by their classification: 4, by their
which the deposit of sediment, or|suecession in time; and 5, by their
the wearing away of soil by rain and ' distribution in space.

rivers, i& going on; but that esti
mate 18 based upon the assumption
that present changes are the meas.

1. Embryology.-—The eoggs or
germs from which all organisms
spring are, to ontward seeming, ex-

ure of past changes. whervas uni 'uctly alike. nud this likeness persists
form action does not exclude the|through the earlier stages of all the
possibility of great and sudden revo | higher animals, cven after the form
lutions.  On the whole, the argn-'is traceable in the ocmbryo. In
ment from geological evidence is proof of this Darwin guotes the fol-
strongly in favor of the lapse of not:lowing from Von Baer. the discoverer

much Jess than one hundred million
years since the earliest life-forms ap-

t
d
o

Fi1c. 75.—Dog (4 weeks).

Magnified about seven diameters.

this remarkable fact:—

[ of
| ‘In my possession are two little

Man (4 weeks).
(After Hweekel.)

a, gill-arches : &, mid-brain; ¢, eye ; d, nose; ¢, fore-brain , f, fore-leg; g, hind-leg.

peared and the oldest stratified rocks
began to be laid down. Thisis much
longer than the physicists, reasoning
from the origin and age of the sun's
heat, the rate of the earth's cooling,
and other data, are willing to allow.
But, however the question may he
finally settled, the rosult eannot af-
fect the cvidsnce in support of the
theory of descent.

CHAPTER X.
PRCOFS OF DERIVATION OF SPECIES.

TrE evidence supplied by living
things in support of their common

embryos in spirit, whose names T
have omitted to attach, and at pres-
ent T am quite unable to say to what
class they belong. They may be
lizards, or small birds, or very young
mammalia, 80 cowmplete is the simi-
larity in the mode of formation of
the head and trunk in thesc animals.
The extremities. however, arc still
absent in these embryos. But even
if they had eoxisted in the earliest
stage of their development we should
learn nothing, for thefeet of lizards

'and mammals, the wings and feet of
"hirds. no less than the hands and

feet of man, all arise from the same
fundamental form.”* In further evi-

*Origin of Npecies,
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dence of this interrelation of living
things, their embryos, as we have
seen, epitomize during development
the series of changes through which
the ancestral forms passed in ther
ascent from the simple to the com
plex; the higher structures passing
through the same stages as the low
er structures up to the point when
they are marked off from them, yet
never becoming in detail the form
which they represent for the time
being. For example, the embryo of
man has at the outset gill like slits
on each side of the neck like a fish,
these give place to a membrane like
that which supersedes gills in the
development of birds and reptiles;
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millions of years, and set before us
the history of his development from
fish like and repulian forms, and of
his more immediate descent from a

| huiry, teiled qnadruped. That which

is individual or peculiar to him, the
physical and mental character in-
herited, is left to the slower develop-
mwent which follows birth.

Besides the past history which the
embryo recapitulates, there are the
rudimentary structures of which rel-
ics remain us witnesses to the former
close connection of organisms. Among
these are teeth in feetal whales, rem-
nants of hind limbs in certain snakes,
wings under the wing-cases of in-

sects that do not fly, rudiments of

Fia. 76.—Tortois~. (4 weeks).
a, gill-arches; b, ear; ¢, eye,d, nose ; ¢, fore-brain ; f, fore-leg : g, hind-leg.

the heart is at first a simple pulsating : pointed ears and of a third eyelid in
chamber like that 1n worms; the%man, abortive stamens in plants, as
back-hone is prolonged into a mov- in the snapdragon, and so forth.
able tail; the great toe is extended:lixcept as evidence of the modifica-
or opposable, like our thumbs and tion of life-forms, in which they oc-.
like the toes of apes: the body three cur from other life-forms, and of per-
months before birth is covered all sistency of type, these vestiges of or-
over with hair except on the palma;gans are meaninglcss; the functions
and soles. At birth the head 1is rel- they once dischargod havelong ceased,
atively larger and the arms relatively  heing exercised only in other and
longer than in the adult: the noseis|allied living things where they are
bridgeless; both features, with|found fully developed.

others which need not be detailed, 2 Morphology.—Large groups of
being distinctly ape-like. Thus doesspecies, whose habits are widely dif-
the egg from which man springs, a: ferent, present certain fundamental
structure only one hundred and:likenesses of structure. The arms of
twenty-fifth of an inch in size, com- 1 men and apes, the four-legs of quad-
press into a few weeks the results of : rupeds, the paddles of whales, the
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wings of birds, the hreastfing of
fishes, are constructed on the same
pattern, but altered to smt their
several functions. Nearly all mam-
mals, from the long-necked giraffe to
the short-necked elephant, have seven
neck-bones; the eyes of the lamprey
are moved by six muscles which cor-
respond exactly to the six which work
the human eye; all insects and crus-
tacea—moth and lobster, beetle and
cray-fish—are alike composed of
twenty segments; the sepals, petals,
stumeng, and pistils of a flower are
all modified Il)ea.vesx arranged in a
spire. Such facts need no comment.

Fra. 77.—A, Arm of M n. B, Fore-leg f Dog.

.ment, both of the life that is and
i that was, is that of a tree with short

trunk, indicating common origin of
the living from the non-living, and
divided into two large trunks repre-
senting plants and animals respect-
ively. From each of these startlarge
branches representing classes, the
larger branches giving off smaller
branches represerting families, and
so on with s_uller and smaller
branches representing orders and
geners, until we come to leaves as
representing species, the height of
the branch from which they are
hanging indicating their place in the

0, Wing of Bird.

h, humerus : r, radius; », ulra; ¢, carpus; m, metacarpus ; p, phalanges ;

3. Classification.—It has hbeen
shown somewhat in detail that all
plants fall into two main gronps, the
flowerless and the flowering, and that
all animals may be reduced to three
types: (1) those without body cav-
ity; (2) those with body cavity; (3)
those with digestive cavity separate
from body cavity. And the general
likenesses of strueture upon which di-
vision into sub-kingdoms is based
having been. given in the chapters
on existing life-forms, it here suffices
to repeat that the old attempts at a
linear arrangement have failed, and
that the only true mode of present-

growth of the great life-tree.

4. Suecession.—Each formation has
ite peculiar groups of fosgil remains
representing the life-forms of the
period; the older the rock, the sim-
pler are its organic contents; and,
what is of no mean importance,
although transitional forms are from
their nature fewer and less perma-
nent than forms which have "arrived
at balance with their surroundings,
the fossil-yielding rocks have dis-
closed the existence of several hither-
to missing links between species.
Reference has been made to the
proofs of descent of the onetoed
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horso of to-day, with his knee corre-
sponding to our wrist or ankle, from‘
the five-toed primitive horse found |
in the Eocene beds of North America,
and to the connecting link between
birds and reptiles supplied by the
archeopteryx. To these may be
added, among others, the compsog-,
nathus, with its swan-like necek, its.
toothed jaws, and hind limbs on:
which it walked. Then there are lhe
links between pigs and hippopota-|
muses in the anoplotherium ; between
tapirs, horses, and rhinoceroses in
the paleotherium; between seals and

F1¢. 78.—Comprognathus.

whales; between sloths and beavers;
between lemurs and man-like apes:
and in the Devonian strata forms oc-
cur which are considered intermedi-
ate between ganoids and mud-fishes.
Thus one by one the blanks are heing
filled up; the faith of the biologist is
justified by his works.

6. Distribution.—Emerson sayvs
that *the man of this age must be
matriculated in the university of sei-
ences and tendencies flowing from
all past periods;’ and certainly if
we would know something of the
complicated subject of the geograph-

ical distribution of plants and
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animals we must study the past as
well as the present, and learn both
from geologist and astronomer, the
one telling us of the shiftings of
land and water, and the other ac-
counting for the great -climatal
changes that have swept over the
globe.

Every living thing has its definite
area of range: the sloth is peculiar
to America; the hippopotamus to
Africa; the chamois to the Alps
The higher we eclimb, the bhardier
and moro stunted is all vegetation ;
tropical plants perish in cold or
even temperate zones; Arctic plants
wither under the equator; while a
vast number of plants flourish only
in water, their primeval life-home.
Among animals a few, notably man
and the cat genus, have spread
themselves well-nigh everywhere, but
as a rule certain life-forms—and this
holdg good of their fossil repre-
sentatives also—are restricted to
certain regions. Hence the land
has Dbeen divided into life-regions
corresponding to that distribution,
and the water into life-regions meas-
ured by the limits of depth at which
marine forms are found. Speaking
broadly, the plants and animals of
countries in unbroken -conncction
resemble one another, while those of
countries remote or cut off are un-
like. But although, at first sight,
climate and separation would appear
to account for this, there are like-
nesses and unlikenesses which are
not to be thus explained. In fine,
cxceptions meet us at every turn.
Great Britnin and New Zcaland are
much alikke in general conditions,
vet the lifeforms of New Zealand,
now being fast supplanted by alicns,
are the little-altered survivors of

‘plants and animauls once dominant

over the globe. On the other hand,
48 Mr. Wallace tells us, the English-
man visiting Japan finds its woods
and fields tenanted by the singing
birds familiay to him at home.
Tapirs, whose origin in the north-
western parts of the Old World is
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indicated by their fossil vemains in
Miocene beds, are now separated by
nearly half the globe’s circumference,
being found only in South America
and Malacea, while the man-like apes
are found only in West Africa and
Borneo.

But puzzling and scemingly capri-
cious as is the distribution of life,
the general causes are not far to
seck.

Distribution is due to the slow but
ceaseless migration and transport of
living things rendered necessary h
their rate of increase. While climate
has much to do with it in compelling
organisms, in proportion to their
power of dispersion, to shift their
quarters, the struggle for life be-
tween them hias had more influence
still, so that the past and pros-
ent habitats of plants and animals
throw welecome light not only on
changes in the relations of lund and
water, but also on the origin of
species.

Where unallied forms are found
on the same continent we may infer
that the physical barriers betwe<n
them have been permanent through
long periods: where allied forms
which are unable to cross the seas
are found in lands now separated, as
in Britain and Japan, in South
Europe and North Africa, we have
evidence of former union. The de-
gree in which life-forms have been
modified give some key to the re-
moteness of that union; as, for ex-
ample. when we find more ancient
types in New Zealand than in Aus-
tralia, and more ancient types in
Australia than in Madagasear.

Islands afford important aid in
the study of the intricate problem
of distribution. They are of two
kinds, continental and oceanic. The
continental, as the British Isles,
Japan, ancient Madagascar with its
lemurs, and New Zealand with its
wingless birds and Hatteria lizard,
have been broken off from the main-
land. The oceanic, as the Azores

|
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ur coralline formation, and depend
for their life-forms upon their rela-
tive position to the mainland, and
also to the winds and ocean currents
that prevail. Exclusive of animals
introduced by man, they are found
destitute of frogs and other batra-
chians; alsvo of mammals, bats ex-
cepted; the explanation being that
sea water kills frogs and toads and
their spawn, and that only fiying
animals can cross the ocean. For
this reason bats, at least the inseect-
eating gpecies, are found cverywhere,
except ut the poles; and the range
of birds, although defined, is much
wider than that of all the larger and
wingless land animals *

Isolated islands like St. Helena
are peopled with waifs and strays
from all quarters, while in continen-

"tal islands like our own the life-forms

are, for the most part, identical with
those of the nearest mainland. But
here, again, exceptions exist. The
islands of Bali and Lombok in the
Malay Archipelago, although only fif-
teen miles apart, differ far more from
ench other in their birds and quad-
rupeds than do Fngland and Japan,
the birds being extremely wnlike.t
As shown by the deep soundings,
Bali belongs to the Indian region,
and Lombok to that zene of ‘living
fossils,” the Australian region. Aus-
tralia contains only the lowest mam-
mals, as duckbills and kangaroos—

for there is little doubt that the

dingo or wild dog was introduced by
man—witnessing to its severance
from Asia millions of years ago dur-
ing the Secondary epoch. It is an
ancient and little altered fragment,
T)'I‘(:‘SPTVIH“' as in a museum ﬂxe fW pes
of plnnts and ammals which were

* Although the dispersal of the larger animals is
instanced in this sumwary of tacts of distribution,
1t shonld be added that far more striking, if less
obvious, evidence counld be cited from the dispersal
of ingects. Their great powers of flight, and their
extreme lightnesg, cause them to be transported
enormous distances by the wind; their eggs and
larve, deposited in the bark or crevices of logs,
ere cerried with these as they float to far-off
shores, while their immense antiquity largely ex-
plains the wide areas over which they range. Cf.
Island Life, p. T5.

and Sandwich Islands, are of volmmc| +Tbid., p, 4.
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then dominant on the great shifting
land areas, and from which the
higher forms have been developed.
Oceanic islands, with therr popu-
lation of birds, flying insects, and a
few creeping things, are the refuge
spots of castaways. Strange are the
ways and means of dispersal.
waft the light seeds of plants to
great distances: currents drift to
far-off shores icebergs laden with

Fic.

79.—Dinornis elephantopus, New
Zealand.

earth and seeds, or masses of float-:
ing vegetation, sometimes so matted

with soil as to form island rafts,
with trees upstanding, and carrying
with them not only numbers of
grubs and eggs of insects, but even
large animals. Darwin found bee-
tles swirnming in the open ocean
seventeen miles from land; and one
evening when ten miles from the

Winds '
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i Bay of Sun Blas, in Lhe Pacific, the

air was thick with butterflies—it
snowed them. as the sailors said.
'But the most remarkable instance
-cited in his Journal is the arrival
lof a grasshopper when the ship was
,three hundred and seventy miles
from the coast of Africa. Birds are
| important agents in plant distribu-
‘tion, transporting seeds embedded
in dirt sticking to their fesl or beaks,
i or tho barbed seeds of certain plants,
1ag the hook-like spikes of the curi-
ous Uneinia, which eling to their
feathers, or the undigested seeds
and stones of fruits which are
passed through their hodies. A
swift-winged bird may drop cherry-
stones a thousand miles from the
tree they grow on; a hawk, in tear-
ing w pigeon, mmy scatter from its
crop the still fresh rice it had swal-
lowed at a distance of ten degrees
of latitude. Among the rany sng-
gestive experiments which Darwin
made in this matter, he cites the
case of the leg of a wounded par-
tridge to which a ball of hard earth
weighing six and a half ounces ad-
hered. The earth had been kept
for three ycars, but when broken,
watered, and placed under a Dell-
glass, no less than eighty-two sepa-
rate plants of ahount five distinct
species sprang from it.

Very important also, although
more remote in its ultimate results,
is the agency of man, especially of
civilized races, in the distribution
of life. Both with and withont in-
tent he  distributes and destiroys,
as his needs or caprices demand.
Clearing forest, draining lake and
bog, reelaiming land from sea, or
uniting ocean with ocean. he dis-
turbs, or mingles, or kills their life-
forms. He imports strange plants
and noxious icsects in his merchan-
dise; the sheep-walks of the antip-
odes are cursed with the fecund
rabbit, and their river beds choked
with our water-cress; while the
European rat has left our shores as
a stowaway to oust the native rat
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wherever it goes, as the white maniand clothing, from wild species, lus
ousts the colored man. But man. cious from sour and dwarfed varieties,
blesses as well as curses; he trans-iand developed domestic animals, the
ports the healing cinchona plant from . dog probably earliest of all, from the
Peru to India, or the salinon ova, fierce beasts of the forest and the

from our native streams to the rivers
of Australia; and to him is due the
reintroduction of the horse into
America, which had been extinet

there long before the arrival of:

Columbus. *The Aoréus siccus of a
botanist may accidently sow seed
from the foot of the Himalayas on
the plains that skirt the Alps; and
it is o fact of very familiar observa-
tion, that exotics, transplanted to
foreign climates suited to their
growth, often escape from the flower-
garden and naturalize themselves
among the spontaneous vegetation
of the pastures. When LLe cases

! field.

| Enough has been cited to show
| that no preordained scheme of fitness
for their several habitats has placed
plants and animals where they are
found. Remembering what has been
said about the probable polar origin
of life, we are prepared to find that
so far as most of the higher forms
are concerned, our best authorities,
with Mr. Wallace at their head, in-
cline to the theory of their develop-
ment in the Xuro-Asiatic continent
when the temperature was compara-
tively warm from the pole to the
antipodes. The wave of migration

containing the artistic {reasures of | rolled over the Old World far south
Thorwaldsen were opened in the| by routes now long submerged, and
court of the mmeenm at Copenhagen into the New World, where other
where they are deposited, the strawlife-forms appear to have been de-

and grass employed in packing them
were scattered upon the ground, and
the next season there sprang up
from the seeds no less than twenty-
five species of plants belonging to
the Roman Campagna, some of which
were preserved and cultivated asa
new tribute to the memory of the
great Scandinavian semlptor, and at
least four -are said to have spon-
taneously naturalized themselves
about Copenhagen.’®

It surprises one to learn how many
of our familinr flowers are foreigners,
which happy chance or wise intent
have acclimatized. The daisy and
the violet are natives but not the la-
burnum and jasmine, nor

Sweet William with his homely rottage amell,
And stocks in fragraut blow.

While needless destruction has
often followed in the wake of man,
as he kills out of sheer wantonness,
or secks profit by gratifying the
cruel freaks of fashion, his enterprise

and needs have, on the other hand,;

rid the earth of harmful and baneful
plants and animals. produced food

* Marsh's Man and Nature, p. 67.

: veloped, by a northerly route. One
; among several proofs of the existence
of an old land connection beween
North America and Europe is sup-
plied by the musk-sheep (or musk-ox),
which flourished ages ago in Eurasia,
(and is now confined to Greenland.
'And it is interesting to note that
Ithe path taken by some birds in
!their migrations give further clue to
other ancient land connections.*
Incapable as they are of crossing the
wide oceans, we ind them migrating
between Europe and Africa by way
of Greece, Malta, and Gibraltar, the
three points at which the two con-
tinents were formerly united. They
follow instinetively the route which

*'A hird may travel fronm England to the equator
withoutlaunching out and exposing itself to hound-
less sens, and that by crossing the water at Dover,
and again at (vibraltar, .. Wheun arrived there
‘ the birds do not— .

! « Ranged in figurs wedge
; .

their way,

. and set forth

Their airy caravan high over seas

| Flying, and over lands with 1nutual wings

Easging their flight *—(Millon),

| but scout and burry along in little deteched parties

i of gix or seven, and sweeping low, just over the

| surface of the land and water direct their courss

| to the oppostte continent at the narrowest passage
they can find.'—White’s Selborne, letter ix., to the

l Hou. Daines Barrington.
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their ancestors have tuken for count-
less seasons.

Widespread as is the distribution
of the races of mankind, they are
probably of common origin. All of
them being fertile with one another,
they are to be classed as varieties of
one species, whose physical and
mental diffcrentiations from their
nearest congeners, the highest apes,

had been acquired before their dis-;

persion. The modifications which
exist have been developed through

the potent ageney of natural and.
sexual selection acting upon vari-

ations induced by diverse conditions
—conditions which have surrounded
man in virtue of his migrations from
pole to pole, and which have ecalled
his industry and resouwrce into full
play. Perhaps tbe wmost sbriking il-
lustration throughout history of the
rapid rise of a variety is supplied by
the Anglo-Ameriean race, the vigor
of which may be primarily due to
the blending of many bloods, pre-
Celtie, Celtic, Saxon, Norman, and
Dane, in its British ancestry.

*That many and serious ubjections
may be advanced against the theory

of descont with modification through :

variation and natural selection I do
not deny. I have endeavored to
givo them their full foreo ™ The

gixth, seventh, and tenth chapters of

the *Origin of Species’ are proof of
this. Darwin shirked no difficulty,
and in laying stress upon whatever
told against his theory he made its
foundations more sure. One great,
but unduly  overrated, stumbling-
block—the absence of intermediate
forms in the fossil-yielding rocks—
has been removed by the digcovery
of many more connecting links in
the long chain of life than could be
expected when we take into account
the small minority of ancient forms
which have escaped the havoe of the
past, and when we remember how
much smaller are the chances in
favor of the preservation of the more
fragile, rare. and unstable transition-
:Origin of Species.
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al forms (han of the species which
they connect.

Another leading objection, drawn
from the barrenness of hybrids*—
as e.g., of the mule—loses much of
its force in view of the numerons
oxamples to the contrary, both in
plants and animals, asamongst gen-
ers of the thistle and of the labur-
num, and as in the cases of fruitful
hybrids of sheep und goals in Chili,
and of hares and rabbits in France.}
But, as against natural selection,
the real diffieulty lies in tha inter
breeding of species developed by
selective breeding from a common
stock. For example, the different
species of pigeons have been devel-
oped from the wild rock-pigeon, and
‘these are fertile with one another,
| which would seewn to tell in favor of
ithe fixity of species, unless the car-
‘rier, pouter, and tumbler ure, after
rall, to be regarded only as varieties
jor subdivisions of species. The
matter. however, is too abstruse for
these pages, and, moreover, it has no
weight as against the theory of de-
rivation. We know very little as to
‘the complex conditions ruling fertil-
ity and barrenness; we know that
the reproductive organs are peculiar-
ly sensitive tu altered habits and
surroundings ;s and we know, further,
that it is through changes in those
jorgans that the barriers to inter-
'.breeding have arisen, and the con-
Isequent multiplication of countless
intermediate varicties been arrested.
Happily, the Darwinian theory has
no fulal element of rigidness in it,
and those who would mould it into
a dogma. know not what spirit they
are of It admits of alterations in
detail at the Dlehest of fresh facts,
and of such correction of proportion
as time alone gives to things new
and near. But the truth of the
theory of which it is a subordinate
part will thereby stand out the clear-
er, and the full accord of past and

¥ Animals and Plants. ii.
passin,

t1lmekel’s Hist. of Creation, i. 145-149.

130-136, and ch, xix
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present to the oneness of things ap-
pear more manifest.

CHAPTER XI

SOCIAL EVOLUTION.

1. Evolution of Mind.—If the
theory of evolution be not universal,
the germs of decay are in it. And
here we pass from whut is interesting
to what is of serious import for us,
because if the phenomena of mind
are not capakle of the like mechani-
cul explanation as the phenomena of
stars nud planets, and of vegetable
and animal life, evolution remains
only a speculation to fascinate the
CNT1I018.
no rule of life or motive to conduct,
and man, ‘the roof and crown of
things, would be the sole witness
againgt their unity and totality. If
there be in him any faculty which is
no part of the conterts of the uni-
verse, if there be anything done by
him which lies outside the range of
causation, then the doectrine of the
Conservation of Energy falls to
pieces, for man has the power to add
to that which the physicist demon.
strates can neither be increased mnor
lessened. |

The ground already covered need
not be retrodden to show that man
is one in uliimate beginnings, and in
the stuff of which he is made, with
the meanest Hower that blows, and
that in mode of development from
the egg to the adult state there is
exact likeness between lim and other
mammals. But some repetition of
the process of mental development
from the lowest life-forms to the
highest is needful.

‘Strueture for structure,” remarks
Professor Huxley, * down to the min-

It can, in that casc, furnish !

‘ject.

{ from moment to moment.
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Cut a nerve, and the evidence
of paralysis, or of insensibility, is
the same in the two cases; apply
pressure to the brain or administer
a narcotic, and the signs of intelli-
gence disappear in the one as in the
other. Whatever reason we have for
believing that the changes which
take place in the normal cerebral sub-
stance of man give rise to states of
conscivusness, the same reason exists
for the belief that the modes of mo-
tion of the cerebral substance of an
ape, or of a dog, produce like ef-
fects. ™

Let us begin, however, at the bot-
tom of the life-szale. The lowest
things, beirg organless, or alike all
over, respond to touch, ‘the mother-
tongue of all the senses,’ in every
part, sunply changing their shape
A step
higher we find forms in which un-
likenesses in parts bogin to show
themselves—e. g. in the formation of
s layer at the surface; and here the
responses to the stimuli, as they are
called, become localized, because the
movements set up by the stimuli take
place, like all modes of motion, along
the lines of least resistance. These
movements give rise to changes in
the structure of the organism, driving
the molecules out of their places, and,
following in incredibly rapid suec-
cession, finally lay down permanent
nerve-tracks, built up of the more
sensitive parts of the skin. All
sense-organs, whether the whiskers
of a cat or the eyo of a man, all the
wondrous nebwork of nerves and the
brain itself, have thus originated.
Practice makes perfect; and, as the
resnlt of their incessunt repetition,
the lowest and simplest nerve-ac-
tions, known as reflex, take place
automatically in plants and animals.
Such are the contractions of an
amceba or of the leaves of a mi-

utest microscopical details, the eye, |mosa, the shutting up of an oyster
the ear, the olfactory organs, the:when the shell is touched, breathing,
nerves, the spinal cord, the brain of' the action of the heart, winking of
an ape, or of a dog, correspond with!the eyes—in short, all actions which
the same organs in the human sul-| -

* English Men of Letters, Tlume, p. 105.
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are performed unconsciously, and
repeated in virtue of the tendency to
do them being innate in the struec-
ture which each organism inherits
from its ancestors. Besides these
natural reflex saections, there is a |
group of artificial reflex actions which
our higher intelligence enables us to
aequire, as the arts of reading, play-
ing instruments, &e.

As every one knows it takes a sol-
dier a long time to learn his drill—
for instance to put himself into the
attitnde of ‘attention’ at the instant
the word of command is heard:
but after a time the sound of the
word gives rise to the det, whether
the soldier be thinking of 1t or not.
There is a story, which is credible
enough though it may not be frue,
of a practical joker, who, seeing a
discharged veteran carrying home his
dinner, suddenly called out ¢ Atten-
tion!’” whereupon the man instantly
brought his hands down, and lost his
mutton and potatoes in the gutter.
The drill had been thorough, and its
effects had become embodied in the
man's nervous structure. The possi-
bility of all education is based upon
the existence of this power, which
the mnervous system possesses, of
organizing conscions actions into
more or less unconscious, or reflex.
operations.*

Instinet is a higher form of reflex
action. The salmon migrates from
seqa to river; the bird makes its nest
or migrates from one zone to another
by an unvarying route, even leaving
its young behind to perish; the bee
builds its six-sided cell; the spider
spins its web; the chick breaks its
way throngh the shell, balances it-
self, and picks up grains of corn;;
the new-born babe sucks its mother's|
breast—all in virtue of like acts on the
part of their ancestors, which, aris.
ing in the needs of the creature, and
gradually becoming automatic, have
not varied during long ages, the
tendency to repeat them being trans-
mitted within the germ from which

* Huxley’s Elementary Physiology, p. 306.
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ingect. fish, bird, and man have
geverally sprung.* Touching on
larger matters for a moment, even
the so-called necessary truths and
innate ideas of the mind, as of time
and space, take their place among
transmitted experiences. ‘Being,
as Herbert Spencer says, ‘the con-
stant and intinitely repeated ele-
ments of thought, they must become
the antomatic elements of thought
of which it is impossible to get rid.’
More than a century ago Gilbert
White remarked that ‘the maxim
that defines instinet to be that
secret influence by which every
species is compelled naturally to
pursue at all times the same way or
track without any teaching or ex-
ample, must be taken in a qualified
sense, for there are instanccsin which
instinet does vary and comform to
the eircumstances of place and con-
venicnee.'t Herein that delightful
observer, perhaps without suspect-
ing what he was conceding to the
brute, indicates where instinet pass-
es into Reason. For the main dif-
ference between the two is that
while the one is done because the
animal cannot help doing it, and has
no knowledge of the relation between
the end and the means, the other is
the conscious adjustment of means
to ends—selection as the result of
reflection. In the one there is no
pause, in the other there is a measu-
rable interval; the stimuli to action
are more complex and less rapid,
giving time for that perception of
likenesses and unlikencescs in things
which is essential to rational action.
This is manifested by all animals ex
cept the lowest, which, however,
form the vast majority. The latter
start fully equipped for their fune-

*An interesting illustration of this was supplied
by a St. Beruard dog belonging to arelative. The
dog was born in Londou, and taken into the coun-
try when a puppy. Aftera few months a sharp fall
of snow happened, and ‘Ju,” who had never eeen
snow before, was frantic to get outdoors. When
she was sot free. she rolled in the snow, bit it, and
dug it up with her clawe as if resciling some buried
traveller. The sawe excitement was shown when-
ever snow fell

tLetter Ivi., to Hon. Daines Barrington.
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tions: their actions are roflex and,man species, thongh far less than
unvarying from birth to death. But:that of any other anmimal, is still enor-
in the higher animals the sume men-;mous. It is computed that more
tal processes are apparent as in man. . than seven hundred million human
There is not a faculty of the buman beings are every century pounded
mind which is not possessed in less back to nothingness without know-
er or greater degree by them: often- ing that they ever lived, to which
est in lesser degree, sometimes in have to be added the vast number
larger degree, as m the showing that die in early childhood, and the

forth of affeetion and devotion that
puts man's selfishness to shame.
Where some of the highest animals
approach bim, although longe inter.
vailp, is in their passage through
aperiod of helpless infancy, because
the brain and connecting apparatus
are not complete at birth; and in
this les the explunation of the
capacity for receiving instruction
and for profiting by experience,
which reaches its fullest development
in man. And it is because the
knowledge that is gained, and the
habits that are acquired, in early life
abide with us, deternuning character,
thut the importance to ourselves and
to others of learning what is true,
and of cultivating what is good. is
paramount. Vast, therefore, as are
the differences between the highest
and lowest mental actions, there is
no break in the series which, starting
with the reflex movements of an
amceba or of a carnivorous plant,
advanees along the line of animal
instinet and intelligence, and ends
with the complex movements of the
brain of civilized mnan, with its infinite
modes of response to infinite stimuli.

2. Eeolution of Society.—Like
every other species, man multiplics
beyond the means of subsistence.
Civilized races arc more prolific than
savage races. Under prosperous
conditions they double their numbers
in a quarter of a century, a rate at
which the present population of the
United States alone would in six hun-
dred and fifty years cover the ter-
ragqueous globe so thickly that four
individuals would have to stand on
each square yard of surface* Con
sequently the mortality of the hu-

* Descent of Man.

" wholesale destruction of communities
by wars, pestilences, famines, and
catastrophbes. In varvious ways natu-
ral selection weeds out the least fit;
and although under civilized condi-
ltions the weak and discased are
jcoddled and even permitted to
‘multipy their kind, this check is too
local to affect the larger result,
while that which the race might gain
tin physique by its removal is not to
be compared to the loss that would
tensue from the repression of mercy
iand gsympathy. In a barbaric soci-
ety, or among the civilizations where
infanticide were practised, weaklings
like Newton and hunchbacks like
Pope would have been left to perish:
|modern civilization spares them, and
jhumanity is enriched by their gen-
ius.

When the weeding process has
rdone its utmost. there remains a
i sharp struggle for life between the
SUrvIvors. Man’s normal state is
therefore one of conflict; further
back than we can trace, it impelled
the defenceless bipeds from whom
he sprang to unity, and the more so
becaunse of their relative inferiority in
physigue to many other nnimals. ‘The
range of thal unity continued narrow
long after he had gained lordship over
the brute; outside the small combi-
nations for securing the primal needs
of life the struggle was ferocions,
and, under one form or another,
rages along the line to this day.
*There is no discharge in that war.
It may change its tactics and iis
| weapons: among advanced nations
the military method may be more or
less superseded by the industrial,
and men may be mercilessly starved
instead of being mercifully slain;
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but be it wur of curups or markels, !
the ultimate appeal is to force of
brain or muscle, and the hardiest
or craftiest win. In some respects
the struggle is waged more fiercely
than in olden times, while it is un-;
redeemed by uny element of chivalry.

Moreover, the greater strength of
man's emotions, and the persistent
eraving for excitement, acting upon
his inherited savage inslincts, huve
made that struggle more terrible in
his ease than any that rages between
the lower animauls. These fight for.
food and mates, not for the mere
love of fichting. No bruie ever tor-
tured its kind or gloated over the
agonics of its prey as man has tor-
tured in fiendish glee the victiins of
his revenge, intolerance, and hate.
True it is thal peace has been wrung
from pain; that war is a nation-
builder; that slavery and supersti-
tion have been agents of progress,
whereby the many, through the sac-
rifice of the few, have gained frce-
dom, unity, and larger hfe; that in
the death-struggle for food, curios-
ity, the mother of knowledge, has
been awakened, never more to sleep;
that in the fight for mates the germ
of the highest and purest love of
man for woman has been developed;
that in the conflicts hetween trihes,
patriotism, morals, and the bardy
virtues have been evolved: bat when
we count the cost, 2ll this would af-
ford small content did we not have
faith that the slow-footed years are
bringing us nearer to the goal where
mightl shall be subdued by righit, and
where injustice and selfishness shall
be swallowed up by goodness, be-
ceause this shall have beecome spon-
taneous to man.

The social instinets to which his
progress is due are without doubt
inherited from Lis pre-human ances-
tors.  ‘There 1is,’ wroto Gilbert
White in 1775, ‘a wonderful spirit
of sociality in the brute ecreation.
independent of sexual attachment;’
and Darwin remarks that ‘the social
animals which stand at the bottom
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of the scule ure guided alwusl ex-
clusively, and those which stand
higher in tho scalo are largely guided
by special instinets in the aid which
they give to the members of the
same community; but they are like-

“wise in part impelled by mutual love

and sympathy, assisted apparently
by some amount of renson.™ In the
degree that animals are social we
find them higher in the scale, us
ants, bees, and wasps among insects;

rand among domestic animals, dogs,

whose wild ancestors hunted in
packs, as compared with cats, which
mherit the solitary and wandering
habits of their wild ancestors.

We do not know what the earliest
social unions among mankind were
like. Probably there were no family
arrangements as we understund the
term, but only various kinds of re-
lations, more or less fugitive, be-
tween groups of men and women.t
The details, however, do not affect
the general fact of social intercourse,
in which community of interest was
the binding force. Impetns was
given to more personal and perma-
nent relationships by the longer
period of infancy in man as com-
pared with the same period in the
man-like apes, in whom, again, it
is much longer than in the lower
monkeys.] For as the maternal
instinet  ‘sublimes the passions,
quickens the invention, and sharpens
the sagacity of the brute creation.’s
so thig period of helplessness would
draw parent and child ecloger to-
gether, cvolving love and sympathy,
and developing those enduring and

* Descent of Man.

TCL, € g, SIr AL C, Lyall's aecousl of e Bhieely,
an undonbted remnant of the aboriginal tribes of
Tudia ‘They may be taken to represent generally
the barbarian type before the earliest ecivilization
had brought in ideas and prejndices about food,
worship, and emnubium. So far as can bhe azcer-
tained, the Bheels are all subdivided into a variety
of distinct gronypg, a few bazed on a reputed com-
mon descent, but most of them apparently mud-
dled together hy simple contiguity of habitation,
or the natural banding together of the number
necessary for maintaining and defending them-
selves.”  _Adsiaiic Stndies, p. 160,

1 CL. Fiske’s Oublines of Cosmic Philosophy, ii. 342-
346,

§ White’s Selbarwe, letter xiv., to Mr. Barrington.
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exalting relations of the family which
widened into tribal life. BStruggles
against common foes brought the
bravest to the front as leaders, tur-
bulent elements within involved the

rule of the ablest, disputes called for:

the settlement of the wisest; and
thus the rough foundations of law
and order werc laid. As the wants
and capacifies of the ever-increasing
community multiplied, the work douc
by cach one under rude conditions
was divided among thie many: hence
specialization of the people into
clagses, with all the complex duties
of modern societies.

Carlyle says that the great man
shapes ilie age; Herbert Spencer
suys that the age shapes the great
man. The truth lies in the mean;
the great man 1g the product of
past tendencies and present condi-
tions, and he is great or genius in
virtue of these operating in him
in higher degree; hence he acts
upon the masses and monlds society
for good or evil.

3. Evolution of Language, the
Useful Arts, and Science.—Man is
markedly separate from the highest
brute, not only by his brain-power
and his erect attitude, with its free
command over the hands, but also
by language. Not that the *dumb’
animals, as they are called, are all
voiceless, many of them having no
small or inexact gamat of sounds by
which to express their thoughts and
emotions. But although the love-
cally of birds and the danger-cries
of beasts may be not more unintelli-
gible to us than the language of
savages like the Fuegians, which
Captain Cook compared to a man
clearing his throat, the distinction
abides that language, as the plastic
symbol of ideas of unlimited range
and complexity, marks the impassa-
ble gulf between the mental capacity
of man and every other animal. Its
origin lies in his need to communi-
cate with hig fellows; and but for
it all attempts after social union ex-

cept of the lowest and most fleeting |
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kind, would have been us the weav-
ing of a rope of sand. *Nature,
says Lucretius (v. 1028, 9), ‘impelled
them to utter various sounds of the
tongue, and use struck out the
names of things.’

Words themselves reveal under
analysis the history of their origin
from a few simiple root-sounds, which
were instinctive cries or imitations
of various natural nuises very largely
aided at the outset by signs and ges-
tures. To this day, gesture lan-
guage is the sols made of communi-
cation between certain wandering
tribes of America Indians; and there
;are other tribes whose stock of
sound-sighs is so limited that they
cannot understand each other in the
dark. We can never know what the
first sound-signs were like, but their
lchoice and currency obviously de-
pended on the success with which
they conveyed the meaning of those
who invented them—a principle of
| course, applicable to every stage of
|language, from the simple names of
‘objects with which it began to the
Pultimate transfer of those names to
abstract ideas. Tor all abstract
terms have a concrete origin. The
words just used evidence this; «ab-
stract neaning ‘dragged away,’ and
L eonerete ‘grown together’ Kven the
verb to beis made up of ‘the relics
of several verbs wlich once had a
distinet physical significance. Be
contained the idea of “growing”; am,
rart, is, and are, that of “sitting:”
“was and were, that of *dwelling,”
Cabiding.”™*  Certain it is that from
mimetic sounds, with their bonndless
iv:lriety of modulation, there have
“been developed not marely the scanty
land shifting speech of the lower races,
|but the wondrouslty rich, copicus,
and ever-growing languages of eivil-
ized races, the sound-carriers not
only of man’s common wants, but of
"the lofty conceptions which are en-
shrined in prose -and poetry, and
withont which; now made the com-

|

t

* Professor W. D. Whitney's Lect. on Lauguage, p.
5.
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mon intellectnal wealth of nations
through the arts of writing and
printing, how poor and dwarfed
would human life have been! Lan-
guage has, therefore, followed the
common law of evolution in advance
from the simple to the complex, fiom
nouns and verbs to the elaboration
of families of words and of parts of]
speech, with their subtile shades of
meaning whereby no thought re-
maing unexpressed. Thus does it
prove itself one of the many instru-

ments which the skill of man has
perfected from raw materials as his:
social needs have impelled him and |
ad hig intelligenca has inereased.

And thelike adaptation of means to .
ends applies to the development of the |
useful arts, ag well ag of those arts in |
which the head is more concerned |
than the hand. The primal needs of
cluthing and shelter, of weapons of war
and of the chase—{for the sword and
bow precede the spade and hammer
—the need, under more settled con-
ditions, of implements for the house-
hold and the ficld, set man's wits at |
work to supplement and improve
that which nature supplies in the
rough. For if he is not the only
tool-user, he is the only tool-maker
among the Primates. Every instru-
ment of his culture bears traces ofi
its development from simpler forms;
the spear and kmfe-blade from the
sharp-edged flint flake, the saw from
the jagged-edged flake; the match-
lock from the crossbow; the warrior’s
armor from the secaly hide of beasts;
the plough from the stag’s antlers or
the tree branch: the mill from
pounding stones; the ship from the
scooped-out trunk: the oar from the
hands or feet as primitive paddles;
the house from the sun-baked clay
hut, or, as in China, from the Tartar
tent; the pyramid from the earth
mound or cairn: all art from imita-
tion—the alphabet from picture-
writing ; sculpture and painting from
rude scratching on bone and horn;
stringed instruments from the twang
of the hunter's bow; wind instru-
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ments fromm the blast of his horn;
‘the blowing into hollow stalks
from the whistling of the zephyr
throngh the hollows of reeds; melody
and dance from the rude, impas-
gioned chant of the savage, time-
marked by yell and tamtam; arith-
metic from primitive preception of
more or less; counfing and measur-
ing, as shown in our words, cubit,
eil,* foot, hand, digit, span, fathom,
and in cognate terms of other lan-
guages, from using the fingers, toes,
and other parts of the body; geome-
try, or landmeasuring, from early
perceptions of space; all science
from erude and false guesses about
the nature and causes of things,
from illusions of alchemist and as-
trologer, which made attainment of
the truth more possible to chemist
and astronomer; and so on through
the whole range of man’s social and
intellectual development.

4. Evolution of Morals.—Man by
himself is not only unprogressive, he
is also not so much immoral as un-
moral. For where there is no so-
ciety there is no sin. Therefore the
bases of right and wrong lie in con-
duct towards one'’s fellow ; the moral
sense or conscience is the outcome
of social relations, themselves the
outcome of the need of living. The
common interests which compel to
combination involve praise or blame
of the acts of each individual in the
degree that they aid or hinder the
well-being of all—in other words,
add to their pleasure or their pain;
and this praise and blame constitute
the moral code the collective or
tribal conscience. Society, like the
units of which itis mado up, has to
fight for its life, and all primitive
laws are laws of self-preservation.
Tribal self-preservation is based on
sympathy between the several mem-

*Snome confusion of measurcs of length having
accured in the reiga of Henry 1., he commanded
that the ancient ell (Lat. uina), which corresponds
to our yard should he made of the exact length of
his own arm. The gpan, which is nine inches, 18
the space from the end of thethumb to the end of
the little inger when extended, or the eighth of a
fathom (A. 8. feethem, the bosom), the space to which
a man's arms can ordinarily be extended.
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bers, and it is therefore the ultimate
foundation of the moral sense;
whatever is helpful to it is righs,
whatever is a hindrance to it is
wrong. Although wunion involves
limitation and restraint, so that the
units can no longer do exactly as
they like, self-interest comes into
play. since a man best insured re-
spect for his own rights by re-
specting the rights of others. Soeci-
ety i8 not possible where a man is
not true to his fellow; there is, as
the phrase gocs, honor among
thieves, probably even among sav-
ages ag low ag the Jolas of the Gam-
bia, every one of whom does as he
likes, the most successful thief being
the greatest man. In that model of
sound and clear reasoning, 80 re-
freshing a contrast to the tedious
word-mongering of most writers on
ethics, the chapter on the growth of
the moral senso in the ¢ Descent of
Man,* Darwin points out how man's
instinetive sympathy would lead him
to value highly the approval of his
fellows, and how his actions would
be determined in a high degree by
their expressed wishes ; unfortunate
ly, often by his own selfish desires.
But while the lower instinets, as
hunger, passion, and thirst for ven-
geance, are strong, they are not so
enduring or ratisfying as the higher
feelings which erave for society and
sympathy. And the yielding to the
lower, however gratifying for the
moment, would be followed by the
feeling of regret that he had thus
given way, and by resolve to act dif-
ferently for the future. Thus at last
man comes to feel, through acquired
and perhaps inherited habit, that it
is best for him to obey his more
persistent impulses. Itis this self-
aceusing feeling of remorse (literally
after-bite), due to power of reflection
on actions and motives, that makes
the difference so profound between
man and the lower animals, whose
moral sense does not advance beyond

*Chap.1v passim; and cf. Clifford’s Lectures and
Essays, i1, pp 106--176.
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the stage which commits or avoids
certain acts according as they are
remembered as pleasurable or pain-
ful to the creature itself.

Special value woulll be set by the
tribe upon brave and unselfish deeds
as contributing to the common weal ;
praise and honor would reward the
doer, encouraging that love of the
tribe in which lay the germ of love
of country. For he who is not a
good citizen cannot be a trne pa-
triot. and he who holds not his fa-
therland dear can never become a
well-wisher to mankind. The con-
ceptions which these larger interests
involve are, however, of vory slow
growth; for a long time the feeling
of rightness and wrongness was. lim-
ited to acts harmful or helpful to the
tribe ; in fact, that which was a erime
within its borders became a virtue,
and even a duty, outside them. What
Ceesar suys of the ancient Germans
—Robberies beyond the bounds of
each community have no infamy, but
are commended as a means of exer-
cising youth and lessening sloth™—
still applies to barbaric peoples, and
has its survival in the slowly decay-
ing prejudices of civilized nations.

Morals are relative, not absolute:
there is no fixed standard of right
and wruny by which the actions of
all men thronghout all time are
measured. The moral code advances
with the progress of the raco; con-
science i8 & growth. That which so-
ciety in rude stages of culture ap-
proves, it condemns at later and
more refined stages, although such
ig the power of custom in investing
the antique with sanctity, such the
persistence of wuthority, and so deep
its interest against change, that
moral qualities are grafted upon acts
apart from any question of their
bearing upon character. Such, for
example, are the prohibitions against
certain foods and the commands to
keep certain days sacred; such also
the tyranny of caste, as among the
Bhattias of India, who regard din-

Comm., bk, vi. cap. 23,
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ing at an hotel as a greater sin than | the barriers of prejudice between the
murder. Among the Mohammedun |classes of ecach nation and between
sect of the Wahhabees murder and |nations themgelves, bringing home the
adultery are venial offences com-;force of the Italian proverb, ‘Tutto
pared to the smoking of tobaecco |il mondo & paese’—¢all the world is
Among many savage peoples it is one country’ This larger view ex-
worse to marry a girl within theitends tne range of human sympathy
tribe than to murder one of another'und of the service of man to his fel-
tribe. Among ourselves society con lows. as well ag to the Jower animals,
dones a seduction, but not a més-: which that sympathy inspires Ter-
alliance, and forgives an offence rible are the ills which the misuse of
against etiquette less readily than an | knowledge in the hands of the selfish
act of dishonor and the ruffian infliets, but these are
Althongh tending of late to unwise ! as dust in the balance against the
laxity towards oftences for whichigood which has been wrought. The
death is the rightful penalty, the | conduet of a nation is no longer reg
alterations in eriminal codes witnees ; ulated solely by its own interests
to progress in morals and huma.ne-{without regard to what is due to
ness, and to the recognition of erime | others, neither does it draw its sanc
28 more or less of the nature of dis-|tion from the tribal legislation of a
ease. We need not go back to the | barbaric past, but from what, after
time when laws punishing heresy and | ages of dearly bought experience, hag
witcheraft were in foree, since with-'proved itself to be best for man. In
in the present century people were ' this, as in aught c¢lse which endures,
burned to death for coining false nothing is rigid or final. Man's
money, hanged for stealing a few|capacity can never overtake his loft-
shillings’ worth of goods, and im-|iest ideals; in their conception is the
prisoned for paltry debts, death be-|spur to their pursuit. What dead
ing often the only bringer of release. | weight of care do morals, thus re-
Among the sights of London were|garded, lift from the heart of man!
the procession of condemned crimi- | what new energy 1s given to his
nals to Tyburn every six weeks, and | efforts! Thought becomes fixed on
the anctions of negroes at the Poul-| the cvolution of goodness instead of
try Compter. These and a hundred | on the origin of evil; time 18 set free
other barbarities went on without|from useless speculation for profita-
protest from the humane, whether|ble action; evils once deemed inhor-
Christians or non-Christians, for the!ent in the nature of things, and
collective conscience did not ques-|therefore irremovable, are accounted
tion their rightness, and their abo-|for and shown to be within cur pow-
lition wns ultimately due to the|er to extirpate.
efforts of individuals .in whom a; For in proving the unvarying re-
higher sense of human rights and|lation between cause and effect in
duties was aroused, and through|morals as in physics, seience gives
whom the general moral tone was|the clue to the remedy for moral ills.
advanced  That heightened tone,, Moreover, that which man calls sin is
which is a yet stronger note of our|shown to be more often due to hisim-
time, is, in the main, due to the|perfect sense of the true proportion
progress of science, using the term|of things, and to his lack of imagina-
a8 1ncluding not merely knowledge | tion, than to his wilfulness; ‘evil is
of the operations of nature, but|wrought by want of thought as well
knowledge of human life as affected {as want of heart.” As Herbert Spen-
by divers causes, and of the commu-|cer says, ‘the world is governed or
nity of blood in all mankind. overthrown by feelings to which
If i this which has broken down
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ideas serve only as guides;'* and
the lack of imagination, which is
itself largely due to defective train
ing of the intellect, prevents a man
from putting himself in the place of
others, and deprives him of that
sympathy which is essential to the
unselfish Jife  Since morals are due
to .the social instinet, the highest
morality is that wherein each one
sharves to the full the life of all
The terrible mass of wrong-doing
can only be lessened and finally re-
meved by suppression of the over-
self | by the maintenance of the bal-
ance betwceen such carve of oneself

as shall best fit us for the service of

mun, und such thought for others
as shall inflict on them no suffering
through our selfishness, nor loss
throngh our guint The erises of
history are now rare when great
principles or causes, demanding the
sacritice of the individual life, are at

stake, but the world has never lacked .

a Curtius. and the spread of the sci-
entific apirit hus not proved fatal to
the heroic.

Especially is science a preacher of
righteousness in making clear the in-
dissoluble unity between all life past,
present, and to come. 'We are only
on the threshold of knowledge as to
the vast significance of the doctrine
of heredity, but we know enough to
deepen vur sense of debt to the past
and of duty to the future. We are
what our ferefuthers made us, plus
the action of circumstances on our
sclves; and in like manner our chil-
dren inherit the good and evil, both
of body and mind, that is in us.
Upon us, thevefore, rests the duty
of the cultivation of the best and of
the suppression of the worst, so that
the future of the rrce suffers not at
onr hands. More imperious is that
duty since nothing-—but omnipotence
itself—can step in between us and
the consequences of our acts.

* Social Statics, quoted in Bssays, iii. 69.

TCf. the eloquent and stimulating chapter on the
sQultivation of Human Nature,” in Mr. Cotter Mcr-
ison’s Service of Man.
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‘forgiveness’ of which men  talk
shows the charity of the injured, and
may win the wrong-doer to a better
life, but the thing -forgiven'—who
can undo its effects?* Our deeds
are ke the children born to us—
they live and act apart from our own
wil  Nay, children may be stran-
gled. but deeds never +

Self conquest lies 1m  obedience.
obedience hes in knowledge. and if
to know that it rests with man to
mako or to mar the lbves of others
be not sufficing stimulus to learning
the true that we may do the right,
no other motive can avail What
ever power the threats of pumish
ment and the promises of reward n
an after life may bave had in lawless
and superstitious ages, they have
now but the smallest cffeet on con-

duct: their remoteness cxhausts their
‘power, and, moreover, the belief In
:them 18 slowly decaying

For the conduct of life brief
~maxims are enough . all the law and
rcommandments are in the golden
rule. all ethics in the teaching that
"if man be true to himself he cannot
be false to his fellows: while in the
knowledge that life's demands will
ralways excecd its opportunities we
‘ may feel—

How fair a’iot to fill
I3 lcft to cach man still.

b Ereolution of Theology.—The.
ology may be defined as dealing
with man’s relations to the god or
gods in whom he bhelieves; morals,
as dealing with his relations to his
| fellow: men.

’ TUnfortunately, the two have be-
teome a good deal mixed in the de-
gree that conduet has been made to

# - Do you know,\\'iiai-ﬂ. I once shot a little
bird--for no good, but just to shoot at romething.

It wasn’t thut 1didn’t think of 1t—don’t say that
T did think of it.
. had tevelled my gun 1 thought of it quite plainly,
Jund yet I drew the trigger.
; rutiled feathers,
tontof my head.
The : eternity I can never make any atonement.”

I knew it war wrong, When [
It dropped, a heap of
T shall never get that little bird
And the worst of it ig, that to all

‘But God will forgive you, Charley.”

- What do I care for that,”’ he rejoined almost
fiercely, ** when the little bird cannot forgive me?"*
—Gieorge Macdonald's  Wilfrid  Cumbermede, Y.
179.

+ Romeola, p. 150 (one-vol. edition).
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rest on suppused divine commands
as to what men shall and shall not
do—an assumption which serves a
ugeful purpose as a restraint upon
the brutal and ignorant, but which
has been a powerful engine of ter-
rorigm in the hands of impostors and
fanatics. The confusion, however,
disappears when it is scen that the
evolution of belief in spiritual beings

is @ thing apart from the evolution
Ever on the alert- against enemies,
iman's fancy multiplied them on all

of morals, which, as has been shown,
are based on social instinets and
sympathies guided by reason and
strengthened by inheritance and
practice. For primitive theology is
primitive science; it is the outcome
of man's first efforts to explain the
nature of his surroundings, and of
the divers influences which affect him
for guod, und still more for ill. At
this stage of his mental growth the
emotions have foremost play, because
feeling precedes reason, and its ex-
ercise is more easy, its resnlts more
rapid, although, on. that account, less
trustworthy.  Moreover, the phe-
nomena on which expericnce, as the
sole guide to true knowledge of
things, is based, are too vast for a
single life to compass, even were
the reasoning facuity capable of deal-
ing with them. Tt needed the lapse
of long time ere man found out how
his senses tricked him at every turn.
and ere he could form any concep-
tion of orderly relation in his sur-
roundings. So far as effort to sup-
ply his lower needs sharpened his
wits, he did not go far astray; in his
slruggle against material foes the
weapons of his warfare were carnal,
but as against spiritual powers he
was defenceless. Ignorance, always
the mother of mystery, made him the
slave of his fears. The vacuity of
his mind gave admission to all the
demons of panic and terror. The
universal instinet of the savage leads
him to ascribe an indwelling life to
everything that moves, from the sun
in heaven to the rustling leaves, and
the stones that roll from the hill-
side across his path. In this he acts
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as we see shying horses, timid pups,
and young children act, until they
learn from experience what things
move of their own accord and what
things do not. Shakespeare might
have added Caliban to ‘the lunatic,
the lover, and the poet,” as of imagi-
nation all compact, and on whom it
plays such tricks—

That if it would but apprehond some joy,
It comprehends some bringer of that joy.

sides; and since he naturadly attrib.
uted passions like his own to the un-
seen beings in whom he believed, he
dreaded ‘some bringer of that’ harm
from every quarter, especially from
things near at hand whose dire ef-
fects touched him closely, as the
whirlpool and the bresker, the fall-
ing tree, the devouiing beast, or ven-
omous reptile. Phenomenafarther off
and less fitful moved him less, but
although day succeeded night, both
sun and moon were in turn often
swallowed and disgorged by the
black cloud-monsters, and in the
wake of the fire- and wind-dragons
of the lightning and the storm there
followed destruction and death.

What man fears, but is powerless
to control, he seeks to appease.
Hence the prominence of devil-wor-
ship, of Delief in baleful spirits
amongst lower races; hence, like-
wise, the persistence of kindred be-
liefs among the ignorant in civilized
countries; hence the world-wide cus-
tom of averting the wrath of gods or
ol buying their favor by sacrifices,
smearing their images with human
blood, and wreathing them with hu-
man intestines. Heonce, also, the
rise of a special class, ‘medicine-men’
and priests, into whose hands all
ghastly and ghostly functions fall,
and who secure dominance over their
fellow-men by pretending to be the
mouthpiece of the gods, to forgive
ging in their name and to make
known their will.

This animism, or general doctrine
of spiritual agents, was largely
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fostered by personal expericnce sup-:

plied by dreams about both the dead
and living, hallucinations, swoons,
and by the shadows or reflections
which objects cast, all which seemed
to witness to the existence of a sec-
ond self or soul, that came and went
at plesgure during life, and haunted
its old home after death. The buri-
al-place became. the spot where the
living brought their gifte to the
dread spirits of the departed, whose
worship is a leading feature of bar-
baric religions. The grave was the
cradle of beliefs about the departed;
the tomb became the temple. Com-
bined with the belief in life wherever
power or movement was manifest,
these ideas have built up all theolo-
gies, from the polytheistic to the
so-called monotheistic, the common
element in each being the ascription
of personality to unseen powers.
Given the intellectual stage which a
people has reached, the character of
their gods can be predicted, although
the higher theologies will retan per-
sistent traces of the barbaric con-
ceptions of deity in which they arose.
They are not, as shallow ecarpers have
argned, the ingenious inventions of

self-secking men; they arise out of!

the necessity of human nature to
framne an explanation of that which
affects it deeply and constantly.
Their reots draw natriment from a
common soil; the frenzy of the sav-
age and the ecstasy of the saint have
a common base in undisciplined
imagination.

Theology is purified from gross
‘conceptions only in proportion as it
is purged of the false science with
which, to its own hurt, it identified
itself in the past, and to the rem-
nants of which it still clings. The
function of science is to clarify the
mind, and to show how the beliefs of
the past are the myths of the pres-
ent; the duty of theology is to read-
just itself to what science proves to
be true, since science has no facts to
interpret save those which man has
gained from experience. Of aught
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else, ns Omar Klnyydm sings—

Myself when young did eagerly frequent
Doctorand saint, and heard great argument
About it and about, but evermore

Came out by the same door wherein I went,

Creeds may die, rites and ceremo-
nies become matters of archaeological
interest, but human needs endure.
Conduct is everything, because duty
never lapses. Theology, uncorrected,
troubles ifself about the fate of a
man who denies its speculalive doc-
trines; morals bid him remember, as
the one thing needful, that what he
sows he or his will reap. In the end
when it is seen that theories about
godsand all other spiritunal beings
bhave nothing whatever to do with
man's duty to his fellows, theology
and morals will again become dis-
tinct.

In the chapters now brought to
an end a vast field, the limits of
which shade into the unlimited on
all sides, has been roughly sur-
veyed. We began with the primitive
nebula, we end with the highest
forms of consciousness; the story of
creation is shown to be the unbroken
record of the evolution of gus into
genius.

Let us epitomize in fewest words
what, after all, is itself but a sum-
mary of a large snbject :—

1. Deseription.—The universe is
made up of Matter and Power, both
of which are indestructible. Matter
contains about seventy so-called ele-
mentary substances, which exist in a
free or combined state as golid, liquid,
or gasoous; it is also present through-
out space in the imponderable state
known as ethereal. The motions of
Matter are due to Pawer, which acts
ina twofold and opposite way, viz
as a pulling or combining Force, and
as a pushing or separating Energy.
Force inheres in matter, and acts
continnously whatever the distance;
Energy is both passive or stored up,
and active or in a state of transfer
from body to body, the sum-total
being in gradual course of transfer
to the ethereal medium, where its
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power to do work ends. Pondera-
ble matter is distributed throughout
space in bodies of various size and
density, from molecules to sidereal
or solar systems. Such a system is
our central sun, with his company
of planets and their moons, and of
comets and other wandering gase-
ous hodies. The planct on which
we live is a nearly spherical body,
three-fourths of which is covered by
water, and the whole surface envel-
oped by an atmosphere. So far as
ite rind or crust can be examined, it
1s found to consist of solid rocks, the
lowest of which have been fused by
fire. and the uppermost laid down
by water. The water-laid rocks con-
tain the remains of plants and ani-
mals which have eseaped the general
destruction of organisms in the wear
and tewr which the rocks undergo
ceaselessly.  The sinplest fossils are
found in tho oldest deposits, tho
more advanced in the newer, and so
on in ascending scale until we reach
the newest deposits, which contain
the highest forms. The existing
species of plants and animals cowm-
prise the lowest and simplest, which
have probably persisted thronghout
the entire life-period, as well as the
highest and some others, the vast
majority of intermediate species hav
ing died out. All plants and animals
arc made of the sune materials, and
have to do the samc work. That
work is threefold: to feed, to mul-
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was a diffused vaporous mass, un-
equally distributec throughout space.
Force, acting on the unstableness of
that mass, drew its particles to-
gether, and the zresulting collision
set free the stored-np Energy, which
became active in two forms: the
molar, causing the several anasses
into which the particles had gath-
ered to spm round in an orbit; and
the molecuiar, causing a swmg-hke
motion among the particles, which
wotion was  diffused as light and
heat. The masses into which the
primitive nebula was broken up be-
came sidereal or solar systems, each

i of which, like the parent mass, threw

off, as it was indrawn towards its
common centre of gravity, masses
which became the planets, and from
these were detached, in like manner,
mases which beeame moons.  Comets
and other fugitive bodies are prob-
ably due to expuleion. Both in ite
shape and general condition the
earth gives proof of this pussage
from the gaseous to the solid state.
As one of the smaller bodices, it long
ago ceasced to shine by its own light,
but a vast period elapsed before it
beeame cool enough to form & crust
and to condense the wvapors that
swathed it into primeval oceans.
The simplest compounds of its ele-
ments were formed first, the combi-
nations becoming more and more
complex until they reached that sub-

tile form which is the physical basis

tiply their kind, and to respond to|of life, and which, starting in water

“the outer world. The cells of which
every part of every plant and ani-
mal is built up are variously al-;
tered and srranged according to the -
way in which that work ie more or
less divided mnongst the several parts.

The main difference between plant:
and animal is in the mode of feed-;

ing; the plant is aloneable, in virtue

of its ehlorophyll, to convert the in-i

organic into the organie, and the
anima}l therefure depends on the
plant for its food supply.

2. Leplanation.—At the begin-
ning of the present universe Matter

a8 a structnreless jelly, has reached
ity fullest development in man. The
organic is_dependent npon the inor-
ganic; and wind, as aspecial form of
llh,, takosits placeo astho highest prod-
| ict of the action of Power upon Mat-
ter. From the action of mind on mind
has arisen that social evolution to
which, in a supreme degree, is owing
the progress of man in knowledge,
whereby he has snbdued the earth.
The ultimate transference of all
energy to the ethereal medium in-
volves the end of the existing state
of things. But the ceaseless redis-
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tribution of matter, force-clasped and | and whither. Since it can throw no
energy-riven, involves the beginning |light on the genesis of matter, or
of another state of things. So the|on the origination of motion, or on
changes are rung on evolution and|the beginnings of life or of mind, it
dissolution, on the birth and death |leaves great and small alike a centre
of stellar gystems—gas tosolid, solid jof impenetrable mystery. It may
to gas, yct never quite the same— | correct, but it does not repress, the
mighty rhythmic beats of which the |imagination; necither does it impose
carth's cyeles, and the cradles and |any limits on thought; it has a larger
graves of her children, are minor |charity for superstition than for ir-
rhythms. reverenco; it has no shibbwleths the
. . . . surrender of which can awaken

Thus the keynotes of Evolution|dread: its temper is not aggressive;
are Tnity and Continuity. A1l things | it seeks to inform lifa with the love
are made of the same stuff differently | of truth, and to let tho facts which it
mixed, bound by oneforee, stirred by | reveals, and whose significance isits
one energy in divers forms.  Forcein- | chief concern, win their way on their
heres in matter ; Energy acts through | own merits; since *a dogma learned
it; therefore both have neither more |is only a new error—the old one was
nor less claim to objective reality!perhaps as good; whereas a spirit
than matter. And as science tends’ communicated is a perpetual pos-
to the conclusion that all kinds of session.’ Oursense of the beauty of
matter are modifications of one pri- Nature is not dimmed by fuller and
mal element, and that all modes of | trner knowledge of her works and
motion are varied operations of one: ways; the more we feel onr oneness
power, perchance these three—Mat-|with her the more do we desire to
ter, Force, and Energy—are one. i know her as she IS; while all that it

But into these and like speculative | really suffices us to learn for the dis-
topics Evolution does not intrude. | charges of life’'s duties, and all the
Dealing with processes, and pot with (motive that is needed to impel us
the nature of things in themselves, it thereto, is supplied in the theory
ig silent concerning any theories that | which has so profoundly and per-
may be formulated to gratify man’s|manently affected every department
ingatiate euriosity about the whenee [ of human thought.

THE END.
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BDOMEN, 59, 60
Affinity, 7, 9, 76

Air bladder, 68

Algee, 15, 20, 39, 43, 84

Allen, Grant, 42, 49, 50, 81, 84, 92

Alpha Centauri, 10

Amber, 23

America, connection of, with Europe, 31,
107

Ammonites, 23, 25, 27, 29

Amebs, 39, 41, b3, 111

Aniceboids, 53

Ampbibians, 22, 68

Amphioxus, 67

Ancestor-worship, 119

Anemone, 55

Angiosperios, 27, 45

Anglo-Americun race, 108

Animals, Chlorophyllian, 84

Animals, dispersal of, 106; existing, 37;
language, 113; mind, 111; nutrition,
41 ; stationary, 39

Animals and plants, priority of, 83, 84,
sub-kingdoms, 50; unity, 39, 40, 47,
51, 109

Aninwels and Dients wiwder Dumesticaiion,
84, 95, 100, 108

Animism, 10, 119

Annulosa, 50, 58

Ant, 50, 52 brain of, 62; grub stage, 63:
high social stage, 63, 112

Antenunic, 52, 60

Apes, mau-like, 31, 105

Apes and man, brain of, 93 ; skeletons, 72

Avphis, increass of, 91

Aqueous action, 15, 37, 79, 120

Archwopteryx, 25, 47, 104

Arctic cirele, 21

Armold, Matthew, 43

Axtificial Selection, 90

Arts, evolution of, 114

Ascidians, 64

Ascidians and Vertebrates, 51, 65

Asteroids, 12

Atlantic ooze, 19

Atmosphere, carth’s, 14

Atomic theory, 3

Atoms, 5, G; 7, 76 ; separation of, 9 ; unity,
6; weight and volume, 5

Attraction, 7, Y

Australia, ancient life-forms of, 25, 68, 71,
105

Autumn, tints of, 49

Ayoic, 13, 79

BAGKBONE, 66

Bacon, Lord, 42
Baifour, F. M., 53
Bali, 105
Bates, H. W, 25, 61, 92
Bats, 30, 67; range of, 105
Beauty, evolution of, 50

OLI

Bee, 48

Beetles, 22

Belemnites, 25, 27

Bell-shaped petals, 46

Bhattias, 116

Bheels, 112

Bilateral symmetry, 57, 66, 86

Birds, 30, 31, 69 ; assced-dispersers, 47, 49,
106 ; descent, 70: earliest, 95 ; font.
prints, 16, 23; 1n'g-ation, 70: place,

! 37; range of, 105; reptile.like, 18, 25,

: 29, 70 ; wingless, 86

Bivalve, 63

Black lead, 16

Blastosphere, 86

Blood, 54, 58, 67; saltin, 5

Bodies, colors of, 49; primitive state, 12;
states of, 4, 8

Body-cavity, 54, 56, 86

Boolak, 70

Brain, 52, 53, 62, 66: function, 52. 83; or-
igin, 53; proportion of, to body, 62;
and thought, ¢

—of ant, 62; of man and apces, 97

RBrandt, 84

Breathing, organs of, 58, 63

Bronze, Age of, 38

Bryophytes, 43

Butfon, &0

Butler, Samuel, 88

Butterflies, 27

! C}ESAR, 116
Calyx, 45
Cambrian system, 27
Carbon, 6, 38, 41, 49, 81; products of, 22
Carbonic acid, 39, 41, 58
Carbonifcrous system, 22, 23, 80
Carlyle, 51, 113
Carnivora, 31, 96
Canaivorous plants, 39, 83, 111
{arpenter, W, B., 18
Catkin-bearers, 46, 47
Cave-lion, 36
Cell, 42, 52, 81 85: changes, 57; division,
85; growth, 82; layers, 54, 57, 86;
wall, 42
Cellulose, 42, 53, 64, 66
Chalk, deposit of, 19, 27
Chareoul, 49
Charing Cross, fossils at, 36
Chemical attraction, 7, 9
- Chimpanzee, 62, 97
Chiorophyll, 41, 49, 54, 81; action of, 84;
in animals, 81
Chromosphere, 11
Cilia, 39, 43, 54. 59, 64, 67
| Circulation, organs of, 54, 7, 66; of sea-
i squirts, 64
' Civilization, 99
i Classification, 103
Clifford, Prof., 115
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Qlio borealis, 64
Club-mosses, 20, 21, 22, 43, 44
Coal, 16, 20; nature of, 21
Cockehafer, 62
Cockroaches, 22
Cod, increase of, 91
Ceelenterata, 50, 54
Ceelomata, 50
‘Cohesion, 7, 8, 9, 76
Colonial animals, 74, 63, 64
Color, nature of, 4, 48; of flowers, 49; or-

der of, in flowers, 49
Color Sense, The, 50
Coloring, protective, 92
Comets, 9, 11, 12
Compsognathus, 104
Conifers, 21, 23, 41, 46
Conscience, 115, 116
Consciousness, mystery of, 4, 53, 32
Conservation of energy. 8, 109
Constellations, 10
Continents, relative permanence of, 29, 37
Cook, Captain, 113
Cope, Prof., 66, 82
Copernicus, crater of, 13
Coral, 20, 21, 39, 75
Corolla, 45
Corona, 11
Corti, strings of, h2
Cotyledon, 45
Crabs, 23
Cretacéous system, 27
Crime, nature of, 116
Crocodiles, 23, 31
Crown bearers, 46
Crust of the earth, 6, 14
Crustacea, 20, 21, 59
Cryptogams, 43
Orystals, formation and growth of, 82
COuttle-fish, 23, 63
Cycads, 23, 27, 40

AISY, 43, 46
Dalton, 5, 6

Darwin, 1, 40, 47, 62, 70, 71, 88, 90, 92, 93,
97, 106, 108, 115

Darwin's theory, 2, 88; summary of, 100

—Life and Letters,2, 88. 92, 94, 100

Dawkins, Prof. Boyd. 33

Dawson, Sir J. W., 18

Death, 82. 100

Deer, antlers of, 95, 98; hornless, 31; Irish,
38; Rod, 31

Degeneration, 66, 100

Desecartes, 4

Descent of Man, 111, 112, 115

Descent, theory of, 88, %0; proofs of, 101;
objections to, 108

Desmids, 39, 43

Devil-worship, 118

Devonian system, 21, 44, 104

Diamond, 49

Diatoms, 19, 39, 44,

Digestive organs, 33, 54, 56, 64, 66

Dinornis, 106
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Dipnoi, 68
Distribution of life-forms, 104
Dog, embryo, 87, 101
Double-breathers, 68
Duck, 95
Duck-bill, 70, 71
Duty, 117
Dyer, Thiselton, 80, 84

EARTH, age of, 101 ; cooling, 79, 80; core,
14; crust, 6, 14, 79; density, 14 : des-
tiny, 79; ovolution, 70; motious, 14;
orbit, 9, 14 ; past life-history, 15 ; prim-
itive temperature, 79 ; shape, 14
Echidna, 70, 71,
Echinodermata, 50,
Education, 110, 111
Egg, of mammal, 7, 43; of man, 102
Electric energy, 82
Rlactrieal nnitg, 9
Elements, 5, 14; classification of, 5; com-
mon origin, 5 ; groups, 5 ; periodic law,
5; state, 6
Elephant, increase of, 91
Elliot, 93
Embryo stage, 87
! Embryology, 101
{ Emerson, 3, 75, 104
Emotion, 118, 4
Endogens, 29
Energy, 4; active and passive, 7, 9; con-
servation of, 8; definition of, 7, 75;
destiny, 8; dissipation, 8. 9, 12, 14,
75, 82; molar, 76; molecular, 76;
radiation, 11; solar, 12, 77, 78, 79, 82,
84; storage, 7; sum-total,7; tabular
summary, 9
Eozoic system, 15
Bozoon Canadense, 18, 20
Epochs, Geological, 15
Ether, 4, 7, 9, 10
Ethereal medium, 7, 9, 11, 49, 77, 120
Europe, connection of, with America, 31,
10

Eurvps in  Carboniferous period, 22;
Eoccne, 29; Jurassic, 23; Pliocene,
31; Silurian, 20

Evolution, 2, 75, 100 ; conditions of, 100
limitatious, 121 ; summary, 120

Evolution of art, 114 ; beanty, 50: earth,
79; oye, 50, 65; gods, 118; language,
113; life, 79; man, 97; miad, 109;
morals, 115; plont and animal. 83,
science, 114°; society, 111; solar sys-
tem, 77; specics, 89 ; stellar systems,
76; theology, 117

Exogens, 29

Eye, evolution of, 53, 65; of Hatteria,
65: of insect, 59 62, ; of sea-squirt, 65

ARADAY, 5
Feathers, 70
Females, fights for, 93, 112
Ferns, 15, 21, 23, 43, 44: Ags of, 37
Fertilization, 47, 49
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Firs, 23 !

Fishes, 15, 68; Age of, 21, 37: bony-|
skeletoned, 27, 30 ; embryo of, 87 :

Fiske, 113 !

Fission, 42

Fixed stars, 10

Flint, 19, 27 ; chipped, 33. 36

Flowers, earliest, 47; essential parts of,
47; fertilization, 48; function, 46

Fly, increase of, 91

Flying lizards, 256

Footprints, fossil, 18

Foraminifera, 18, 20, 27

Force, 4; definition of, 7, 75; inherence,
7.121; pergistence, 7, 75; sum-total, :
7; tabular snmmary, @

Fossils, 16 ; succession of, 18

Frog, 69

Fruit-yielders, 46

Fruits, function of, 47, 50

Fuegians, 99, 100, 113

Fungi, 39, 43, 44, 84, 91

GALAPAGOS Islands, 2
Ganglia. 58, 65, 67
Ganoids, 20, 21, 23, 27, 30, 68
Gaseous state of matter, 4, 12
Gases, solidifying of, 8
Gras-tar, products of, 22
Gastrula, 86
Gegenbaur, 68, 94
Geikie, 14
Gemmation, 42
Geological record, gaps in, 16, 18, 20, 21,
29, 36, 104
Germ-cell, 42, 43
Gestures, 113
Gills, 68, 102
Gill-slits in man, 102 ; sea-aquirts, 65
Glacial action, 33; epoch, 29
Qods, evolutiou-of, 118
Gorilla, 72, 97
Graphite, 16, 20
Grasses, 46
Gravitation, 7, 8, 9, 10, 14, 76, 120
Gymnosperms, 37, 46

ZECKEL, 86, 88, 108

Hair, 70
Hamilton, Sir W., 77
Hand, importance of, 97, 113
Hatteria lizard, 65, 105
Hend, £8
Heart. b8, 70
Heat, 4, 8
Heilprin, 18, 23, 100
Helium, 11
Helmbholtz, 4, 76
Heredity, 42, 43, 88, 97, 110, 117
Hermaphrodite, 47, 51
Hippopotamus, 33
Honey, 47
Hooker, Sir J. D., 80
Horn, molecules of, 7

Horse, 90; ancestor of, 31, 104
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Horsetails, 43, 44

Huxley, Prof., 3, 6, 23, 40, 42, 83, 87, 04,
97, 100, 109

Hybrids, 108

Hydra, 54

Hydrocarbon, 41, 49, 84

Hydrogen, 5, 6, 8. 11, 14, 38, 41, 81; so-
lidifying of, 81

CE, action of, 33, 37

Igneous rocks, 16, 23

]_ndesbructibility of Power, 8, 119

Infancy, period of, 62, 111, 113

Infanticide, 111

Infusoria, 54

Inorganic evolution, 76

Insects, adaptation of, to plants, 48; in am-
ber, 21 earliest, 21 ; Miocene, 31 ; ori-
gin, 60; intelligence, 61; social, 62,
112

Insect-feeders, 72

Insect-fertilization, 47

Tostinet, 110

Intermediate forms, 95 31, 62, 104, 108
Invertebrates, 37, 50, £6; eyes of, 53
Iron, Age of, 36

Islands, 105

Island Life, 105

Isomeric compounds, 81

EEVINE, 68
Jelly-fish, 55
Jolas, 115
Jupiter, 12, 78
Jurassic system, 23, 64

ANGAROOS, 72
Kant, 77
Khayydm, Omar, 119
Kinetic energy, 7, 9; forms of, 8, 12

ABYRINTHODONTS, 22, 23
Lamp-shells, 21
Lancelet, 66, 67
Language, evolution of, 113
Lankester, Prof. Ray, 65, 68, 84
Laplace, 77
Laurentian system, 18, 20
Luws, changes in, 116
Leaf,, as type of plant, 48 ; function, 41
Leaf-forests, Age uf, 37
Leaf-insects, 92
Lomuaroids, 31
Lemurs, 72, 97
Lichens, 43, 44
Life, characteristics of, 82;
chemistry, 38, 81, 84
mystery of origin, 79, 81
regions, 104; unity, 117
Life-forms, distribution of, 104 ; succes-
sion, 103
Llight, analysis of, 6 ; waves, 8,49
Limbs, 58, 66, 68
Limestone, 9, 27, 29
Liquids, compression of, 8
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Littoral life-region, 83
Light, analysis of, 6; waves, 8, 49
Living things, composition of, 6; func-
tions, 51
Lizards, flying, 25 ; sea, 23, 25, 27
Lobsters, 23
Lockyer, J. Norman, 77
Locomotion, organs of, 57, 58
Lombok, 105
Liubbock, Sir John, 88
Lucretius, 99, 113
Lunar craters, 12
Luungs, development of, 69
Lyall, 8ir A. O, 112
Lyell, Bir C., 88

MACCABEES, Book of, 4
Macdonald, G., 117

Madagascar, 105

Malic acid, 45

Malthus, 88

Mamnmosals, 15, 70 ; Age of, 28, 37; descent

70; earliest 23 ; egg of, 7, 42; molecules in
ogg, 7, 43

Mammoth, 33, 36

Man, ancestors of, 31 ; birthplace, 33; color
sense 50; development, 102; embryo,
87, 101; erect position, 95, 97; in-
crease, 91, 111 ; *primitive,” 99; races,
73 ; remains, 33

Man, action of, on nature, 106 ; on species, :
90

Man and apes, brain of, 97 ; skeleton, 72
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Mollusea, 20, 27, 50, 51, 63; importance of
fossil, 29

Moreron, 15, 51, 52, 53

Monotremes, 70

Moon, condition of, 12

Moons, 11, 12, 43, 78: origin of, 78

Morals, evolution of, 115

Morisen, J. Cotter, 117

Morphology, 103

Morula, 86

Moseley, Prof., 83

Motion of matter, 7, 14

Mountains, origin of, 30, 79

Mouth, 54, 58

Mud-fish, 27, 68

Musie, 114

Musk-sheep, 107

NA’I‘URAL SELECTION, 88, 90, 96, 108,
111; limitations of, 100; objectious
to, 108
Naturs, action of man on, 106
Nautiluses, 27, 64
Nebular thaory, 77
Nebuls, 11, 78
Nectaries, 48
Neptune, discovery of, 6
Nerves, function of, 52; origin, 52, 100
Nerve-cells, 52 ; —fibres, 5;— tissues, 53. 83
Nervous system, 39, 52; annulosa, 58;
beetle, 61; jelly-fish, 55; lancelet, 67;
plants, 40; sea-squirt, 65; sponges, 54;
star-fish, 57

Mankind, common origin of, 108; struggles, | New Zealand, 27, 104, 105

112 ; unions, 112

Mantle, 64

Mars, 12

Marsh, G. P., 107

Marsupials, 23, 27, 31, 72

Masses of matter, 7, 9

Mastodon, 31

Mates, fights for, 93, 112

Matter, distribution of, 10; invisibility 9,
76 ; primary form, 5, 6; rarefaction,
9; atates, 4 tabular summary, 0

Mey-flies, 22

Measuring, 114

Medium, action of, 52, 70, 94

Medusm, 55; eyes and enrs of, 55

Mendelejeff, 5

Metamorphic rocks, 15, 20

Metamorphoses, 61

Meteors, 11, 12, 77

Metozoa, 50

Micropyle, 45

Migration, 70, 107, 110

Milky way, 11

Mimicry, 92 ; of sound, 113

Mind, evolution of, 109 ; of animals, 111

Mind and body, connection of, 82

Miocene system, 31, 80, 104

Molar energy, 76, 120

Molecular attraction, 7; energy, 76

Molecules, 5, 7, 83; rate of motion, 8;

tween, 8

!

Newlands, b

Newton, SirI., 2, 9

Nitrogen, 6, 38, 81

North American fossils, 25, 27, 31

North Polar regions, climate of, 22, 29, 31;
origin of life in, 16, 80, 107

Notochord, 65, 67

Nucleolus, 42

Nucleus, 42, 43, 45, 54, 85

Nummoulites, 29, 30

Nutrition, 40, 41, 51, 58, 83, 120

CEANS, 14, 79; permanenc: of deep,
9, 37, 80
Octopus, 64
Odyssey, 99
Old maids and elover, 92
01d Red Sandstone system, 21
Oligocene system, 31
One-celled plants, 43
Qolitic system, 23
Opossumns, 72
Orbital motion, energy of, 8, 12, 77
Organie compounds, 81
Organisms, rate of increase of, 91
Organs, 42, 54; prehensile, 98, 97
Origi'%gf Spectes, 2, 88, 89, 91, 95, 100, 101,
Ornithorhynchus, 70

5 ‘ Ovary, 45, 47, 55
separation, 9; size, 8, 7; spaces be-‘Owen, Sir R., 31
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Oxygen, 6, 38, 39, 41, 54, 58, 81, 84; solid-
ifying of, 8, 14 ;

Qysters, 22, 23, 64

AGET, SIR J., 40
Paraguay, 92

Parasites, 59, 100

Parsimony, law of, 77

Pear] oyster, 63

Perch, fossil, 28

Periwinkle, 64

Permian systom, 23

Persistence of force, 7, 75

Petals, 46, 47, 48; markings on, 49

Phanerogams, 43, 45 i

Phosphorug, 81

Photosphere, 11

Pigeon, 90, 108

Pines, Age of, 37

Pistils, 43, 45, 47, 48

Placentals. 31, 72; classes of, 72

Planets, orbits of, 12, 78; origin, 78

Plant-feeders, 96

Plants, nction of green, 39; adaptation of
to insects, 48; carnivorous, 39, 83; de-
fensive structures, 48, 92; dlspersal
106; existing, 37: foxsil conl 22; in-
crease, 91: locomotive, 39 ; nutrltlon
of, 41 82, 83; one-celled, 43; oune; ?
heed leaved 45 33 gensation of 40, 4s.en-i
sitive, 39; sex in, 43, 47; sleep of, 40-|
sub- kmgdoms, 43; two-seed-leaved, 45 .

‘Plants and animals, prlomy of, 83; unity !
of, 39, 40, 47, -Jl 109

Pleistoeene, 33, 36

Plesiosaurus, 25, 26

Pliocene, gravels, flints in, 33;

Polar region, origin of life in, 16, 80, 107

Pollen, 45, 47, 48

Polyps, 54, 86

Porifera, 54

Post-Pliocene system, 33

Potential energy, 7,9

Pouchi-bearers, 23, 31

Poultry Compter, 116

Power, 48, 75; definition of, §; indestruc-
tibility, 8; tabular summary, 9

Prawns, 23

Priests, 118

Primary Epoch, 15, 18, 21, 23, 37

Primates, 31, 72, 96

¢Primitive ’ man, DY

Proctor, R, A., 11, 77, T8

Progress, 99

Prohibitions, social, 116

Protein, 41

Protoplasm, 38, 41, 42, 44, 51. 53, 71, 81,
82, 84, 85, 86

Protozoa, 50, 85

Prout, &

Psendopods, 51, 54

Pteridophytes, 43

Pterodactyl, 26

—gystem, l
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UATERNARY Epoch, 15, 33, 37
>~ Quatrefages, M. de, 33
ADIANT energy, 11, 12

Reade, Mellard, 30
Reason, 110
Recent Period, 33
Reflex action, 89, 110, 111
Relation, function of, 51, 52
Remorse, 115
Reproduction, 40, 42, 43, 51, 87
Reptiles, 69; Age of, 20, ]7
Rhinoceroses, 31
Right and Wrong, 115
Rock, definition of, 14: igneous,

stratified, 16, 18 ; varieties of, 15

Romola, 117
Roscoe, Sir H,, 38
Rotifers, 59
Rotten stone, 19

16;

Rudimentary structures, 102

ACHS, 22, 38, 42, B2, 84

Sacrifice, 118

3t. Helena, 105

Salmon, fossil, 28

Selt, &, 80

baporta, Comte de, 80

Sargesso Sea, 20

Saturn, 78

bavage man, 97

Scales, 70

Scent, 49

Schﬂler, 93

Seience, evolution of, 114

Science and theology 119

Scorpions, 20, 22

Sea.- cuoumber 56 ;—lilies, 20, 56 ;—lizards,
23, 25, z7 —mats, 64;—mosses, 64;
—squu-ts 51 64, 65 ;—urchins, 56

Seu-syuirts, degeuel’utiuu of, 65

Seals, 96

becondary Epoch, 15, 23, 37

Seeds, 42, 43; dispersal of, 50, 106

Segments, 07 66

Selection, artmclal, 90 ; —nstural,
108, 111 ; gexual, 93, 108

Senses, evolution of, 52 ; unity of 52

Sepals, 47, 48

Serpents, 37

Sex, importance of, 47 ;—, in plants, 43

Shakespeqre 118

Sharks, 23, 27, €8

Shells, 54

Shell-fish, 20

Sidereal system, structure of, 11

Silures, 18

silurian system, 18, 20, 80

Simple forms, perslbteuce of, 18, 44, 100

Sin, 116

blrms_ 10

Skin, evolution of nerves etc., from, 532,
54, 65, 70, 94, 109

Skull, development of, 58, €6

Slugs, 63

88, 96,
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Smell, nrgans of, 52
Smithsonian Report, 20
Snakes, 31, 89
Snow, increase of red, 91
Soap-bubble, thickness of, 7
Social evolution, 63, 109
Social instinet, growth of, 63
Society, evolution of, 111
Solar energy, 12, 77, 78, 79, 82
Solar system, contents of, 11 ; evolution of,

Solid form, passage of bodien to, 12

Sorby, H. C,, 7

Soul, 119

Soul and brain, 83

Sound-signs, 113

South Pole, isolation of, 80

Southern hemisphere, 14

Space, 110; distribution of matter in, 10

8pecies, origin of, 89; persistence of 19,
100; transmutation of, 2

Spectrum of stars, 10, 78

Spencer, Herbert, 3, 53, 88, 97, 100, 110,
113, 116

Speuncer, W, B., 65

Sperm-cell, 42, 43

Spermatozoids, 45

Spider, 22, 27; web of, 61

Spinal cord, 52

8pine, developement of, 67

Spiny ant-eater, 70, 77

Bpirits, belief in, 118

Sponges, 20, 21, 27, 39, 54, 84, 86; structure
of, 5

Sports, 89

Sprengel, Conrad, 48

Stamens, 42, 97, 48

Star-fish, 20, 56

8tars, conditions of, 10; distance of near.
est, 10; double, 10, fixed, 10* struc-
tnre of, 10

Stellar systemns, evolution of, 76

Stigma, 45, 47

Stone Age, Old, 33, 36

Stone Age, Newer, 35

Stone implements, 33, 35

Strata, thickness of, 14, 15, 29

Stratified rocks, 15, 18

Stracture, changes of, 89, 95, 98

Strn%uzres, likenesses of, 103 ; rudimentary

Struggle for life, 91, 105, 111, 115

Succession of life-forms, 103

Sulphur, 81

Summary, 119 to 121

Sun, contents of, 11; radiant energy of, 12,
77 rotation, 11 ; volume 11

Sundew, 39

Sun-spots, 11

Sun and planets, common origin of, 78

ADPOLE, 65, 69
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Traube’s cells, 82
Trees, earliest true, 21,
Trias, 65
Triassic system, 23
Tribal conscience, 115
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