
‘PIrid mm appermod in the UloM “f IulrgaIlkl thinga, 
Next he pvrsed therefrom into that of plants. 
For years he lived aa one of the plants. 
Remembering nought of his inorgania atate 80 different : 
And whau ha yuaaarruru *he vegetlve to me alumal Btaccl. 
He had no remembrance of hia state ~8 a plant, 
Except the inclination he felt to the world of plants, 
mpedlly at the time of spring and sweet flowers : 
Llks the inclination of infanta towards their mothers, 
Which know not the CILUBB of their inclination to the brerst. 
Ag8in. the great creator. 8s you know, 
Drew man out of the animal into the human state. 

Thus msm pawed from one order of nature to another, 
lUl he became wise and knowing and strong BB he is now. 
Of his flnt souls he haa now no remembrance, 
And he will be again changed from his present soul.’ 

Maansvi (Bk. IV.) of JAG AD D&i (13th Centurg). 
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PREFBCE. 

THE scope and pm-pose of this book are explained in the Introdue- 
tory chapter, but the justification for its publication iu these days of 
over-production has to he 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 clear idea of the mechanism of the uni- 
verse, I have felt the difficulty expressed years ago by such authorities 
as 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 (alt.hough pri- 
vately) a pamphlet on the subject. in which rigid and definite meanings 
it) &;,en to ‘force ’ rind ‘energy’ as the two-fold and opposite forms 
of Pbwer manifest through &fatter : and in that sense, as affording the 
reader a clearer conceptSion of cosmic dynamics, those terms are used 
throughout this book. Mr. Allen has plunged rrle dccpcr in his debt 
by the labor of reading my proof-sheets, a service which, to their fur- 
taller gain, has also been kindly rendered by my friend Nr. H. W. 
Bates, F.R.S. 

The chief authorities consulted in the preparation of this book aro 
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. 

lto~~m~~, TUFNELL Pam, IAMKIX ti.: Ikewber 18%‘. 

P. S.-The l~ublimcim of Darwin’n G]> onA Lel!ms while thone sheets RPC under revision maMes 
me to add a few foot-n& rrfcrcnces to that work. And it is gratifying to mv that. in thr chapter 
with which Professor Iluxlry has emirhed thr uecond volume, ho nuhatitntcs (1’. 201,~ the term 
“powere ’ for ‘ forms in quoting his detlnitiou of evolution given in Critiques and Addresses, p. 305. 
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INTRODUCTORY 

ON the 27th of December 1831. 
Charles Darwin, then in his twenty 
third year, embarked at Plvmouth ar 
vo1unl.e~ I&urulist un R f;ye ~ailra 
vo-jye in the Ueyile, ix ten-gun brig. 
which was commissioned to survej 
the oboww of Santh Am&en., rind tr 
circumhaviga:rtte 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. 
GnecX to ~~volulior~izu cm yrvfoundly 
motlify every depart,ment# of human 
thought and every motive to human 
nction. But GO ‘it WIIR. The t,rne 
epocll-maker, never dreaming to what 
far-reaching and momentous issue 
his work would lead, retired, some 
time after his ret,urn, to a quiet home 
in Kent, there to con&k the signifi- 
can(*e of t,ho materials gathered dul 
ing his voyage. The distribut,ion of 
living things in South America, and 
markedly in their relation to those 
in the Gilxpagus I&ncls, in gro~lp 
lying five hundred miles from that 
continent, 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 lapne of nearly a quarter of 
a aeutury spent in the testing of every 
fact and argument telling in favor 
c>f 01’ qpinst his theory, V.WN p”b. 
lished in the famous 60rigin of 

* ‘In July opened Rrst note-hook on Transrunta. 
ticm of Speciaa. 11&d been greatly e;rnrk frolrl 
about the month c.f prevlonn March on charactrr d)r S+h American fossils, and aperirs on ~ialspa~~ 
Archlp&go. 17~~ flu:@ (e~prnally latter) origin 
of all my view+.‘-Extract from Pocket-book for 
1Wi. Durwwis Li' nndLtltas. i. 1,. Zlb. Rcferriun 
to the ~MII~ matter, Darwin says in R letter to Sir 
J. I). Hooker, dated January 11, X3.44, ‘Gleams of 
light have come, and I BIU almost ronvinced (quite 
contrary to the opinion I tltmted with) that speciea 
me nut (it is like ~wniceaing .a murder)immutable.’ 
-1lAd. vol. ii. p. 23. 

s L pries. That, hook is the imperish- 
able record of the most momentous 
advance in man’s knowledge of the 
operations of nature since the publi- 
cation of Newt,on’s ‘Principia. 

The pens of many experts, ready 
writers withal, have enriched our 
scientific literature with clear and 
charming expositions of Darwin’s the- 
cirLv for the hen4 t of a public which 
runs ~0 fad that, it, has little time to 
wad. But tbnt theorv deals onlv 
with organic evolution, 1. e. with t,hL 
ori rin of the myriad species of plants 
a11 B animals ; and the prominence 
given to it in virtue of it6 more im- 
mediate interest makes us apt to 
overlook thu fact that it ie only & 
small ps,rt of an all-embracing cos- 
mic philosophy. For whatever lies 
wit.hin the phennmenal+e seen or 
felt-and therefore withm the sphere 
sf observation, experiment, and com- 
parison, whether galaxy which only 
the telescope mttkes 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 hypothesis 
which, if it does not explain every 
Fnct, is inconsistent with none, that 
the following pages me designed to 
qive in clear Bnd, as far as possible, 
Gmple words. 

Before attempting this it is desira- 
:Me tu mztlino the phenomena which 
that theory explains: and the first 
onrt of this book will therefore de- 
&he snd~ mnttsrs as the stufi of 
which all things are made, its cum- 
.Gnations, aflinities? and distribution ; 
:he relation, likeness, ant1 unlikeness 
.)etmeen the stellar and solar systems, 
uid between 6he earth and its fellow- 
jlanets; the varied forms and con- 
litions of past and present life, and 
he relation between these and the 
norganic or non-living-in brief, 
vhatever makes up the visible uni- 
Terse. Many facts will, therefore, be 
qet down which every schoolboy is 
supposed to know, but which most 



THE STORY OF CREATIOX. 3 

folks whose school clays m-e long past 
have probably forgotten. But the 
rcpetit#ion may make easier that which 
follows by way of csplanation, and, 
moreover, may foster the growth of 
that feeling of an underlying and 
indivisii&3 unity between the remote 
and ne:lr, the past end present, the 
living and non-living, which is apt to 
lie dormant when things in chemical 
or vitikl reMion me trentecl 8~3 sspa- 
rate, or as differing in kind. ds- 
tronomer or chemist: geologist or 
pakeontoloqist. psgchologrist or phys- 
iologist, t)r)taliist or zoijlogist. all arc 
members one of another, and none 
can say to his fellow, ‘ I have no need 
of thee.’ The astronomer captures 
the trnant light from the stars, 
and the chemist decomposing it, 
compels from it the secret of their 
structure, even the direction in vi-hi& 
t11ep travel. The geologist rives tile 
strata asunder, and di&loscs their 
succession and contents : the palson- 
tologist, disengaging the fossils em- 
beddedin them, or altogether com- 
posing them, finds the ancestral 
forms of living species and the miss- 
ing links in the unbroken chain of 
life. The psychologist may analyze 
and ratalogue the operations of the 
mind, but the key to understanding 
them lies in the stndy of brain strnc- 
ture and fnnction, of which the phys- 
iologist is master ; while the botan- 
ist aud zoiilogist alike miss the 
significance of the phenomena of 
plant and animal life if these are 
treated as separate departments of 
biology. Trnly, a~ Emerson days. 
‘the day of days, the g-rent day of 
the feast of life, is t,hnt in which the 
inward eye opens t#o the unity in 
things.’ 

Pet must we exclaim with the 
chorus in the ‘ Antigone,’ and in 
thcee deps with a deeper meaning? 
‘ Who can survey the whole field of 
knowledge? Who can grasp the 
clues, and then thread the labyrinth ?’ 
For t,he material is so wide-ranging 
and varied that only the barest out- 
line is possible; and in dealing 

whether with star or spccios, tho 
one must often represent the whole, 
the individual the class. ‘For t,he 
purpose of getting a definite knowl- 
edge of what con&i hrtes the leading 
modifications of animal and plant 
life it is not needful to examine more 
than II comparatively small mmiber 
of animals and plants.‘* Our kn owl- 
edge will, however, thereby advance 
fror+l the particular to tho gcncrtil, 
and be enlarged from a mere storage 
of facts to an all-inclnsive philosophy 
of things : so that although we may 
not escane errors of detdtil. wo shall 
be snve~t by true approhen~ion of the 
universal. 

The limits of this book demand 
the exclusion of reference to old CoS- 
mogonies, and to attempts to square 
thvm 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 value. To 
deal with such mat&s hero would 
give them a false importance, and, 
moreover, confuse things proved with 
obsolete speculations. Still more 
dots this apply when the mechanical 
explanation of the general and simple 
phenomena of the iifoless is extended 
to the special and complex l>henom- 
ena of life in its ascending scale 
from moneron to man, without pause 
wherein caprice or chance could enter 
to tlistnrb the sequence. But caprice 
and chance me not : the nebulous stuff 
of which the universe is the product 
bold ltltcnt within its diffm~d vctpore 
not only the elements of which the 
rlrv 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 o 
posed f 

man for good or ill, has com- 
he warp and woof of this 

world’s strange, eventful story. Be 
it borne in mind, however. at the out- 
set, that although much is explained 
by evolution, and although no limita- 
tions to its application citn be admit- 
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ted -&thin the sphere of thephenom- 
enal, there remains m71ch more than 
is dreamt of in o77r philosophy nn- 1 
explained, around the impenetrable , 

marge of which imagination, and the I j 

sens0 of mvf&ery t&at ftds it, can 
play. ‘ Positive knowledge does not 
and never can fill the whole region 
of possible thought. At the utter- 
most reach of discovery there arises, 
and must ever arise, the question, 
What lies beyond I’* The whence of 
the nebula and its potential life is an 
abiding mystery t,hat overawes and 
IdPIes 718. Tho hc+minga c,f the 
crystal are no less 71nknown and 77n. 

&scoverable than the beginnings of 
the cell : the nltimate ca77ses whir11 
lock the atoms of the one in angular 
embrace, and which qnicken with 
pulsating life the corpnscles of the 
other, lie bqond our ken. And ii 
of the beginnings nothing can be 
known, HO it, is Nit11 the things them 
selven, wniicth aft&t 11~ by their C&Z 
their weight, and movement. They 
remain the unknown cause of sensti 
tions which are themselves, as Helm- 
holtz says, and as Descartes said twc 
ceuturies before him. only 82~rnbol6 
of the objects of the external world. 
corresponding to them in some such 
way as written cbnrac.ters or articu. 
late words to the things which theJ 
denote. There is no grct;nness i; 
the grass ; there is no redness in the 
rose ; there is no hardness in the di- 
amoml: that which o77r sensations 
report to consciousness as color and 
hardness being the result of mvriads 
of unlike motions, some of which are 
repeated as often every seconcl as 
t,here are seconds in thirty millions 
of years. 

Tho77ght and emotion have their 
antecedents in molecular changes in 
the 7n.ztter 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 no material qualities, as 
weight a11d occupancy of space, can 
he predicated. Heat may be ex- 

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 t.0 conscions- 
ness, or transform motions of nerve 
tissue into love, reverence, and hate. 

But let 718, without further ~JIY?tMn- 

ble, advance to the matter in hand, 
since, to quote the author of t.he 
Book of Naccabees, ‘it is a foolish 
thing to make a long prologue and 
to be short in the story itself.’ 

CHAPTER I. 

THE USI-FERSE: IT9 COSTEXTS. 

THE Universe is made up of Nat- 
ter md Pomps. Power is manifest 
as Force and Energy. 

1. &&e~-Under this term are 
compl-is&i lb11 subntiuces that oc- 
c77py space and affect the senses. 
Matter is mauifest in three states- 
solid, liquid, 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 absolnte break, matter 
assuming any one of them according 
to tho l-dative strength of the forces 

which bind, and of the energies which 
loosen, the component parts of 
ho&n; in nt.her wtrrda, according to 
the temperatnro or pressure. i5! 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 hv heat.* 

L&e the ultimate nature of mat- 
ter remains unknown and unknow- 
able, we can only infer what it ,is by 
learning what it &es. The actions 
of bodies, whatever their states, are 
explicable only on the assumption 
that the bodies are made up of in- .- 

*In &owing w*tw as an example, its peculiar 
action in rxpnndina as it nppmnrhrs the rjulid state 
Rhould be noted. Perhaps this is due to the form 
in which, w in mow, its molecules crgetallize. 



THE STORY OF CREATION. 5 

finitely small particles which, in their ’ down by Dalton, notably Prout, who 
combined state as mechanical units, ’ formulated the theory that the atom- 
are called molecules ; and in their ic weights are multiples of the ntom- 
free state, as chemical units, are 1 ic weight of hydrogen, the lightest 
called atoms. The molecule ‘is tt 
compound body reduqd to a limit 
that cannot, be passed without alter- 
ing its nature: the atom is a body 
which has not been yet divided. 

The skmw, OP so-csllod elemon- 
tarp substances, number, as far aa is 
knowu at present, &out seventy ; 
but many of Lhem 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 u:, ttcLuib1 ~vitlenw of 
their compound nature, the evidence 
thus far gathered points t.o their 
common dfv-ivat,ion. 

Eighty years ago, Dalton, working 
in no luxurious laboratory, but with 
the meagre apparatus of a few cnps, 
penny ink-bottles, anti home-made 
thermometers and barometers, dis- 
covered that atoms combine in 
definit.e proportions of weight and 
volume with other atoms. For ex- 
ample, whether we take water in 
large or sma.!l yu:mtitics from the 
clouds, or from the ocean, or from 
the fluids of Ii&g things, and decom- 
pose or break np its molecules, they 
will nlwavs bo found to contain sis- 
teen l&s by weight of oxygen to 
two parts by weiiht of hydrogen; 
whether we take t&L Prom the tiea or 
from the blood of animals, its mole- 
cule tlw-nys consist of fixed propor- 
t,ic-Inn nf chlnrine and nndium, thirty- 
five ant1 n half parts of the one and 
twenty-three of the other; in each 
and every case any excess of either 
element remains uncombined-left 
out in the cold for want of n partner. 

Dalton’s discovery changed chem- 
istry from a qunlitatirc to n quanti- 
tative science, giving an impetus to 
research which at last promises to 
bring us withiu sight of the fnlfil- 
merit of Faraday’s prophecy, that ‘in 
the end there will be found one ele- 
ment, with t,wo polarities.’ Man v 
workers followed on the lines laid 

of th; so-callea el&e&s, wh&h he 
argued might, be regarded as the 
primordial element, the rr&eriq phi- 
ma from which the others are formed 
by successive condensations 

The reaesrchos of t.he Past few 
years establish the fact that certain 
of the olements possess such strongly 
marked IikenesseR as to warrant the& 
classification into groups, but these 
groups did not appear to be con- 
nected with one another. nor to have 
any rehttion to bhe far larger number 
of elements not falling into groups. 
Recently, however, a marked advance 
townrda proof of the comtncm origin 
of all the elements has been made 
by a Russian chemist, Mcndelejeff,* 
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 es- 
hibit continuous dvance, but breaks 
up into a number of sections, in each 
of which the several t,erms present 
analogies with t,he corresponding 
t,erms of other series. Thus, the 
whole series does nut run a, b, c. d. 
e, f. gq h, kc. kc., but a, 11, c,, cl; A, 
13, C, D; ‘x, /3, y, S, and so on, in re- 
curring similarities.’ In this we have 
a periodic km, a8 it is called, wllich 
embraces all the elements according 
to the increasing value of their at- 
omic weights, rind which hnc rcstorod 
to their rightful place in the succes- 
sion certain elements for which no 
place in any of the series of groups 
conld be found. More thau this, 
and ns evidencing t,he fruitful l&q: of 
the imagination, Mendelejeff, findmg 
certain gaps between neighbcaing el- 
ements, pointed out, that they could 
only be filled by elements possessing 
chemical ant1 physical properties 
which he accurately specified. And, 
snre enough, some of these vacan- 
ties have been filled by the discovery -- L.- -. 

* Cf. Ad. Wurta’e Alomic Throry, pp. 1.54-163. 
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of elements with the properties tains its own qualities. It matters 
whic.h MendelejeE predicted they not how many millions of years have 
must possess. This is as interesting elapsed during these changes, age 
a romance as the discovery of Nep- 1 cannot wither or weaken it; amidst 
tune, the existence of which, it till I all the fierce play of the ‘mighty 
be remembered, 31. la Terrier and / agencies to which it has been sub- 
Professor Adams independently dc- 
duced .from the anomalous move- 
merts of Uranus, which floated into 
the ken’ of Dr. Galle at Berlin when 
he point,ed his telescope to that part, 
of the heavens where the mathema- 
ticians told him he would find the 
planet. 

j&ted it remains unbroken and un- 
worn ; to it WC may apply the ancient 
words, ‘the things which are not 
seen arc eternal.’ 

The elements seldom occur in a 
free state, nearly all bodies being 
compound, or formed by the union 
of two or more, rarely excteediqg 
four, elements. oxygen. which is 
t,he most abundant and important of 
till, and, when nnaomhinod. a tastc- 
less and invisible gas, enters into 
nearly one-half of the crust of the 
globe : while of such limited variety 
of stuff is the infinite complexity of 
things in earth and heaven produced, 
that the mass of matter in the uni- 
verse, as the spertroscopic analysis 
of ljght radiated from the heavenly 
bodies shows, is made up of about 
fourteen elements. Living things 

Commenting on this significant 
grouping of atoms. Professor Hus- 
Icy, in his maoterly 6urvcy of the 
progress of science in iMr. Humpbr~ 
Ward’s ‘ Reign of Queen Victoria’ 
says that L this is a conception with 
which biologists are very familiar. 
animal and plant groups constantly 
appeiiring as series of parallel modi- 
fications of similar yet rlifferent pri. 
mary forms. In the living world 
facts of this kind are now under 
stood to mean evolution from a corn 
mon prototype. It is difficuit to im are mainly composed of carbon, oxy- 
agine that in the not-living world ! gen, Iiydrogcn. and nitrogen. 
they are devoid of significance. Is Our knowlc!ge of molecules, as of 
it not possible, nay, probable, that atoms, is yet m its infancy, and it 
they may mean the evolution of our would seem that particles which are 
“ clemen t,s ” from a primary form of ’ beyond t,he range of our most power- 
matter? Fifty years ago such a. sug ful microscopes to reveal may be a6 
gestion would have been seoutcd as astoundingly complex as the giant 
a revival of the dreams of the al&e- orbs of the heavens-nay, as the 
mists. At prcccnt it map bo s&d t,o universe itself. Many ingenious es- 
be the burning question of physico- periments and calculations have been 
chemical science.’ Althoughno known made to arrive at t,heir size and struo- 
energy that we can appl$ can sopa- ture, but they leave the problem 
rate any one atom into two, so that, where they found it. The seven- 
as Dalton said, ‘no man can spilt an hundred-milliontu part of an inch is 
atom,’ we do not therefore any longer ’ considerably over the thickness to 
speak of it as indivisible or immu- which, if it could be done, ;L plate of 
table: all that can be said is that it: zinc or copper could be reduced 
has not yet becn divided, and that, without making it cease to be zinc 
since the present universe hadits be- or copper as we know and handle 
ginning the elements have under- i them. The film of a soap-bubble 
gone no change. scarcelv reaches the millionth of 

For ib matters not into how many ’ a millimitre (.03X37 of an inch\ 
myriad substances-animal, plant, or in thickness. The size of a molecule 
mineral-an atom of oxygen may, of water is about -Rnr&m of an 
have entered? nor what isolation it ’ inch in diamehr ; that is to say, if a 
has undergone; bond or free, it re- 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. The number oi 
molecules of albumen in a cube of 
TirbT of an inch of horn is reckoned 
at seventy-one billions; while the 
egg of a mammal, which averages 
i;T of an inch in diameter, may be 
estimated to contain ‘so many mole- 
cules, that if one were lost or de- 
velopgd in every second, they might 
not all be cxhaustcd until after &re 
thousand six hundred gears.‘* But, 
ilt? al1owir1g huw UIll.~ ap~JWiIU& 

ench estimates 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 t#o grasp the ideas, 
which such fig77res and comparisons 
231-t: 1ntendd iu give. 

We ht~vc now reached a point when 
the grounds for the assumptions 
made concerning the nature of mat- 
ter bhroughout space, whether in 
masses, large or small ; in moleculefi, 
atoms, or iu the tenuous ether, must 
b0 Htbd. 

If atoms are unchangeable under 
their preaent conditions, and changc- 
able c)nls in their relatiul1ti Lhro11gh 
combination with otherratoms, and 
in their distribution in space, it fol- 
lown that nil changes riro due to 
motion. 

2. .P{nJer.--Xotion throughout the 
universe is produced or destroyed, 
quickened or retarded, increased or 
lessened, by two indestrnctiblo pow- 
ers of opposite nature to eacl1 other 
--(I#) Puree, and (f?) EIler~y. 

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

When Force acts between visible 

*Cf. Mr. Sorby’s Presidontiol Address to the 
Royal Micro0eopic Sooiety, Micmsmpi~ J~ntmal. 
March 1876. 

masses of matter, large or small, 
distant or near, it is called Gravita- 
tion,: when it acts between the 
molecules composing masses it is 
called Molecular Attraction, or c&45- 
sion .; when it acts between the 
atoms uniting them chemically into 
molecules it is called chemical AL 
traction, or J&it?/. 

As Force inheres in, am1 can never 
bc taken from, ponderlMe matter, 
every atom possesses the tendency 
to attract, and, in the absence of any 
oppoamg cncrgy sufficient. to over- 
come sncli tendency, the power to 
attract, evcbry other atom, as well a8 
to resist any separating power or 
counteracting energy The sum- 
total of Force is c&stant. and its 
several qualities are grouped under 
one doctrine, called t&e Persistence 
of Force. 

(b) &Ler(/?/ is that which produces 
or qaiclrcns motions separating, rind 
which resists or retards motions 
binding t,ogether, two or more 
particles of matter or of the ethereal 
medium. 

The sum-total of Energy in the 
universe is a fixed quantitj, 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 nan be stored np. 

Etlergy js of two kinds, active and 
passive, or, in %16 terms of science, 
kinetic and potential. fig., a stone 
lying on a roof or on a mountain; z 
clock wound up but not going; a 
bc:d of coal; a barrel of gunpower, 
have potential energy. This be- 
comes kinetic when the stone falls, 
the clock goes, the coal burns, or 
t.ho powder explodes. Not onlv does 
the potential pass into the Kinetic, 
and vice versn. but the several forms 
of kinetic energy pass into one 
another-motion into heat, heat in- 
to electricity, electricity into heat, 
light, and c.hemical 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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dewy of all passive Energy is to be two powers in conflict, like the 
converted into astive Energy until Ahriman and Ormuzd of the old Per- 
a deatl or uniform level is reached, Sian religion. the universe is the 
as in bodies of the same temperature, the;ttre of ceaseless redistribntions 
wherein no differences of separating of its contents. whether in the sweep 
power remain. The significance of of the stars aud their attendant RJS- 
this will be apparent when the ulti- terns thr6ugh space, or in the pentl- 
mate destiny of the universe is con- ulum-like vibrations of the invisible 
sidered. particles of every body, or in the 

These qualities of convertibility throbs of the ethereal medium. So 
and indestructibility are grouped rapid are the motions: the rebounds 
under one doctrine, called t,he Con- between each molecule. in hydrogen 
servation of Energy. gas numbering seventeen thousand 

The lm&tence of Force and the nGlliuna 1,~ secuml. tLuL CV~II iI the 
conservation of Energy may be molecules were within microscopic 
grouped together under the doctrine range we could not see them ; and 
of the Indestruat,ihilit.y of Power. yet. t.huae cnllisinnc: are few compared 
Force is the attracting or pulling with the oscillations of light waves, 
power ; Energy is the repelling or which number hundruds of millions 
pushing power ; and by the antag- I of millions in the same time. 
onism of these the work of the uni- Such action shows t,hat just as 
verse is done. Every mass pulls there are spaces or distances between 
evcrv other mass by the force of the stars measureless in their vast- 
gra’ditotiun; the earth the nloon, the IWSS, CJV tl~~e art: p,ureb: UT np,aoer, 
sun the earth. some other star the between the molecules of bodies, 
sun, and Gee zgersa. And the moon and between the atoms which cou- 
woultl fall to the earth, as also the pose the molecules, measureless in 
earth to the sun. but tbnt the energy ) their minuteness. And if added 
of their orbital motion overcomes ‘proofs of these intermolecular and 
tile force. When a loaded wagon interatomic spaces were needed, we 
is pulled. especially uphill, the find t,hem in the contraction and ex- 
muscular power whiih, in the form pansion of bodies through the ynick- 
of kinetic energy, is expended by ened or retarded vibrations due to 
the horse overComes the rtttractive t,hr wpmr;tLing enel-gy utniferrl as 
power inherent in the earth to draw heat: in the compressibility, although 
the wagon towards its centre and slight, of liquids; in the actual so- 
keep it there. When tile energy of litlificntion of the moat refrctory 
heat which drives asunder the par- g::~~rs under extreme cold and pres- 
titles of bodies, changing them from sure, oxygen rrsemblin~ snow in 
the s&l to the liyuid or gaseous appearance, and hydrogen falling on 
form. is expended, then the particles I the floor with the rattling noise of 
resume the solid form in virtue of liail. But more than this. These 
the force of cohesion. pores between invisible pAicles, 

If Force L-d rtnresisteJ play, all i&tie ~p;~ces Ldween slur ud nlrtr. 
the atoms in the universe would, spaces so vnst that tlie diamctcr of 
fin\Yitate to a common centre, and the enrttl’s orbit, measuring one liun- 
ultimately form a perfect sphere in drcd and eighty-eight millions of 
wliicll no life would exist, and in miles, seen from tlie nearest star, is 
which no work would be done. If ! but a pin’s point, are not vacant. 
Energy had unresisted play, ttle i Speaking of the force of gravitation, 
atom& in the universe would be driv- Newton said that to conceive of one 
en asunder and remain for ever sepa- body acting upon another throl?gh 
rated. with the like resuIt of change- a vacuum is so great an obsurdlty, 
less powerlessness. But with these, that no man who had &in philosoph- 
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id lnatters n competent faculty of sonurl: in steam, and in substances 
thinking’ could ever full into it. vaporized by the voltaic arc-its es- 

And the like applies to the trans- i tre.me rarefaction in such bodies 1~s 
mission of light, heat, rind other comets, the stuff of whose tails, 
forms of energy between bodies far I spreading across millions of miles, 
ad near. Therefore for tllu espl~~- ‘could be compressed into R small 
nation of these varied and yet re- vessel; prepare us to conceive uli- 
lated phenomena it is n necessrq seen realities. Thus, when thu SW- 
assumption that the minntest inter- / sory organs are powerless to report 
vds between rttoms, i lS well as the the facts, Scieuc’e, 
awful spnces of the universe, tire f;lcnHy 

excluding no 
from wholesome esercisc. 

filled with IL highly r~cficd, elastic bids Imagination use her larger in- 
medium c&d Ether, which,. ever, sight to make clear the significance 
trtmulous bill1 urwr~lun~lccl \ibru- 1 uI Lhe thingn which c2-p lath not 

tioI;s, is the vehicle of Energy alike I seen nor ear he;trd. 
from the infinitely great and the 1 The value of the foregoing rtb- 
iniinitely small. stract of the rehtionc; between M:Lt- 

That mntter sl~oul~l be unseen and / ter UNI Power will be proved or 
unfelt is no new conception to us. i clisproved in the degiw in which it 
Its existence in an ultrqaseons j squares with the phenomena to be 
state as proven by the action of hereafter described tint1 expbinerl. 
molecnles in tubes where ~3s h$$ a JIe:cnwliile t,he subjoined tabular 
Yacuum as seems possibleis obtnmed ; , summary may set the subject in n 
itt3 invisibility il l uir-tilt: velliclt: of / clalt~2r light. 

MATTER. 

I I 
FOHCE. 

I 
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CHAPTER II. The &ffereucea Letween the atara 
j are in their sizes, their brilliancv or 

DISTRIBCTION OF MATTER IS SPACE. magnitude, and their colurg this 
‘last giving some clue to their stage 

MATTER is both visible and invis- 1 of dev&pment. For there are 
ible, ponderable and irnpondornble. 
In its ponderable form it is distrib- 

stars $w1111g, middle-aged, old and 
decrcplt ; and there are stars cold 

uted throughout space in bodies of and (lea,& radiating no energy, and 
varying densities ; in its imponcler- whose existence can be known only 
able form as ether it fills the: inter- 11y their influence escrted through 
ds betweeu the particloa compo,siilg the force of gravitfbtiun upon bhe 
thoso bodies, as also the vast inter- proper motion of other bodies, as, 
~~1s between the budles themselves. e.y., of Sirius by its unseen com- 
The most important of these-as the, pamon. 
saud by the sea-shore, innumerablo- Astronomers have not yet arrived 
ure the ‘fixed’ stars. so called from I at anv certain conclusions rerrard- 
having no apparent motion of their ing tlce general distribution of n&ter 
own, although in realitv trnvelling at i n-t space. But the combinations. 
en&nons vzocities. l%ach of t&se, , as &en from our system, are US 
unless it be an extinct,. burnt-out sun, I varied as they are complex. Besides 
shinon Iby its own light, awl is proLm I double allrl multiple shra--their z5p- 
ably, like the sun, which is itself a, parent nearness to one anorher often 
star. t.lie centre of a system of plan- I being due to t,heir lying in nearly 
ets with their satellites 0; moons and the same st.might, iinp: from 0rG 
other botlics. ‘One star differ&h 1 svstem-there are the constellations, 
from another star in glory.’ Xot! 1 n&y of the names of which are rel: 
speaking broadly, in 
which all are made, 

the stuE of; its of that animistic stage in man’s 
for the light belief when everythmg was pcrson- 

thrown by the spectroscope on the I ified. There are also star-clusters, 
chemistry of the heavcnl? bodies has light, cloudy-looking patches, made 
revealed their general identity of 1 up of suns which, from our point of 
structure. No matter how distant. Cew, lie densely packed together in 
the star, so long :LS the light emitted 1 numberless galaxies. 
23 strong enough ; broke n on prisms I Besides t,Ile tistvl stsw n.wl tlleiv 
it reveals through its spec%rum not ’ systems, straggling in scattered 
only what elements are present in g~ups on tither side of lho milky 
t,he glowing vapor, but even the di- : way or composing its cloud-like arch. 
rection of the star’s mot%m, ,i. TV. 1 there are the vast 1~cm3es of glowing 
whether it is receding from or al’- matter called, in oonttittlistinction to 
pro;iching our system: The annunl the stellar nebnl+ which the tele- 
l’“ld:lX (Or th! &1~J’L“~“llt ‘hlllgt: Uf 1 MY,pc h&S WbOlVd illhI hl;lM, h'"SGUUb 

position a~ seen from opposite points 1 nebulae. These are of rcgult~r and 
of the eartll’s orbit) of the nearest irregular shape, circuhir. elliptical, 
filet1 st,ar, Alpha Ccntauri. is nearly I ant1 spiral : t.hry n.re t.110 YtXw fituff 
one second of arc, giving a distance of which suns ant1 systems are 
of twenty millions of rnilliuw of I formed. 
miles. So vast is the interval, that These nebula!; the fixed st&rs, 
onr solar system would appear as with whatever appertams to them, 
only a point, in space when viewed and the vagrant bodies known as 
from t,his star, the light from which, comets, with their more or less as- 
travelling nt the rate of one hundred so&ted myriad meteor streams, 
and eighty-six thousand miles per down to the fine cosmic dust that 
second of time, takes nearly three : falls on polar snows or sinks into the 
years rImI a half to reach IIS, so that 1 deep ocean : c.omprise 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 

laws of which may one day be recog- 
nised, though at present they are too 
complex to be understood.’ 

CHAPTER III. 

THE SUN AND PLANETS. 

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

FIG. 1. -Sun-spots. 

edition of the ‘Encyclopedia Brit- 4, Comets, together with Meteors or 
annica : ’ - Shooting Stars. 

‘The sidereal q&em is altogether The Sun. consists of a nucleus, 
more complicated and more varied in surrounded by envelopes called the 
structure than has hitherto been photosphere and the chromosphere, 
supposed: in the same region of the outside which lies the mysterious 
stellar depths coexist stars of many corona, whose delicate silver radi- 
orders of real magnitude; all the ance forms the glorious nimbus of a 
nebulae, gaseous or stellar, planetary, total eclipse. The nucleus is a 
ring-formed, elliptical, and spiral, gaseous mass, burning at a tempera- 
exist within the limits of the sidereal ture of which we have no conception, 
system; and lastly, the whole sys- being probably millions of degrees ; 
tem is alive with movements, the but the condensation which goeson 
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under the radiation of energy may 
have already reduced the core to a 
liquid or putty-like state. The disc 
which we see includes the vaporous 
phootosphere, with its puzzling grain- 
like face, here and there pitted with 
the cloud-patches or spots, from the 
movements of which we learn that 
the sun rotates on his axis in twenty- 
five days. The chief constituents of 
Lha chromosphere are hydrogen and 
an element unknown to us, called 
L helium; ’ and it is from this atmos- 
phere that the red praminenow 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 
system, he is by no meana the big- 
gt& of the stars, an& as compared 
with them in brightness, probably 
does not exceed the third or fourth 
magnitude. But 110 has the greatest 
interest and importance for us, see- 
ing that to him are due those mani- 
fold energies by which the processes 
of nature, both chemical andvital, are 
carried on within the limits of his 
system. Further, with the knowl- 
edge which has been gained during 
late years concerning the sameness 
of the stuff of which nebuhq stars, 
ad phnets are spun, the nature ancl 
arrangement of the contents of our 
solar system enables us to make 
lawful analogies concerning t,he con- 
tents of systems beyond it. 

gravitation, which would otherwise 
p~dl them 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- 
sessing greater density will be given 
hereafter, but onr system itself wit- 
nOsElea to the passnge of plu~ata and 
satellites to an ult,itnately soIid form. 
Some, like our earth and Nars, have 
cooled down snffiriently to he COT- 
ered by a hard crust, and to be fit 
abodes for living creatures ; others, 
like Jupiter sncl correspondingly huge 
bodies, are still in a more or less 
heated and partly self-luminous con- 
di tion. The smaller bodies have 
long been c.old rind inert, like our 
airleq silent, and barren moon. In 
her pale redectecl light, her scarred 
surface, and her vast ringed craters, 
illumined no longer by &me of 
aent~rd fires, wo learn that what she 
is the planets and the sun himself 
will one day become. 

Of the solar radiant energy the 
plwets receive or intercept only the 
two hunclred and thirty millionth 
part, the earth receiving but the 
two thousand one hundred and 

The WLILOO/M revolve round their 
several planets under similar re- 
straint of force and freeduru UP eu- 
ergy as the planets themselves. The 
gaseous mt1sses composing comet8 
and meteor Adams f.m.v~1 in wry 
eccentric o&its. In fine, motion is 
everywhere, in ether, atoms, mol- 
ec,ule, and mass: the sun, like his 
fsllow-stars, has his prbper motion, 
carrying with hh planets, satellites, 
and whatever other bodies are with- 

wventy millionth part. Even n , in t,he influence of his force uf g’avi- 
large proportion of this energy is t&ion. This is itself obedient to 
immediately, and the whole of it the attractions of bodies perchance 
finally, i-a&ted into space. as much exceeding his own in power 

The Planets, one and all, revolve (as he exceeds the mote dancing in 
in nearly circular orbits, but on rath- his beams. 
er differently inclined planes, round The mass of matter called the 
the sun, in virtue of that encrby of earth is of nearly spherical shape, 
orbit4 motion with which each was being slightly flattened at the poles 
endowed at birth, ancl which counter- and bulged towItrds the equator. 
acts the opposing force of the sun R 1 It consists of a core within a rocky 
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FIG. %-Lunar Crater : Copernicus. 
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crust, three-fourths of which is cov- 
ered by a layer of water, and the 
whole surrounded by ar, atmosphere,* 

The entire mass, solid, liquid, and 
gaseous, spins 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 nnc.omhinecl elr- 
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 mad0 up of 
about sixteen out of the sevent,y 
clernentnry mlbAancea, and uf &sit: 
sixteen the larger number exists in 
smitll proportion. It is computed 
that, fully one-half of t,hs crust, mm. 
sists of oxygen which it has taken 
into itself from the atmosphere, amI 
that already one-third of the water 
of the ocean has been absorbed by 
minerals.t The average density of 
the earth is abcJUt five times and $1 
half that of a body of the same size 
made of pure water, but the large 
extent covered by the ocean iu the 
southern hemisphere, whither the 
tendency to collect was probably 
manifest at the outset when the 
steamy vapors condensed and fillecl 
the clspressions in the crust, points 
to an excess of density m that 
dir&ion. 

IVhrtt the insida of the earth ia 
like no man can tell,$ but it is pro- 
bably solid throughout, the denser 
mat,erials being at. the wnt,w, nncl in 
a state of intense heat at no vorv 
great depth, as manifest in volca& 
outbursts and allied phenorncna. 

These show that the unquiet earth 
has not Yet lost the whole of the 
ori+A store of energy which it ac- 
qmrcd during the tiggregntion of 
the particles of which it is built up 

in their pswge from n ClifFused 
nebulous state to one of increasing 
density under the action of the force 
of gravitation. But the escape of 
that energy through the crust to the 
ethereal medium is unintermittent, 
and its final dissipation into space 
is therefore only a question of time. 

The crust was probably never 
uniformly smooth, because the con- 
traction of tile int.fvinr rnn.SR I(S it 
cooled wi~uld 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 other agencies would 
score more &eply in the face ul Ihe 
globe, giving thereby beauty and 
variety in valley, mountain, tible- 
land, and all &A tJ1n.t makes the 
earth so fair a dwelling-place. 

Our knowledgo of tho crust ex- 
tends only 60 a relatively small 
depth, the aggregate thickness of 
tNhe strata or layers of rock already 
measured being about twenty five 
miles, or the one hundred and six- 
tieth part of the earth’s eemidiame- 
tNer. 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. Hocks are divided into two 
classes-unstratified and stratified. 
The wwtrat@ed, which are also 
cdled igneous or Plutouio, ewl~wt, 
all rocks which, as they now exist, 
hare been fused together by heat, or 
erupt.ed from the arth’n interinr by 
volcanic agency. The slratifiet7, 
which are also called aqueous or 
Septunic, embrace all rocks which 
have been deposited as sediment by 
the action of water or of the atmos- 
phore, or which are due to the 
growth and decay of plants .and 
animals. With this class are grouped 
the metamorph,ic, for the most part 
stratified rocks which have been 
metamorphosed into a crystalline 
state by the action of heat and 
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 
t.race remains. 

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

tell us nothing concerning 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:- 

Epoch Thickness of 
strda. 

Archieolithic or Eozoic (daufn ?ifi), 70,000 feet 
chieily metamorphic 

Primary or Pal&z& (ancient life) . 42,000 “ 

Secondary or Mesozoic (middle Life) 15,000 “ 

Tertiary or Cainozoic (recent We) . 3.000 I‘ 

Quaternary or Post-Tertiary . . 600 “ 

CHAPTER IV. 

TEE PAST LIFE-HISTORY OF THE EARTH. 

GEOLOGY 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- 
set to their contenta-that is, to 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 
through 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, 

. 
Plant Animal 

I I 
Algie Monera 

(Chiefly marine) 

FWllS Fishes 

Pine forests Reptiles 

L;O;%;saxine Mammdn 

Existing species 

are traced. For in them lies the 
record of life on the earth through 
measureless time; the life that was, 
parent of all l8e 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 it is 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 R.TFI not great,er 
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 havoc and 
effacement wrought by the earth’s 
internal heat, the formation of every 
deposit involves the waste of an old- 
er deposit, which has in its turn 
been derived from more primitive 
stuff, the effect throughout being 
mutilation 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 

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 acci- 
dentally enveloped in the flowing 
lava or dust of volcanic eruptions, 
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 

Fro. a.-Footprints of Birda, with (2) marks of Raindrops. 

cooled into true volcanic or fire- 
formed rocks. 

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 representecl in acLuct1 l&g- 

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 agent#s, in destroying the 
original structure, infiltrate the va- 

Although fossils are found only in 
sedimentary rocks, they are not uni- 
versally present in them. Varied 
md mixed zw Illuse I-uukri art3 iI1 cum- 
position, it suffices here to group 
them under two heads-l, Hrose 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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posing chalk, limestone, and other The stratified rocks are snbdi+dorI 
organically derived rocks. But what- into the systems shown on fig. 4. 
ever t,heir 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 thorn at all angles, clcayed layer like the skins of an onion ; bur 
and contorted them, and superposed whatever gaps exist locally do not 
the older on the newer, there is a 1 nf&ct the relative age and place of 
well-ascertained Ruccession in them j each stratum, which, as remarked 
which their fossils alone have enabled ttbove, are fixed by the fossils. h’o 
ns to determine, each formation ha-r-- nniform principle has pcrvarned the 
ing its own characteristic kinds or choice of the system names. SWllC- 
tlomillant types of plant and animal. times t,hey indicate the place where 
h’c It, tll~t, tlwrl? ILI-P rmy hnd and fltat, IL formation is markeclly developd : 
lines bctwccn the disappearance of i sometimes as the Silurian (from the 
an earlier species and the nppcarance / SiTur~s a tribe of ancient Britons). 
of a Inter species, the forms being the people formerly inhabiting the 
oft,en commingled. Some of the low district ; sometimes they denoto tplb- 
and simple types persist through al-, ical features of tho formation: but 

FIG. 6.-Ragmeuts of fSbzo0n fYanadenae, natural size. 

most all formations ; some of the i they are the accepted nomenclature 
more complex are fonnd in only one in t,reatises on gwlwgy, and are 
or two formations: but there is a thcreforo adopted here. 
merging of one into another: there, 1. PRmraRY.-The jl~ IL P e ?L t i (I, ?L 
we grudnticdw tnxl alliances of type?. rocks, writ and venernlde ,wrlimfJntn 
as of birds with reptilian charact.ers, of primeval seas, are highly meta- 
and ~r*ice versfr. Ant1 although seem- 1 morphic. Heat, moisture, and enor- 
ingly isol&d types occur, or the I mous pressure have changed their 
divergence between earlier and later I sandstones info sparkling cryxtalline . . . 
types has blurred their relation, it rocks, and their li&stones into veined 
mill be seen that the modern are the and variegated scrpentines. FI.K- 
ancient slowly and wondrously mod- merly they were classed as i Azoic ‘-- 
i6ed. In short, the life-histoq of L d. 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 Canad% whence the 
ist because the record is mutilated. general na.me of the series is de- 
Nature, like the Sibyl of &ma+ has rived, have accluirc,d special interest 
destroyed her books. from tho discovery of certain veined 
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structures in them, pronounced Iby and change-bringing millions of years 
home autheritics* to be the remains to this day, shedding their shells on 
of a large foraminiftbral animal which the ocean fleer, as their ancestors 
has been named %r,z~~~~ Cmtrtlmse. shed theirs, forming vast chalk and 
The fornminifera form perforated limestone hills and mountain ranges 
shell-coverings of exquisite symmc- in relatively shallow seas. Not in 

Fm. H.--Organisms in Atlantic Ooze 
/ (highly magnified]. 

Fm. C,. -Foraminif+r, Uobigerha bulloidr.~ 
magnifirtl awer>ty dinmeters. ,phia forrll i; since the fossiIs are shown to re- 

foutld floating in tropical and temperate / semble present shoal water deposits 
seaa. / uA~er than similar oozes found in 

try ant1 beauty from the lime which 
they secrete from the water. 

‘The longevity of an organic type, 
has, on the whole, been in inverse 
proportion to it.s perfection ; ‘t and 
some of the lower types may smile at 

water over a t.housnnd fathoms deep, 
which fur’cher eeufirms the theory 
that the great ocean beds have never 
been upraised. While some secrete 
chalk, others secrete fliut. Among 
the latter are the minub plants 
known as diatoms. whose semains 

FM. ‘I.-Section of Gravesend Chalk. 

man’s ‘claims of 1~ lng descent,’ for 
they have survived through the long 

- 

Frci. 9. -Diatoms from ‘ Inforsorial 
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 miliion skeletona go to 
make up a cubic inch. 
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It matters little if LLu ul-g2&c huuiirecl milen into the Atlantic, the 
character of Eos-eon CU?LI&UYB bo sediment being deposited in a shal- 
finally disproved, for plentiful traces low sea which then covered Central 
remain that the Laurentitm waters and Southern Europe, and the floor 
swarmed with living things of low of which was slowly raised as a 
type hut enormous size. The lime- primitive European continent at tbe 
stones, the abundant graphites, and close of the Silurian period by sub- 
the great betls of iron ore which oc- tcrranean movements. The land 
cur in its rocks W-Q clue to the action plants, which are the enrliest as yet 
of animal and plant life. met with, nre allied to huge club- 

The (I~~nabrlrns rocks, altllw~gh leau mwme~1, mce~tors of the gigantic 
metamorphic, ltdd little t.o our know- forest-kings of Devon&n alid Car- 
ledge of primitive plant-forms, such bonifernus times. The most Rncicnt 
as are preserved lying pw>hnlaly nlg:r, of all lmow~l land animals is a scorpion 
or seaweed, corresponding to the found in the upper Silurian beds of 
tangles covering large ureas of the, both Scot,lencl snd Sweden;* while 
Atltmtic, especially the region called the marine remains are varied and 
the Sargasso Sea. 15ut the system numerous, comprising seaweeds, fo- 
is fairly rich in fossils of marine nni- / raminiferq corals, s&r-fish, shell-fish 
mals, themselves t,he descendants of a of every kind, triIobites, and huger 
long line of perished ancestors. lub&er-like crustaceans, some times 

measuring above six feet in length. 
But the must important fossils are 

tltow of the earliest known rerte- 

FIU. lO.-Trilobite. 

Sponge8, sea-lilies, and low forms 
of mollusca, or true shell-fish, are 
found ; but the typical and most 
perfect fwasil ia t.hat Of the three- 
lobed crustaceans culled trilobites, 
which swarmed in those ancient seas, 
ant1 surviveii till the Carhoniferons 
period. 

The Si’Zuria~~ rocks, although ex- 
hibiting in crumbled and rugged 
mountain chains the nction of agents 
both above and below the earth, are 

In this seemingly sudden nppeer- 
ante of highly nrgnnized animals 
marking so great an advance in strut.- 
ture on the higher invertebrates, the 
imperfection of the geological record 
is brought home to us. For if later 
forms are modified descendants of 
earlier, then not only are the transi- 
tiona,l ancestral forms of the gannids 
missing, but t#he species itself is 
enormously older than the fossils 
imply. The inquirer, humever, need 
not despair, for only a limited por- 
tion of the dry land has as yet been 
explored with tmy completeness, and 
there are vltst fossil-holding areas 
submerged and inaccessible : yet one 
by one &Ping links are being found. 
Probably the preclecessnrs of the 
g:annids, the skeletons of which are 

much less metamorphosed than the ’ cartilaginous, mere of u structure too 
preceeding systems. They are in 
large measure the worn fragments *Smithmnian Rqm-t, 188-I, p. GM. 

of land areas which stretched across tniscoverrd by Profrnaor C!leypole neck’ the base 
of the Upper fiilurian in Pennsylvmirr ; cf. Smti- Northern Europe for above two soniu,l -t, MM, p. W. 

brutes, in t,he form of armored 
fishes,t sllied to the sturgeon, and 
called gannids (Gr. qnl~os splendor ; 
nud ei&q form), from the brilliancy 
of their enamelled s&es. 
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aofl Lo perluil uf Iheir prewervtition 
in a fossil stute. 

In this brief survey of the threo 
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 ronception. is possible. 
The lease-line of our lift is too short 
rur IllUatitll-Ul1lellL 1.d LlV.3 cliatunce 
Jyhich separates the foraminifern 
from the gnnoids: of time, as of 
;y;e, we see neither bqqinning nor 
1 

Jjw Dewmitrn imtl Oltl lie17 1\:1,2tl- 

trees, us proven by the c.oncentric 
rings of growth in their trunks. Of 
land animals, the preservation of 
which is so rare in all deposits, there 
are no traces ; no reptiles wallow in 
the lagoons and marshy %ats, neither 
are the verdant yet flowerless for- 
ests brightenetl by the plumage, nor 
their stillness broken by the s&g, of 
bird&. But we find the earliest 
known insects ; some happy chance, 
like that which euvctopes the insects 
of Tertiary forests in amber-the 
fossil resin uf their conifcrw has 
preserved a frngilo wing, with the re- 
mainsof n s tridulafng organ attached 

stolse rocks, ahile evidencing fre- as in the grasshopper ant1 cricket. 
quent. retliF;t,ribiltion of SBiL imtl lilncl. wherewith then. as now, mates were 
have undergone, a~ compared with attracted or rivals challenged-per- 

FIG. 11.--h, Recent Ganoid Fish : R GanDid from Devonian strata. 

the older systems of the Prirnnr;v chxncu ‘the first music of living 
epoch, but slight disturbance from I things that geulogy as get reveals.’ 
the upheaving and contorting agen- i Fresh-water fossils nbould, but 
cirs beneat,h. They are mitloly dif- 1 the predominant, types are marinc- 
fused. extending f&r north wit.hin large sponges and corals; ‘lamp- 
the brctin circle ; and although their shell ’ moll~~ca, mbicil have persjst- 
fossil contents are velp incorqMe, ed in varying forms from Cambrian 
they bring less fragmentary witness- i times to t,hllf present; crustaceans 
cw to thnt continnity of lift t,llo I lmqr than nny thnt 11nvc lived &xc, 
recorci of which is so markedly hro- : and of which even the spawn misses 
ken in more ancient &posits. This I are sometimes preserved. More or 
is specially nppn,rcnt in Mle relative 
abundance of veget,able rerunins, by 
which we may for the first time con- 
struct some. picture of plnnt.life on 
the globe in Pnlacozoic times. Sot 
only do me find huge t.ree-like plants 
of which our clnlmxosws and ferns 
are pigmy representatives, but true 

less sp&al typ& appear and then 
vanish, through inability to adapt 
t.hemsclves to new surroundings and 
changed climates. But the Devon- 
ian is notably the ‘nge of Ii&es1 and 
its waters swarmed with the ganoid 
type. 

Coal is formed of compressed and 
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lovelied colom, rxrlninite perfumes, 
snd curative drugs from gas-tur, 
even sugar therefrom, three hundred 
times sweeter than that from the 
cane-these sre the rich gifts of the 
deep rocks, which st.ruck by a more 
magic rod than Moses wielded, lrnve 
given up their treasures for man’s 
needs and delight. 

chemically altered planta, and oc- 
curs in all mater-laid rocks, although 
in very diGrent 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 depositea of coal, lignite, anti 
turf spread over the whole earth, 
and the bituminous substances as 
great or even greater in quantity 
which permeate mountain forma- 
tions, besides asphalte. netroleum, 
&c., are products*of the decomposi- 
tion of eurlitir vegetutions, which ill 
the course of millions of years have 
taken from the atmosphere the car- 
bon contained in these substnncee, 
and transformed it into organic sub- 
stance.‘* 

The climate and soil, during long 
ems of the Cczrbo~~iferur~8 system, 
specially favored the growt,h of 
plants most fitted for coal formation. 
A large part of Europe (and the like 
conditions apply wherever the true 
coal measures abound) was then 
covered with shallow waters, both 
salt ant1 fresh, divided l)p low ridges, 
bases of future mountain ch:uns, and 
dotted with islands; while numerous 
rivers traversed the land. and silted 
up lagoons ant1 lubes with the d&-is 
worn from older rocks. Vegetation 
flourished space on thesie river bm~lra 
and marshy flats, and. with inter- 
mittent subsidence of the soil Occur- 
ing qain a~1 a+n, was lmrierl 
under sand and mud, becoming 
changed into coal of varying seams 
of thickness. Hence the abundnnc~c 
of this mineral in the Carboniferons 
strata, which. as a whole, yield more 
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 : wals wherewith to 
drive them; purest oil from muddy 
shale ; jet for t,he lapidary’s art; 

* ~Sach’~ Lx& m the Phytil. of i’kmts ,>. 094. 

Of the plants forming the cod 
measure*, the larger Illinllwr are 
oblitcratcd, but they all belong to 
the lower orders, as do the club- 
mosses, tree-ferns, and other forms 
which, in the warm, moist atmos- 
phere of those times, reached n 
gigantic size, and had a world-wide 
I-ung;a far iuto north politr regions, 
where coal seams have been found. 
Of the animal life that dwelt amongst 
them we knnw very lit,t,lt?. 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 which above 
eighty species occur. walking-stick 
insects a foot long, huge Mny-flies, 
and other insec,ts : the honey-seeking, 
pollen-carrying species being still 
absent from the sombre forests. 
The first known land vertebrates 
appear in t.he salamander-liko and 
long extinct amphibians called ls,by- 
rinthodonts, from the labyrinthine 
structure of their teeth. The ma- 
rine I-nmains are still dominant. 
The lower types persist; the trilo- 
1)ites are on the verge of estinction, 
1 mt higllp,s founn of the same 
group, allied more nearly to the 
lol&cr and the shrimp, succeed. 
The first known oysters appear, and, 
to the joy of the epiCur(i, have sur- 
vived all changes until now. spread- 
ing themselves over the whole north- 
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em hemisphere. Forerunners of the ’ leading Pulzozoic t,ypes are extinct. 
beautiful rtmmonites are found; and Severs1 plants of the Coal and Per- 
the fish, while still of the armored mian systems have c&appeared, and 
species, hare a more reptilian char- the floru consists mainly of ferns, of 
acter than their Devonian ancestors. cycads or palm-ferns, and of conifers, 

The life-features of t,hc I’ernGcsz or pines rind firs, to which the cycnds 
systeml the last division of t.he Pri- ’ are allied. Among the invertebrate 
mary epoch, differ but little from animals certain molluscs nre no 
those of the Carboniferous; the only, i longer found, but there is an inter- 
although important, distinction is in mingling of old and new types. 
t.he remains of true reptiles with ! O~stertl und whelks und members of 
crocodile-like characters. * 

2. SECOKDARY.--RG now leave the 
Primary epoch and enter t.he Second- 
tory epoch, with its widely different 
features and c(JntentS, explic&lc 
only by R great break in the succt~- 
sion of strata, cmd by an enormous 
lapse of time for the modScation 

t,he cuttle-fish group are abundant. 
As yet fishes exbibit no marked ad- 
vmre in fhncture, m(l the lnbviinth- 
odonts, the time-nmge of which is 
thus shown to have been enormons, 
are changed only in size, RFJ their 
footprints evidence. Reptiles allied 
to the crocodile group, and sea- 
lizards. which sttaiued g$gantic size 
in Iular periods, nre now the domi- 
nant types. Whether certain bipedal 
footprmts in the Triassic sandstones 
nre those of birds is doubtful; per- 
haps they are tracks of reptiles with 
birdlike movements. But in the 
absence of proof that they are due 
to birds, assuming thnt these pre- 
ceded mammals in the succession of 
species,* a great link is missing in 
the Trins, since that system has 
yielded teeth of tale earlie& known 
mammal.7 It was brobably of the 
marfiupinl or poucl~~l order, 0 form 

I now represented most nearly by t.he 
FIG. IL-Insects in Amber. Austrlllian phalangers and the 

American opossums. 
of t,he life-forms. Although, RR in 1 The .1~~ssic or Chlitic system oc- 
every period, volcanic action is msni-. ! cupies extensive areas in both hemis- 
fest, the igneous rocks being p~~hcd ; pberes, and ranges from the Arctic 
through the strata, or m)w and ngtlin I circle lu Australia. Its stmta. 
alternating with them, we meet with , l:~gelp composed of coral growths 
few traces of the metamorphism and other organic? remains, are rich 
which so baffles examination of the ’ in special life-forms which are limited 
earlier rocks; we can mark more to tlie Secondary epoch. 
definitely the boundaries of land and I Its s~s which overspread the 
water. measure more nccurntely the 1 greater part of Europe, covering the 
changes, and trace more clearly the 11 
relations between the successive life- 

arge sttIt lakes of tile Trins, swarmed 

forms, of which the mitrine are still *“. ueilprin’ r’ “r’ t aI entmtain no flclrt of Ambt that the regtilm 
the prepon&&ing. rind the reptilian i)irds, and mammals nf thr rria~ RW the direct 
the most marvellous. / de%cendantn ot’ reptile& bird*, and tnamma1s 

In the earliest division of this 
which existed in the Latter pi? of the l’almozoic 

i epoch, but not in auy area of the prraalt dry land 

epoch, the Tria&c, many of the 1 
which bw ye4 berm ~xplor~l by the gcologiSt.‘- 
Huxley’s CWiques and AddrcrseJ. 
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C&mite. 

FIG. 1 Y.-Fmsil Plmts 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 succeeded the trilo- 
bites and other crustaceans; with 
ganoid fishes, sharks, and rays. And 
‘there were giants in those dsys’- 
monsters of the deep-in the feroci- 
ous sea-lizards? with their fish-like 
bodies and flipper-like limbs ; mon- 
sters of the land, t.00, of dread 
aspect and size seen neither before 
nor since, one found in North Ameli- 

While the sea, then, as ever, was 
the more thickly peopled, the land 
had a far more Important au-breath- 
ing population, both of small things 
lnd great. The hum of insect life 
filld the cycadaccmm forests, lmtter- 
flies* sported in the sunshine, spiders 
spread their nebs for prer. and the 
remains of marsupials point to the 
range of t,hese small but highly 
:)rganized creahlres over Western 
Europe. The plants and animals of 
the British Isles in Jurassic times 
probably resembled those still found 
in Australia, wllich, by reason of its 
long isolation from other c0ntincnt.y 
has preserved in its pourhed man- 
~nals, its mrtd-fish, and its cycads 
~101‘e rtrtcient, life-forms than any 
)ther country, perhaps New Zealand 

’ , excepted. 
1 The v:tst chalk formations of the 
globe are the typical features of the 

can beds being, it is computed, more 
than one hundred feet in lengt,h 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 five 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 

birds, and with claws, F&I, 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- 
:eopt,eryx, 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 t,o 
free clams t,o each wing, the tail IK 
long, and made up of separate bones 
or prolonged vertebrae, a feature 
nutoil in tlrn embr-p5 uf bircln. The 
remains of a bird about the size of a 
crane, but with uncertain affinities, 
lmvn :~.lso 1we.n fmmtl in the Jurassic 
beds of Wyoming. 

Frc. Id.-l&&mnitea. 
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FIG. 15. -Plerriosaurus. 

\,I 

FIG. 16.-Pterodactyl (Wing finger). 



THE STORS OF CRBATIOK. 27 

which were converted into chalk, and, knowledge of ancient life-fwms, 
the skeletons of sponges and other ’ dragons of the prime.’ croaodile-like, 
organisms rounc? whic.h silica has / bird-like, and bat-like, are found; 
gathered, folming the flints which; also toothed birds, with reptile-like 
occur in limestones of all ages from 1 brains, and the remains of true birds, 
the Silurian downwards. Nolluscs, I these last being rare in the Old 
nautiluses, belemnites, ammonites, World. Little trace of the Crotace- 
some of them the size of a cart,-wheel, 1 ousland-areas remains, but the plants 
swarmed in its waters; and with 1 of the upper strata resemble existing 

J?Ia 1X-Archseopteryx. A, Foaail nhwing tail and tail-feathers (reduced). Thin, the 
only known specimen, is in the Natural History Museum, South Kensington. B.. 

Archsopteryx restored. i 

them the huge reptiles of Jurassic 1 vegetation, as angiospermons 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 06 
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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FIQ. 18.-Ammonite. 

FIG. 19.-l, Fossil Perch. 2. Fossil Salmon. 
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Of the total Lhicknesa of Lie wtrltti- 
;fied rocks, estimated at one hundred 
and thirty thousand feet, the Second- 
ary systems occupy only fifteen thou- 
sand, or less than one-ninth of the 
whole. But their imporhnce, like 
that of later and thinner formations, 
is not to be measured ty t’he space 
which they fill, since it ‘is during 
their deposition, when, as the coal 
L?~IUU t~uLi curul cXepuk3it.s of extreme 
northern zones show. warm climates 
prevailed, that the harked advance 
iu nl>ocializstion of Dlnnt and ani- 
mal iorms is manife& 

3. TERTIARY.---Those warm cli- 
mates continued far into the Tertiary 
epoch, but they were followed by de- 
clining temperwtures, which&last re- 
sulted in the long and intermittent 
period of intense cold known US 

the Glacial epoch. Large areas of 
Europe and North America were 
then swathed in ice, which gouged 
and mo=ulded the subsiding land. 
choking the sea with &&is, and 
destroying numberless species of 
plants and animals, to the lasting 
biological impoverishment of after 
times. In the end the temperature 
gradually rose to its present lovel. 

The Tertiary epoc.11 marks the be- 
ginning of the present order of 
things, rind of t,ho &sting &strih1z- 
tion of land and sea, as also the up- 
rising of most of the great mounta,in 
chains. 

Although much of the existing 
land-area was then submerged un’der 
shallow seas, the sites of the great 
cuntineula ul butb hemispheres had 
well-nigh the same outlines as now. 
Varied as are the life-forms of that 
epoch, unrelated rind, save in the 
nummlulit,ic 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 colossal +eptiIes of Jurassic and 
Crctaceous times, t,he coiled ammon- 
ites and other mollusca of their seas, 
are extinct. The age of huge rep- 
tiles haa given place to the age of 

mammals, with their intermediate 
forma, but with no one group domi- 
nant, and with no important group 
unrepresented. Larger animals ha+e 
always been less able to resist 
changes than smaller animals. When 
the particuIar conditions which en- 
abled them to attain to a great size 
have altered, they have been the first 
to perish. It is the smaller, nimbler, 
and larger-brained animals that adapt 
themselves to changed conditions; 
hence their long time-range com- 
pared with thwt of animale of lm 
wieldly structure and small brains. 
Aud while the bie relltiles of the 
Secondary epoch, l’;ke tie big plants 
of the Carhoniferous svstem. have 
left only dwarfed represkntat&es, it 
is from the persistent smaller types 
that the higher mammals are de- 
scended. 

The links between the Secondary 
and the Tertiary O~OP~SI m-e) ox:nrpt 
meagrely in the United States, unrep- 
rescntcd by any known strata, dc- 
nudetion having swept away the in- 
termediate deposits with their con- 
tents. And so confused are the 
Tertiary strata that their order. in 
time is determined solely by the 
proportion of their shell-fish to cxist- 
ing spccics, ranging from as low as 
thee per cant. &I the oldest beds to 
ninety-five per cent. in the newest. 
Mollusca have been called the alpha- 
bet of palaeontology, because their 
extensive distribution through the 
several epochs renders them the 
most valuable and trustworthv of all 
organic remains in assigniig the 
or&r in t,ime and tlw conditions of 
life, not only of their own species, 
bat of other species mhoso lif0~hiR~ 
tory is briefer, and whose range is 
more limited. 

The rocka of the Tertiary epoch 
witness to wide-spread aqueous and 
volcanic a&ion. This is specially no- 
ticeable in t.he Eocene 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- 
spend, that have been the efficient 
causes of much that is grandest in 
earth-stuclure; a&l i l ia uf shells uf 
the coin-like nummulites that these 
stupendous formations are mainly 
ctompcls”d. Their fnnndxlions were 
laid in arc&an times in the fissures 

ed and crumpled strata were up- 
heaved above sea level, water and 
the powers of the air sculptured 
them in to 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 
Blanc and the Matterhorn are not 
older than the Eocene marine clay 
on which London stands; and the 
Righi, a fresh-water shingle bed, is 
y u ungw s lill. 

Broadly grouping the life of Eocene 
seas, we find large whales, teleost or 
bony-skeleton& fish in abnnclance, 
and the persistent ganoids. Birds 

FIG. 20.-Fragment of Nummulitic Limestone fromxe Great Pyramid. 

opened in the crust by volcanic 
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 
&iAi~lg. 11~ t IIU&US, were byueezad 
and puckered and overturned by 
lateral pressure in to numberless 
folds : nr according to a later theory, 
plicated and bulged through the 
heat generated by the accumulation 
of sediment.* Then, when the twist- 

*IVIr. Mellard Reade’s recently published Origir 
of Mountion Ranges is an important contribution tc 
a difficult subject. The author contends that the 
earth’s cooling has not extended to such a depth 
a.8 to make internal contraction a cause of mount 
ain ranges. He regards them a8 due to sediment& 
tion. whether orgacic OP inorganic, accompanied 
by local change of temperature in the crust. Thr 
heaping up of the sediment producesa rise in 
temperature, which causes expansion in all dirnc 
tions. This is illustrated by the effect in the cow86 

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 
~~lacenM~-hug~ yuadrupadt+ owuiv 
ora, hornless deer, and hog-like 
forms of a type between the tapir 
and the horse-appear in large nuns. 
hers. dmong 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 

*‘aTore true turtles have left their remains in 
the London clay at the mouth of the Thames than 
are known to exist in the whole world.‘-Sir R. 
Owen. Palmonlology, 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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fuur hoofed t#oes on each foot, and m corresponded more nearly to his 
one form (EO/Z@JRM) with the rudi- modern descendant, the variation be- 
menta of a fifth toe. A still more ing t,hat each foot had three toes, of 
significant biological link is found in i which only one touched the ground. 
the lemuroids of the Upper Eocene 1 Birds and Insects were abundant: of 
(which belong to the Primates, or the latter, thirteen hundred species 
order of mammals including man and ’ have been found in Switzerlnnd 
ape), possessing characters allying alone. 
them to one or other of the hoofed The Plioce?ze period ushered-in 
quadrupeds then living. The plants, 1 great local changes in land and 
which were slowly dispersed over water distribution. The lofty ridge, 
ttie northern hemisphere from polar clothed with oaks and vines, that, 
regions, were tropical in character, had stretched from France to Green- 
as shown by remains in the Tllames ’ land, am1 the remriants of whose vol- 
delta and corresponding deposits. 1 canic &in, of which Hecla is the 

The like character applies to the sole active relic, are extant in the Heb- 
flora of early ~Wiocene [in which rides a.ud the Highlands of Sootland 
is included Uli~ocer~c) times, which and Wales, was submerged. Europe 
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FIG. 21.-Feet of Ancestmw of t,he Horse (Equid~). 
A, OTohippn”, EoT<rlC. II. *,,cfiiL,,~r,l,,,,* upper K,lCCrlP : (‘, U~pgarion. ITpprr Miwene : D. horse nf 
Pliwme and Quarwmary The figurrb: indic~strs the nunuber~ of the digita ix the five-fingered hancl uf 

mamulalR. 

are represented by only a p&h or was t,bus severed from America, but 
two of deposit in Britain. Timber Britain was left as a peninsula, the 
trees, evergreens, and water-lilhrs newly invading waters of the North 
donrished withiu eight degrees of i Sea dividing Scotland from Norway. 
the nortlk pole. with xLi& En- On the other hand the Eurasirin 
rope and America were connected (continent was upraised in parts, 
by way of t,he Farce Islands, Ice- leaving the deeper basins of the 
land, and Cremlmnrl, 01’ c\f B&Y- Rlnck, the Ad, cwd the Caxspian Seas 
ing Straits. TIke nnirnals wpproximnt- : as remnants of the shallow waters 
ed more nearly to those of the pres- that had linked together the Baltic 
ent, stlve in- the huge size of some of ‘and the Persian Gulf, aud also the 
the mammals, as of the mastodon and , ,4rctic and the Indian Oceans. 
other creatures allied to t.he ele- Except! in the larger species, which 
~Jhttnt. 1 gradually died out, the hippopotamus 

Small rhinoceroses. hornless deer, / alone among them surviving to t.his 
anthropoid apes, as hrge as man, day, the quadrupeds ’ varied little 
and, probably. t,he ape-like ancestors, from those of the ,?ioce?he, the most 
of man himself, appeared; the horse remarkable among t.he carnivora 
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FIG. 22.-Stone Impleme& : Pakeolithic Age. 
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being fierce sabre-toothed felines. 
But for us the most interesting 

Pliocene relies are the scanty frag- 
ments of the skeleton of man, and 
the flints bearing marks of artificial 
chipping, which have been found not 
only in France, Italy, and Portugal,* 
but. what is far more important, in 
the Pliocene gravels of California.? 
For as it is agreed that the birthplace 
of man was in the Old World, prob- 
ahly, in the judgment of some au 
thorities, in the far north of bsia, 
t.lie time-range of the gonue from 
which he is descended has to be ex- 

glaciers of Scandinavia and Switzer- 
land. Glacial action swept away the 
northern flora, never to return, the 
existing vegetation being almost en- 
tirely post-glacial and of eastern 
origin. 

4. Q~ATER~;ARY.--U~CJ~ the glacial 
deposits or boulder clays, only the 
most recent of which contain fossils, 
and these poor and scanty, rest the 
strata of t.he present geological 
epoch, the f&wter?lur?/, or p’out- 
Yertimy or P2eistocene. as it is va- 

riously called. This is subdividetl 
into the Post-Pliocene and the Re- 

ho. %3.--Mammoth, OT Wnollg.hairrd Elephant. 

tended to allow for his development ! cent, the former containing the re- 
and dispersion. mains of many extinct animals, as 

Pliuccno fauna and 0om alike wit- huge wingless birds and slotlAke 
ness to a cooling climate. The life- mammals, and the latter the remains 
destr@ng agencies are at work; the of none hut existing species. The 
cold fingers of the ice&ant are being Post-Pliooono lcds furnish plentiful 
spread over the northern hemisphere evidence of man-u presence in West- 
to the fift’ieth parallel of latitude, ern Europe, although mere in his 
dinting and rounding its surface, and works than in himself, since only the 
leaving to this day the traces of scantiest remains of his fragile skele- 
their impress in the snow-fields and ’ ton have been preserved. The 

rounhlv chinned stone tools and 

ton the authority of Pi-of. J. n. Whitney, 12:. 9. 
river gravels with bones of the 

c3eoiogical Slmv~. mammoth or woolly-haired elephant, 
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and other arctic animals, as well as 
with bones of temperate and tropi- 

of altogether diEerent conditions 

cal animals, probably witnessing to 
separate the rude savages of the 

sharp alternations of climate. When 
Pakeolithic or old stone age from 

the foundations were being dug for 
the progressive races of the succeed- 

Drummond’s new bank at Charing 
ing periods into which prehistoric 

Cross the following fossils were 
time is divided-namely, the Neo- 

found in the Pleistocene gravels: 
lithic or newer stone age, the age of 

-Cave lion; tusks and bones of the 
Bronze, and, lastly, the age of Iron, 

mammoth; extinct Irish deer ; rhi- 
which merges into the brief and mod- 

noceros; extinct oxen; red deer and 
cm period embraced by the histor- 
ian. 

FIG. 24.-A, Mammoth Scratched on ivory, found in the Madelrtine cavern in the 
Dordogne. D, Fight between Iteiudasr ; aoratr;had on alaLe. 

the remains of a species allied to the 
fallow deer. 

In the foregoing rapid summary 
Stone implements and of the earth’s past zoology and bot- 

rude works of art of a somewhat any much of detail has been left out 
more advanced race, possibly ances- for clearer presentment of the typi- 
tors of the Eskimo, have also been cal features of each epoch, and of 
found associated with remains of the scale of life as an ascending 
sub-arctic animals in limestone scale. The older the rock the sim- 
caverns. 

A vast range of time and wide gap 
pier the life-forms. 

The seaweed and the lichen, stem- 
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FIG. %.--Stone ImplementR: Newer Stone Age. 
1, 9int BTrow head : 2, ntone axe-handle : 3, flint knife ; 4. hone harpoon ; 5 bone needle : 6. perforated 

horn ; 7, spoon for scooyiug marrow from bows, 
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lees and leafless, are lower than the 
club-moss and the tree-fern; these 
are lower than the true timber tree, 
wit.11 its complex arrangement of 
trunk, branches, leaves, flowers, and 
fruit. The sponge, rooted plant-like 
to the rock is lower than the coral 
or the smr-fish; these, again, than 
cralls or shell-fish, the most highly 
organized of which are lower than 
the vertebrates, between 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 
poueh~bearers, bringing fort,11 their 
poung irnmatwe, nw lenn qwcdi wcl 
than the placentals, bringing forth 
their young fully developed ; while 
here, also, the ascending grades are 
seen in whales, ungulates, carnivora, 
monkeys, men. 

TO all which the fossil-yielding 
rocks bring their witness. Illlper- 
feet as is their record, obscure as in 

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, ;tnd 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- 
platst ’ beginnings in the earliest known 
organic remains, just as all species 
probably came into being long before 
we have any t,race of them. But no 
evidence as to their first appearance 
tlmt may ho ptheretl fl-01x3 pnrth still 
unexplored is likely to alter the rel- 
ative order assigned to the several 
t,ypw RS cnmpnwcl with one :~.nnt.hnr. 

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

The volcanic and other modes of 
igneous disturbance that have up- 
heaved, depressed, contorted, and 
Iiubued its cooling crust are due to 
the internal, energy manifest in the 

TABLE OF THE SWCESSIVE APPEsRaNCE OB TYPICAL 
LIFE-FORMS. 

EOCWlO Hnge piacentn/ mamm0ls; *er- 
pfmt8 ; uutumulitcx 

Miorme and ’ True whales : luau-like apes 
Plioreno 

Tr~ea, shrubs, / 
herbs allied : 
I” existing 
nub-tropical 
xproias I 

(Glacial opbch intrrveuing. and continuing into the-) I 

Conifers: palms 

Post.I’liommr: 1 MI~I~IW~~ aud ochhrr woolly i 1 hrrticmdteul 
qundrupedH : man ) perete 

Recent or His- ’ Er;sting spccirs 1 Exiistiug species 
tori? I 

* Thr discornry IIf the lowest mnamtoalian forms in earlier strata than those containing birda ~eel~ls 
opposed tv the acceptrd order of sueccasion, but there ia wusid~rable uncertainty as to the a&3 
period of the fimt appcarsuce of birds. 
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escape of pent-up heat and in chemi- enormous and unceasing, have been 
cal action. The murc potent agents confined to cert#ain areas. All the 
of change in the visible crust, how- evidence furnished by the aqueous 
ever, have not been from within, but rocks, from the earliest primary to 
from without. As the internal en- the alluviul formations of to-day, 
erg-y, &rivedfrom contraction Of the point to their tranquil clepusition on 
hot nudeus, decreased, the energy the floors of relatively shallow sens, 
dcrirecl frOIm the sun became more where t,lIey hnve been converted by 
effective.giCng rise t.0 changes where- prestjnrc ana other means into solid 
in varinti&s in teInper;~tnre and the Ids, entombing Organic remains 
cirrulation of air nut1 water over the which give the Bey to their relative 
surface of the earth JTouia COIIIC! into place. Then, on their uphead above 
play. 
of tlllr: 

It is to these-to the solvents t.he sea., the eroding rtgents have be- 
zrtrnowpherc an;L mill, to the gun their &wl~ levelling work, and 

driving wind, to water in its several the rlr’hri.9 Of lands, where life-forms 
states and movernent8s, whether of htwr flourisld ma perished, have 
disruptin,rr frost.. grinding glacier, er- rdnrnrtl tc.1 t,lle WILMW whe-rice they 
oding river,or waves nnil currents Of uprose, to become once more ‘the 
the sea-that the five-anti-twrnt,y dust of continents to be.’ And so 
miles and more Of strxtiiied rocks ‘the thing that hath been, it is that 
(for the same stuff tI:ts been used which shall be; ana that which is 
over and over ngain). with all the clone is that which ddl be done : 
varied cOntour of-the cnitli’s surface, 
are nminly clue. 

;md there is no new thing under the 
hllll.’ l3etween the oppcrsing agents 

Vust, slow, and cuntinuoiis ns are Of wnste snd repair, of uphettvd and 
the changes, they OCCII~ within rle subsiclenc.e, with interplay of the or- 
fined limits. 
the lines Or 

The deep Ocean I&ns, grtnic in growth and decay, as in 
seams of the grerbt limestone ranges. cord isles, and 

mountain chnins, hrlve prolddy been cnnl-beds. rind the action of man him- 
pernlanent from the remotest geo- self on nature, the ancient earth is 
logical epochs, am1 the variations in m.tintained from age to age mother 
lancl and water distribution, although of all living. 

CHAPTER 17. 

PRESEXT LIFE FORMS. 
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Crabs, spidcra, centip&s, &e&a : 1 : 
Oyatars. snails. cuttlMish . 
Se&-squirts (hacidia) . . 1 : : : 

A. Pisces. 
Lancelet Ihml,hioxu8).S 
Fish of all kiude. 

B. Amnhibia. 
Toad, frug. 

E Mamntotia. 

2. rERrEBHaTei : 
I’. KeptilL.. 

tierpent. lizard. crocodile turtle. 

11. 1w,. 
Birds of all kindn. 

If the lift-forms of the past some- All thinp the rrcarld which till 
what b&e us by their scantiness Of hut one stuff are qmn : 

and imperfectness, those of the pres- and this stutr, the basis of all life, 

ent embarrass us by their abundance. the formative power, *universal1 
But although the existing species of 

T known and yet essentially unknown,’ 

plants and animals are numbered! to which the name protoplasm (Gr. 
photos, first : plasrrw, moulded) has by hundreds of t,housands, and the, hcen givcn, is a 

tale is not yet complete, they are 
scmi.fltia 

3 
ntickr 

I 
classified into a few primary divi- material, full of numberless minute 
sions or sub-kingdoms representing granules in ceaseless and rapid mo- 
c,ertnin allied types, of which the tlon. ‘It is not a compound but a 
several species included in earh , structuret built, up of compounds, 

’ sub-kingdom are modified forms. ; consisting of the elementary sub- 
For example, olives aud daisies are / I stances carbon: hydrogen, oxygen, 
grouped as angiosperms because T, and nitrogen, in very complex union.’ 
their seeds are enclosed within a : iey are the essen~td elements, but 
seed-vessel ; flies aud lobsters. bee- a few others enter into the cahemistry 
ties and crabs, are grouped in the ; of life. with roan1 ting alight cl&r- 

sub-kingdom of the Annulosa, be- rnces in t.he it~i&~al elements in 
cause tlley are alike composed of animuls and plants. Moreover, a fun- 
dir5tinct ocgmcnts ; lxq~3 and fi-cys, dnment,al unity of form and of funn- 
pigs and herrings, are grouped m tiou underlies and m-evades livinp 
the sub-kingdom of the Vertebrata. / 
because t~l& alike possess an int,er: 
nal bony skeleton. the most impor- 
tant feature of which is the spine or 
vert.ebral column. And this class- 
ification is applicable alike t,o past 
and present organisms, there being 
throughout the whole series of fossil 
remains no form, however unlike anj- 
existing living thing, that is not tc 
be placed in one or other of the 
sub-kingdoms. 

matter, from the 61&e of a stagnan 
ditch to the most complex animal ; 
the differences between ltvmg things 
being in degree, and not in kin&. 
Therefore, although each genus, nay, 
in most emxx=+, cat-h qwcian, 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 characteristics which mark the 

* 210 fossila of these soft-bodied lowest form 
exist. 

main divisions of the twin sciences -- -- 
*.%h’s. p. 234. 



of hotnny and zoologry. If this is bryonic. forms have been Pound to 
the only possible thing for us, it is secrete a ferment similar to the fer- 
the one. thing needful for all, whether merit in the pancreatic secretion of 
specialists or non-specialists ; other- animals, by which they dissolve and 
wise the significance of facts, in their utilize the food-stores in their seed- 
relation and dependence, is missed, lobes as completely as food is di- 
and the larger generalizations are gested in our stomachs. And al- 
swamned in a sea of detail, so that though green plants, under the ac- 
we &not, as the phrase goes, see 
the wvcwcl for the trees. 

Con of light, break up carbonic acid 

Tn tire old division of tho thrco 
kingdoms of nature into the mineral, 
the vegetable, and the animal, we 
were taught t&t, stones 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 zoospores 
which are expelled from eomo of the 
lower plants, as alga and certain 
fungi, behave like animals, darting 
through the water by the aid of 
hnir-like filaments called vibratile cil- 
ia, finally settling down and growing 
into new plants. Other plants, as 
diatoms and desmids, are locomotive 
throughout life ; certain marine nni- 
n~als, as sponges and corals, are root.- 
ea to the spot where they grow: 
while there are organisms whicth ap- 
pear to be plants at one stag0 of 
their growth and animals itt another 
stage. 

and rele&the oxygen, they do the 
m~orst: in the &xk, as ~1h0 ill renpi- 
ration ; while the quasi-animal fungi 
whirl1 are independent of light absorb 
oxygen and give off nn.rbnnic acid. 

In the ‘irritability’ of the sundew, 
Venus’s flv-trap, and other sensitive 
plants, ati?1 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, amcnba 

Fre. 26.-Venus’s Fly-trap. 

Other marks of supposed unlike- 
ness have vanished. It was formerly 
held thal among the clistinatlve fea- 
tures of animals are-(lj a sac or 
Cnvity in which to receive and digest 
foocl: (Sj the pewer to ~t~wrl~ ox-f- 
gen and exhale carbonic acid; and 
(3) a nervous system. But although 
nearly all animals, in virtue of their 
footiixinn solid. have a mouth and 

when touched, or the involnntary 
closing of one’s eyelid when the eye 
is Unxatened, or the drawing back of 
one’s feet when tickled. The fila- 
ment in the amceba which transmits 
the imprhx causjng it to contract 
diflerers only in degree from the sen- 
sory nerves in ourselves which trans. 
mit t,lm impressio,n to tho ruotor 
nerves, causing the muscles to act; 
and since there is cverv reason for 
referring the contra&e action of 
plants, i. &. 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 wellnigh all 

an alimentary cavity, the Iowest forms 
are without these organs; and al- 
though plants, in virtne 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 hair-like, glands 
on which contain pepsin, but em- 
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vegetable life go far t,n confirm this. I animals, the lowcr forms excepted, 
The highly sensitive tip of tbe slowly reach a given development, the vast 
revolting root, in directing the move- majorit,y of plants do not, hut con- 
menl s of the adjoining parts, trans- tinunlly put forth growing points, fro 
mitting sensation from cell t,o cell, that life goes on indefiuitely, 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 entl of the mals is indivisible and, as compared 
body, receiving impressions from the 1 with the plant, brief, while cuttings 
sense-organs and directing the sev- 1 or kilwrs from a single plant are 
erd moGements.‘* 1 taken without detriment to the vigor 

In these and kindred vital pro”- 1 :tnti duration of the parent life. 
esses, in the so-cnlled sleep-move- j Of course the difEcult~ of classify- 
merits of leaves and flowers, both ing vanishes in the h&her forms; 
regulated by tho amount of light, the lowest plants are allied to the 
appnrently rtct.ing on thorn as it acts : lowest animals, but the higher the 
on our nervous system; in the de- plant the more it diverges from tbe 
tcct.ion of nubtilc ~liffcrencea iu light animal, which is evid&ce that 111 
which escape the human ave. by ~ the succession of life the highest 
plants; in the higher range of’ smsa- plants do not pass into t,he iower 
tion which they manifnnt,, XB CCIDL nnimuls. DescGnt is not lineal, bnt 
pared to some aniniuls ; in their lateral; .the relations bet-iveen the 
choice of food, and of the material of two kingdoms are represented by 
the covering which some of them se- 1 t.wo lines &,rting from a common 
Crete; in their general sonsitivwiess ’ point and Spreitding in different di- 
to cstcrnal influences ; oven in the roctions (see diagram, fig. 62). Even 
diseases which attack them, and thu ! ‘lower’ and ‘higher’ are relative 
sludy of which Sir James Paget has terms: the organization of the nm- 
commended to pathologist8s, we have coba is as complete for its purpose 
tbo rudiments of attributes and pow- as is that of man for his purpose, 
ers which reach their full develop- the modification in the complex 
merit, in the higher animals, ant1 forms being due to the division of 
t,herrfore a series of fundumcntnl functions which are performed in 
corresl~ondances between plant ant1 every part by the simple forms. The 
animal mlncll point. to the merging of like does everything ; the unlike does 
their appurent differences i6 One 1 sOme thing% 

community of origin. j Although the foregoing and num- 
In fine, that which \\a~ UIICC I brrlcss~ other facts, together wit,n 

thought special to one is now fouml t.hu evidence from continuity, alike 
to be common to bot,h, and to this I forbid tho drawing of any ltartl and 
there is no eucention. Snt I nn v js I fast lines, and involve tllc conclusion, 
there corresponaence in extel-nal 
form in the lower life-groups. but, 
fundamentally plants and animals 
are alike in internal structure, and 
in the discharge of the mystcrions 
processes of &production and of 
nutrition, although. as will be shown 
presently, this last forms a run- 
venient line of separation. Not- 
withstanding agreement in essential 
points of comparison, there is this 
difference to be noted, that while --. .__-. -_ .~ 

*Darwin’s Movements vf 1Qd.s. 

to borro& Yrofessor Huxley’s words. 
‘ tlmt the problem whether >n a given 
c1:Lse an organism is an animal or a 
plant may be essent.ially insoluble,’ 
thcle c&s, as noted already, a 
broad distinction in the mode of 
nutrition. 

The plant possesses the mysteri- 
ous powcr 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 



TEE BTORY OF CREATION 41 

united with dofinitc 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 int,eguments are, when 
the sunlight falls upon them, broken 
up by the chlorophyll,* which sets 
free the oxygcq and looks together 
the hydrogen and carbon, convert- 
ing this hydrocarbon into the simple 
and complex cells and tissues of the 
plant, with theif store of energy for 
service to itself and to ether organ- 

factnres prclein frum 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 inoqpnic into the 
unstable organic, while the animal 
cannot, we do not know. 

St,rnrt,llm.lly, the lowest animal is 
below the lowest plant, since it is a 
speck of relatively formless, colorless 

Fm.27.-Diagram of. 8. cell. 
p. protoplasm ; I, nucleus ; n’, nucleolus. 

FIG. 26.--Structure of Galls and Nuclei. c 

A, cell from the manww ; p, protoplasm : R, irregular nucleus. 
protoplasm ; n, nucleus with convoluted filament. 

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

isms. Animals cannot do this ; they 
are powerless to convert water, salts, 
gases, or any other inorganic sub- 
stances into organic: they are able 
only to assimilate the matter thus 
supplied by the plant, ntmrishing 
themselves therewith, either directly, 
by eating the plant; or indirectly, 
by eating some plant-feeding animal. 
In other words, the plant manu- 

*The formation of chlorophyll in complete dark- ) 
ness, but under sufficientlv hiah temnemture. has ! 
been observed in a few in&&es, ax -in the need- 1 
led of some conifers and in the leaves of ferns. ( 

protoplasm whereas the protoplasm 
of the lowest plant is visibly organ- 
ized to the extent that it has formed 
for itself an outer layer or membra- 
nous cost called the cell-wall. For 
example, the vegetable character of 
yeast-granules is determined, apart 
from their mode of nutrition, by the 
protoplasm being enclosed, within a 
cellulose coat; and the animal char- 
acter of the ameba is determined, 
not because of contractile or loco- 
motive power, or of.inability to manu- 
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facture protein from inorganic mat, 1 bg the upontaneouu 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 1 female, giving rise to a seed or egg 
hard thick shell, because they became 1 from which grows offspring more or 
thereby loss accessible to external less like its parent,s. 
influences, less able to combine for In both plant and animal the cell 
the construction of nervous and’contents, although here again ex- 
muscular tissues, than animals, and ccptions occur in some of the lowest 
condemned to nn automatic life. ) organisms, exhibit a rounded body 
For while the animal remained free 
to -wander, and developed organs of 
digestion and motion, the plant, 
being 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 nnd the wdor brought it. In 
changing t,he substance of its cell- 
wall int,o woody tissue it prevented 
the evaporation of the food carrying 
fluids, and gained that solidity a.ntl 
form of which man has availed him- 
self in the rise of timber for the needs 
and arts of life. 

mcloses another’ body called the 
kucleolue, but the functions per- 
lormed by both in cell development 
we obscure. That even this much is 
mown of cell structure may awaken 
ivonder when it is remembered that 
NC rare dealing With l~udiea lor IhtJ 
nest part beyond the range of 
)ur unaided vision. Bacon truly 

Since the function creates the 
organ, and where funct,ion is not 
localised there is no variation of 
parts, life probsbly began in. COD- 
binations having no visible distinc 
tion of par&. And as the cell is the 
first step in visible orgwizat~ion, it 
is the fundi~mental str.ncture of living 
things : ‘it marks onlv where the 
vital tides have been, a& how they 
have acted.‘* The lowest organisms 
consist of one cell only, and the 
higher consist of mc~nv cells, which. 
in&easing in comploxiLy or dirersitg 
of form adq3tcd to their different 
functions tbt later stages, arc modi- 
fied into tile special tissuea. with re. 
suiting unlikeness in parts or or~qa72.s 
of which all higher plants and ani. 
mals are composctf. Every variatior 
in structure is therefore due to ccl1 
ular changes, and every living thing 
is propagated in one way or another 
by cells: by their self-division OI 
fission; or by gemmation, ,i. e. throw. 
ing off buds: or Iry the union 01 
like cells : or in more complex mode 
--~- -__ --..~.- 

FIG. 29.-Semi-Diagram of Ovum of Mam- 
IlId. 

cleolus or grrminal spot.. 

finya thst ‘ tbo complexity of n&ire 
exceeds the subtilty of mnn; ’ 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;? the 
elephant is one hundred and fifty 
thousand times heavier than the 
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mouse, hut the egg of the one is I repeating the process of &&ion. 
nearly as large as that of the other; ’ But sexuality is manifest in plants 
and it has been calculated that if one very low down in the scale, the mode 
molecule in the ~~~clt~s of the ovum of reproduction varying a good deal 
of a mammal were to be lost in every in different species. In some cryp- 
second of time, the whole would not togams it is almost as complex as in 
be exhausted in seventeen years. the flowering plants; but notwith- 

These molecules are the sufficing : standing the different kinds of sexual 
material media of transmission of 1 organs, there is this fundamental re- 
resemblances, both striking nnd sub- I semblance between them, that the 
tile, between porcllt rind o&p&g; union of the contents of two celle, 
and of the vast sum-total of inherited a male or sperm cell, and a female 
tendencies, good or had, which are ) or germ cell, each of which is by it- 
the product of no one gene&ion, self incapable of further rlnv&pment, 
but which reach us charged with the is esse[ltinl to the production of the 
gathered force of countless ancestral, embryo or seed. 
experiences. The lowest cryptogams are congre- 

Born into life, man grown 
Forth from hia parent’s stem, 

gations of simple fibreless cells umted 
And blenda their blouds, aa those in rows, or gathered round one an- 
Of theire em blunt in them ; 

So each now man strikes root into 8 far foretimc.* other, and spreading on all sides. 
At the bottom of the ecala are the 

A. Plants. rll~~, comprising some ten t.hou- 
sand species, from the microscopic 

Plants are &vi&d into fwo main fresh-water desmiiis, one-millinnth of 
groups or sub-kingdoms; I. Crypto- an inch in length, with their whip- 
gams (Gr. kruptoq hidden; (/~nzo~, like cilia tbe two hundred millionth 
marriage), or flowerless. II. Phane- of an inch long, to the giant sea- 
rogams (Gr. p!u..rieTos, open ; gtanzns, weeds or tangles, hundreds of feet 
marriage), or flowering. in length, that cover thousands of 

1. The ~r~ypto~anzs are sub&- 1 square- m&.?S of OceaIl. The green 
vided into- / scum of stagnant ponds, the waving 

1. Thallophytes (Gr. thallou, II I filaments in streams, the shell-coated 
shoot; p)h.ytolz, a plant), cotnprising 1 microscopic diatoms that people the 
algra, fungi, and lichcnn. These have ocean, tingeing its depths with olive- 

no leaves, stems, or roots ; many of 1 g recn, and whose skeletons form de- 
them are one-celled. posits hundreds of miles in length; 

2. Bryophytes (Gr. t)ryo~, moss), / the rose and purple weeds that flour- 
comprising mosses and liverwort,s. ~11 in shallow seas, and are cast upon 
These have leaves and stems, but no their shores, are all members of :L 
true roots. group which is perhaps the vcnera- 

3. Pteridopliytes (Cir. p)teris, a blest of liTin,- things. Fur al~huugl~ 
fern), comprising ferns, horsetails? their generally fragile forms h&e 
and club-mosses. These have stems, been fatal to their preservation as 
leaves, and roote. fossilx, there in lit,& dnnht tbnt t,lm 

The feature common to the cryp- 1 alga flourished in dense masses in 
togams is the absence of any con- 1 )rimeval oceans, and were the chief, 
spicuous organs, i. e. true flowers, If not the sole, representatives of 
with stamens and pistils for the J slant life on the earth during mil- 
production of seeds or frnjts. The liOnI Of CentWieS. Like the fOra., 

simplest or single-celled plan& in- . minifera and other low animal organ- 
crease by subdivision, each cell car- lams, they illustrate the persistency 
rying on an independent, life and. of the earlier forms, in virtue of 
--. t,heir simplicity of structure, despite ___- 

* X&thew Arnold, Empedocles on hna. chanbring conditions : whereas the 
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more ocmplos etnvdmes, by reason 
of the greater delicacy of their parts, 
can less readily adapt themselves to 
altered surroundings. and therefore 
have n much narr&er distributiou 
both in time and space. 

Next to the algae in ascending or- 
der are those fantastic products of 
decay, the quick-growing, shortli?ed 
Ftc~c& animal-like in their mode 
of nutrition, plant-like in their fix- 
ity, anll through untold epochs the 
agents by which dead plants and 
animals are resolved iuto the inor- 

In I;%r~p.s 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 
woucly tissue which enters into the 
structure of all the higher plants. 
The cells, thus converted into tissue, 
cease to grow; the formative proto- 
plabm is rrlwitya bccomiug the fr1l.illc.d; 
‘tis ‘au infinit.e dying, and in that 
dying is life,’ since t,llere is locked up 
in ihe c.ompwtr?~I mn.tcrid x fitwe of 

ganic, and made avriilable to enter 1 energy on which the higher organ- 
into new c*ombinntions. Next in or ismA depend. 
der are the I;ic&~: which, it is The ferns and club-mosses and 
now generally agreed, are composite horsetsils of die present day arc the 
plants, being a special kind of para- 
sitic fungi growing on alga. These 
rwo middy qrend, living, after the: 1 
a4laptive manner of simple forms, 
where not,hing else ran live; un- 
withered by the heat, unsmitten by 
the frost ; redeeming the eartrs 
desolate places, from treeless desert 
flats far as the lines of enduring 
snow, where, like the mosses, t,heJ 
shine in hues of gold and purple; 
spreading their flowerless patches of 
richest colors in metallic-like stains 
over rock and ruin; incrusting the 
trees with tint of freshness or touch 
of age, with h M-V fringe or mock 
hieroglyph; ant m their decay yield- y.. 

ing rich soil wherein fern and ffower- FIG. 30.-Diagram of a Flower. 

colored masses weave softest carpet ’ .?r~ pollen &yains, on0 of whirh.Jl, is Hending down 

over the earth, sharing in the service 
Itu rpermatoaoid. JI.~, w the mim7pyln of theovum, 
tbr: CeEtral ~tructnrc ill F; i is the intneument t)f 

rcnclcrccl by t(he humble lichens, the tho ovum : S. thr. ,111 r.lma : em. t,he cmhryoaar : 1.‘. 

cells have become develop4 into I 
the germinal vedrle. close to the pollcu tube IN&* 

the luicmpyl43. 

rudimentary root.. stem. and leaf, / ~Juny representatiVC!S of the Stdely and 
manifesting still fwther transition j lnxnrinnt, rtlt,lwngl7 wmhrr, ilnwer- 
towards unlikeness in -part#s which ! less trees that composed the dense 
is due to division of function. But i jungles of green vegetation in the 
the structure is still cellular, i. e. , Devonian and succeeding Primary 
there are no tissues ;tnd fibres. The ,periods dwin,n which our fossil fuel 
mosses represent the intermediate was chiefly formed. The existing 
forms between the lowest and the palm-like vegutntion of the tropics 
highest cryptogams. between the ) more nearly approaches its Devonian 
green alge, out of which liverworts prot,otppe, but it falls far behind it 
were probably developed, and ferns. in abundance n8 well as in size. 
which arose out of liverworts. i II. The f’hnneropns have their 
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flowers with stamens and pistils Con- 
spictnous, and are divided, according 
to the formation of their seeds, into- 

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

2. Angiosperms, or cover-see&A, 
the ovum being enclosed within an 
ovary. 

This group, is snbdiridd into (n) 
plants having one cotyledon or seed- 
leaf, from which they are developtd, 
as. palms. lilies, orchids, and grass- 
es; and (6) plants having two seed- 

the one hand, most nearly allied in 
the order of descent to ferns, tne 
sombre flowers which they bear giv- 
ing them only by strict botanical 
classification 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 cycads or palm- 
ferns, so called from their resem- 
blance to p&q for which, with Lbair 
crown of feathery leaves, they are 
often mistaken. Next in order is 
the much more varied and widely 
distributed conifer family, notably 

Fm. 31.-Fertilization of Ovum. 

leaves, as oaks? beeches; and all trees 
snd shrubs not included in the foro- 
going. 

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

Whilst the gymnosperms are, on 

pines, firs, and larches, and, lesser 
in importance, cedai-s anil cypresses. 
d still higher class, various in its 
modes of growth? marks the tmnsi- 
tion to ang+q~rrms, the flowers 
of both having many features in 
common. 

The. single seed-leaf angiosperms 
have no visible separation of their 
woody stuff into lrurk, stem, and 
pith, and have no rings of growth, 
the wood e?rhibiting an even surface, 
dotted over with small dark points. 
Their leaves have parallel veins or 
‘nerves,’ as in the onion and tulip; 
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and the Mussurn-knvan, UT ~~talb, 
nre must usually grouped in threes 
or multiples of three. Among their 
several representatives we may sin- 
gle out the lilies for their beauty tend 
fmgrance, and the cereals for their 
value and importance, both classes 
being in nenr connection, since the 
gr:lsaes from which man has clevel- 
opetl wheat, barley, oats, rice, and 
maize are, in It botaniml mubtl, de- 
generate descendents of the lily 
family. 

in the most familiar representative. 
Its poaition 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 
him 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 
the orgzm~ 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 univorsc, .- 

clnde all the highest and most until astronomy dispelled the illu- 
specirtlized varieties. Rark, stem, sion ; and there yet lingers in him 4n 
pith, and concentric rings of growth, old Adnm of conceit that everything 
by whic*h the age of the plnnts m:~y I on the earth has for its sole end and 
generally be reckoned, arc clearly de- I aim his advantage and service. Evo- 

FIQ. 32.-Cycad (Australia). 

fined; the leaves nrc ncttod-veined, lotion will dispel that illusiun. But 
and t,ha petals are most usually our delight in t,he colors and perfumes 

I grouped in fours or fives or multi- of flowers will not be lessened, while 
ples of those numbers. The lowest i wonder will hare Larger field or 
class, represented by the catkin- ‘play, in learning that the colored 
bearers, as the birch and alder, the leaves known as flowera, together 
poplt~r and the eak, rtnd by’ plants / with their scent and honey, have 
tillicd to the nettle and to the laurel. been develoned in furtherance of 
are nearly related to the highesi nature’s snpieme aim-the perpetu- 
gymnosperms. Nest in order are For that alone 
the crown-hearers, or flomcrs with 

ation of the species. 
the flowers blossom and the fnlits 

corollas, as the rose family, which in ripen. And truly the contrivances 
eludes most of our fruit-yielders, to secure this whi’ch are manifest in 
from strawberries to apples; while 
the highest and most perfect of all 

plant-life are astounding, even to 

are plants in which the petals are 
those who perceive most clearly the 

united together in bell shape or 
unity of function which connects 

funnel fashion. 
the highest and lowest life-forms to- 

Such are the con- 
volvulus and honeysuckle, the olive 

gether. It is difficult to deny the 

and ash, and, at the top of the plant- 
existenee of a rudimentary conscious- 

scale, the fsmily of which the daisy 
ness in the efforts of certain planta 
to secure fertilization. For exam- 
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pie. in a well-known aquatic plant., whose sombre flowers are borne on 
VdZisneria spiraEis, the male flower dull brown cones ; and, among cover- 
with its matured pollen is detached seeded groups, grasses and rushes 
from the stem and rises to the sur- e with their feathery flowers, and wil- 
face, where, as it floats, it comes lows and birches with their long 
into contact with and fertilizes the waving clusters of catkins. All of 
ovary of the female flower, whose these provide against the fitfulness 
stalks then contract and carry the, of t.he wind, which is as likely to 
ovary to t.hc bottom, where the seeds blow pollen one way as another, by 
can ripen in safety. 
are hermaphrodite, 

Most flowers producing it. in large qnantities, so 
2. 6. have their that it sometimes falis in thick show- 

male and female organs within the ers, covering wide areas. 
same petals, and in some cases fer- ’ Plants which are insect-fertilized 
tilizo thnmsnlyea by scattering the I nttrnct t,hoir vi&tom by sccmting 
pollen from the bursting stamens on : honey and developing colored floral 
the stigma or head of the pistil. / organs. 
But nature is oppose<1 to this; 

The way in which this c,ame 
‘ tells I about is probably as follows. 

The common idea about ilowers us in the most emphatic manner 
that she abhors perpetual self-fert,il- 
i&ion ‘* with its resultant puny and 
feeble offspring ; and me fintl a num- 
ber of contrivances to prevent, this, 
and to sccnre fertilization by the 
pollen of another plant, to the abid 
ing ga.in all round of the plant, whose 
blood, a~ wo may say, is thns mixed ._ ._ _ 

is that they are made 71~ of petals 
and sepals, aherens t,he ementitrl 
parts are the stamens and pistils, i E. 
the male or p&en-producing cqmm, 
and the female or seed-containing 
organs. The earliest flowcra con- 
sisted of these alone, having no 
colored whorl of petals within moth- 
er colored whorl of sepals, and were mth that of a stranger. Conse- 

quently, the most effective mode of only scantily protected 
reproduction is that in which two ’ are many extant species. 

by loaves, aa 
These the 

individuals are concerned. All or- 1 foorl-seeking insezts then, as now, 
ganisrms in which the sexes are sepa- i visited for the sake of the pollen, to 
rate have descended thkough many j the detriment of the plant, which 
gradations from hermaphr&iite an- I lost the fertilizing stuff and gained 
cestora, and it is to this division of: nothing in rcturti. Bcsiilcs the pol- 
function between male and female : len, most plants secreted the sweet 
that not only a more vigorous off-’ juice called honey, especially when 
spring, but Go progress among the in the act of flowering, for the nour- 
higher animals, is, in the first in- ishment of the blossom. This jnice 
stance, due. Were there no sex, was often stored in nectaries near 
there would be no social instincts, the seed-vessels, where the insects 
no love, no dependence, no unity. could not get at it without covering 
This, however? by the way. their bodies with some of the pollen, 

Two agencies nre unmttingly con- which they unknowingly rubbed on 
cerned in tho fertilization of plants the pistils of tho plant next visited, 
insects, and the wind ‘that kisses all I and thns fertilized the ovum, pro- 
it meets;’ while in the dispersion of I viaed that the plants were nearly 
the matured seed, birds and other related. Honey being sweeter to 
animals, and again the wind, play an the taste than pollen, the plants that 
important part. produced most honey stood the bet- 

Plants which are wind-fertilized ter chance of repeated visits from 
have no gaily colored petals or se- insects, and therefore of fertilization, 
pals, and do not secrete nectar. to the manifest advantage of their 
Such are the naked-seeded groups species over others. Thus, as first 

*Darwin’s Ferfiltiirm. of Or&i& shown by Conrad Sprengel in 1794, 
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thertt wc:ru tlcvelopecl in the CUUIW tiure its use for fertilization, to the 
of long ages intimate relations be- / advantage of the plant in the strug- 
t,ween the two. and also marvelIons ! gle for life. 
aoutrirnnces to secure the visits of 1 Still more were any plants favored 
welcome insects of a certain form on which spot,s or patches of color 
and size, and to prevent the intro- appeared, attracting the qe of the 
sion of unwelcome insects, as well 1 insect, and developing t,hrongh its 
as to arrest the washing out of pol- agcncv into tinted petals and sepals, 
lcn by rain or dew. For as plants I which*have changed the earth’s once 
arc rooted to one spot, they cannot I flowerless meadows into fields of 
act on the aggressive. They ha\ o 1 cloth of gold. 
to develop defensive structures t.o 

Both petals nntl sepals 

resist attacks of devouring cneinies : 
are modified or transformed stamens, 

hence their thorns. prickles, s+~. 
j which have exchanged their function 
of p,olltin~producc-r53 for tbibt of in- 

hairs, nauseous taste, and the like. / sect-nllurers : and as both stamens 

Some plunta hnvn an eel-trnp 601-t r~f 
arrangement of the hairs at t1.w he 
of their petals to retain the desired 
honey-seeker till the pollen is rnhhal 
on it, when the hirs r&s rtlld re- 
lease it. Others have become spe- 
cidly adapted to cert.ain insects by 

ud pistils WC lc0xes nbortcd or 
moclified for the special function of 
rqxwluction, Wolfi’s genexdiz:l tinn 
tlmt the Icaf is the type <>I’ fnn<lu- 
mental organ of the plant 1~ R large 
nn~asure of truth in it. But before 
spwking further about color-tlavel- 

secreting tbe honey at the bottom , opmcnt in plants it mxy be useful 
of 21 tube (nearly i5 foot long in some : 
rare orchids’), and the insect has de- 

to say a little about color itself. 
Since everything is, black in the 

veloped a corrcsponding!y long pro- dtwk, and moreover has no color in 
boxcis to reach it The one aim of itself, it folloms that color is in some 
all these modifications of structure, W.‘LY a preperty of light. Xom light, 
is to economize the pollen and en-! which is itself invisible, is due to 
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vibrations or oscillations set up in color? and to this cause the various 
ali directions by auy luminous body piqncnts in plants are to be re. 
-whether the suu or a rushlight- ferred. 
in the ethereal medium which pcr- All growth involves expenditure of 
vadcs all space, and is composed of the energy which the plant has stored 
rays of different refrangibility, i. e. within itseif, and which becomes nc- 
change of direction in pitssing from tit-e when the hydroctlrbons combine 
one medimn into another, s:iy from with oxygen, ‘resulting in cellular 
the ethereal medium to t,he denser change, and appearance of other col- 
atmosphere. \Vhite light is due to ors tllan the green of the chIorol~hyll. 
t.llc colvbination of 1~11 these rays, Thus may be expltiined the color of 
which range through inulunerable ( sprouting 1~1~1s and vonng shoots, 
grndstions -of color from red to via. / the more or less inten&ied colors of 
let, f~lld it is to the ahr;enm of one! lonves :md flowers, and the lovely 
or rno1.e of them that the infinite I tints of autumn; one and all being 
varietv of colors is due. If a body 1 due to oxidation, the minutest 
is quiie opaque, or otherwise so con- chances inducina subtile variations 
stituted as to absorb none of the in c&r. As t.Ke stameus of most 

flowers are yellow, the earliest flow- 
ers, being derived from stamens, 
were probably yellow also; and all 
subsequent changes in color take 
place in a regular order, yellow pass- 
inn into white or uiuk. loci than 

Fm. ?A. --Tranaitiou from Stamen to Peta 1: 
in White Lily. 

rays, it appears white: if it absorbs i 
them all it uppears black; if it ab 
sorbs green, blue, and viol&, ani 4 
not red, it appears red; if it absorbt 
red, orange, and violet, and rcturm 
or reflects green: it appears green. 
The colors which bodies reflect art 
therefore regulated by their struc- 
ture; the way in which their mole 
cules are arranged determines the 
number fmtl character of f.he light 
vibrations or ether waves which are 
returned to the eye, and which rule 
the color me see. For example, clmr 
coal and the diamond are bot,h pinx 
c:~rbon ; the dull opacity of the one 
ilIlt t,he trembling splendor of the 
other are solely due to the arrango- 
ment of the several molecules of each. 

JVhichever plants made most show 
of color wo~.ld the sooner catch t.he 
eye of insects, however dim their 
perception of the difference in colors 
might be, and would thus get fer- 
tilized before plants which made less 
displey. Tnus have inscoto been the 
main cause in the propagation of 
flowering plants, the plants in return 
cl&veloping the color sense in iu- 
sects. The flower nourishex the in- 
sect; the insect propagates the flow- 
cr. Other contrivances to meet the 
ueed for fertilization might be cited, 
as t.he markings upon the l)etnls to 
guide the insect to the nectary; the 
exhulstion of Rcont by incous&xux~~ 
flowers, as mignonettc, or by such as 
would attrict visitors at. night. as 
the night+mclling stock ; but'&oug~~ 

has been adduced to show that the 
chief, if not thu sole, function of , _ . 

It is thus obvious that :my change 
in the nature or structure of a thing 
is accompanied by change in Its 

thYongh red nnd p&ple into blue. 
but never in a reverse direction nor 
in any other order.* 

flowers is to attract insects, an41 thus 
secure cross~fertilization. Nor does 
the provision stop here. The ferti- 
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lized nnnd in not, left. to chance, but, ’ kingdom which includes man is due 
like the fertilizing pollen, is entrust- 1 to the same cause, man being de- 
ed to secondary agents, to the care. scended from a fruit-eating animal 
of the hirds and the breezes. Where ; ‘who shared the common vertebrate 
not scattered by the burst& of the / faculty of color nercention and the 
ovary it is w&god with gossamer 
shafts, as in the thistle ad the dan- 
delion, ~1x1 floated on gentlest zephyr 
or rushing storm to a genial soil. 
Such wind-wafted seeds, -like mind- 
fertilized florvere, me mwly mlm-et1 : 
ueither are the seeds of the larger 

common frugivor&s taste for bright 
hues.‘* The subject is of course 
closely connected with the evolution 
of t,he sense of beauty, which, at 
first evoked by things connected with 
pl!ysical needs, was developed by 
leisurely contemplation of natural 

trees, since their &undnnce ensures 1 forms, colors, and groupings. 
notice by foorl-seeking animals : nor 
the nuts which are‘ protected by B. Alzinzda. 
shelly coats. But other cweds en- 1 
\VI’LLP themselves in sweet pulpv mas- , All animals fall itito two main 
xcs, called fruila, whu6t3 d&s b2ghten 1 group3 : the etructurclcas, 
as they ripen, and attract the eye of! celled, called Protozoa ; a; Ozre 
fruit-loving birds and be&s.* The many-celled, called Metazoa. 
SW& pass througlr their stomachs The several types upon which they 
undigested, and are scattered by are constructed are usually classed 
thetn- in their flight over wide areas. under the following primary divisions, 
As with the brightest hued and called sub-kingdoms:- 

-- 
Simpleat formR I Ez. Noneron, amceha 

Ilollow-bodied xz. Rpongo, polyp. anemone, 
j cor&builder 

Spiny-bodied I?. Sea-urchin. star-fish 

ndvrtntage over less favored members 
of their species, developing by the 
selcctivo action of their &VOUIWH 
into t,he 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 t,his sense in the sub- 
____ ~- 

*Birds are much influenced in their choice of 
food by color. for though whitc currant8 are much 
xwrrtrr fruit than rod, yet they neldom touch the 
foru~er till thep hs~e devoured every bunch of the 
latter.- while’a Selbvrne, ‘ m.Qm~twns on 3ird.s.’ 

-__. ~-. .-~- __-.. 
sweetest srent,ed flowers, so it is Tabular forms are convenient for 
with the brightest and jucicst fruit; clear presentment, but their hard and 
they sooner attract the visitors whose 1 fust divisions are apt to be mistaken 
services thev need. and thus pain for real lines of segaration. whereas 

the several sub-kinidoms merge one 
into the other, lil& the colors of the 
rainLow. As furtlwr reducing the 
number of types, animals may be 
divided into three grades : the Pro- 
tozoa, which have no body cavity; 
the Cmlenterata, which have a body 
cavity; and t#he Ccclomata, including 
all a&mals, from echinoderms to mati, 
which have a digestive cavity separate 
from the body cavity. Any consecu- _____ - 

* The Color Seme p. 221. 



and high&. I>oth of plant iUlc1 ani 
mal. are one in community of origin. 

The lowest member of this group 
-in Other words, the lowest known 
animal, if we except clcrtain parasites 
-is the ~~r~oro~2 rC;r, wm~os, sin- 
gle). Like the lowest plants, it lives 
in water, the element in which life 
had beginning. It is au extremely 
minute, shapeless, (aolorloss, slimy 
mass, alike all over, and therefore 
withont snv organs. When we say 
that it IS dkc ill oTer wo mem that 
our range of vision does not enable 
us to report otherwise, for doubtless 
the simplest and smallest living 
is vcrry complctx in Ptructure 

thing 
And 

we mean, further, that there is no 
differentiation, as it is called, i. (i. 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 multiply. to respond to the 
outer world; and all these the or- 
gauless moneron discharges. Every 
part of it does everything; it takes 
in food and oxygen anywhere, and 
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tive nrran:rnment rR.n nnl~ hrodly digedn ttnrl hmathes all over its 
indicate the relative order of the body. Like the happy peptician of 
several life forms, because develop- whom Carlyle tells, it ‘has no sys- 
ment has not proceeded in direct tern.’ It literally igets outside’ its 
line---e. 17. the ant, which belongs to / food. having t,he power of throwing 
the Annulosa, is the highest of all out blunt finger-like prolongations, 
invertebrates ; but It is not t,here called pseudopods or false feet, with 
fore most nearly allied to the lowest which it propels itself and spreads 
vertebrate. The connoctlng link, as over its prey, sucking the soft body 
will be shown presently, is found in even from shelly creatures, and cast- 
the donhle-nwkrd, hott.le-shn.prtl FWJL ing :rxw.y thr+ rnfnnn So far a8 the 
squirt, or nscidian (Cfr. mkidioa, a function of nutrition, which includes 
little bottle), which is classed under digestion, circulation, and rejection 
the Mollusca. aud for this reason of waste, and the function of repro- 
that sub kingdom is placed last hut du4ion are concerned, the moneron 
one in the ascending scale. 
go back far enough we fintl the 

If we / performs these as completely as the 
corn- highest animals. For these, with 

man 6t;trting pint 0f dl. whence their complex setn of orgaun-liulgs, 
they travelled for a while along the heart, stomach, &c--cannot do more 
same road, and then clivergccl wider than nourish themselves and keep 
and wider apart, nnt.il it now P(!~!TIIS 
difficult to b&eve that the lowest 1 

_. 
8 

FIQ. 3R.-Monera, without nucleue. A, 
showing pseudopod. R, process of 

fissiou. 

the body in health: very often they 
cannot, through folly or misfortune, 
do that. And in reprocluction, which 
the moneron effects by dividing it- 
self into two, as do the lowest plants. 
wherein, aa in, it, there is ueilher 
male nor female, it accomplishes in 
simple fashion what the higher life- 
forms can do only in n. mow ccm- 
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 functioq of 
relation. 

Reference has been made to the 
response to stimulus from externaJ 
things manifest4 by the lowest life- 
forms, although there is no trace of 
a nervous system in them; and now 
that me are treating of a living mass 
that not only feeds and digests and 
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breathes all over, but likewise fe& 1 NOV, as every part of an org&nm 
all over, a few remarks upon the 1 is made up of cells, and as the func- 
function and origin of nerves may tions govern the form of the cells, 
supersede the need for any det&ed the origin of nerves must be due to 
account of the several nervous sys- s a modification in cell shape and ar- 
terns in tho representative animal rangement. whereby certain tracts or 
types. fib& of communication hetween the 

The function of the nerves is to body and its snrroundings are origi- 
bring the organism into relation with , nated. 
its surroundings ; they are the special But what excited this modification? 
media of communicut~on between the! Tllu nil-surrounding medium, with- 
body and the external world, and ’ out which no life had been, which 
between the brain and every move-, determined its forms and limits and 
ment of the pa& of the body. torches it at every pint, wit.h its 
Starting in the higher animals from ! throbs and vibrations. In the begin- 
the encased brain and ensheathed nings of a primitive layer or skin 
spinal cord, and dil%‘used in the lower exhiblted by creatures a stage above 
auimaln iu letie complex arrangement, themoneron, unhkenesses wouldarise, 
they report from without to within. i and certain parts would by reason of 
The &rations of the ethereal med- 
ium tllat r&e& ns 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 
eve, that sees. So with the air- 
vibrations that travel along the aural 
nerves, the sensation of sound re- 
sides in the brain, not m the ear; so 
with all the manifold sensations that 
we feel. The unity of the sensations 
is fundamental; the ditterences lie 
in the vibrations. The correlation 
of the senses, as we may term it, is 
shown in the familiar t&k of getting 
a blindfolded person to tell whether 
he is drinking port or sherry, or 
whether the pipe he is arnokmg is 
alight VI nul. 

ante wo& be set up in thoue more 
delicate parts. These, developing, 
like all things else, by use, would 
become more and more the selected 
paths of the impulses, leading, as 
the molecular waves thrilled them, 
to structural changes or modification 
into nerve-cells and nerve-fibres of 
ever-mcreasing complexity as we 
ascend the scale of life. The entire 
nervous system with its connection; 
the bmin and all the subtile mechan- 
isrn with which it controls the bodv : 

Wherercr there is sensitiveness to 
impressions, however (lim and feeble 

the organs of sense, with th& 
mysterious selective power-the ol- 
fectory orgam, probabjy the earliest _ _ - this mn.v he, there the function of 

relation’ is being exercised. This I developed, so acute m man as to 
sensitiveness is exhibited by the 1 detect the presence of the one-three- 
monercm in it,s shrinking when’ billionth of n, grain of me!rcn.ptan 
touched, and in its grip of food ; but (snlpllnretted~cohol), and yet coarse 
the sensitiveness is diflused, and not ; by comparison with the antenna of 
locatetl in any organs. In members insects; the eye, to receive and 
of the same sub-kingdom there are sift vibrations trrrvelling twelve mil- 
faint traces of approach to nerve- lion miles in a minute; the ear, with 
structure, and the development of 1 its three thousand strings of Corti, 
this is manifest in ascending scale, / each vibrating in response to a par- 
till m the highest life-forms among I ticnlnr sound-wave; the organs of 
certain invertebrates, as ants, and taste, guarding the entrance to the 
v&&rates, as man, it reaches sub- digestive canal and refusing admit- 
tlest complexity. 

their finer structure he the more 
readily atimulsted by, itnd the morq 
quickly responsive to, the ceaseless 
action of the surroundinps. the re. 
suit being that an extrtif kmnit.ivn- 
new alona the lines of least resist. 
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tmce to contraband food-alike 
begin as sacs formed by infolding of 
the primitive outer skin. In con- 
trast to the eyes of invertebrates, 
the sensitive elements of the eyes of 
vertebrates are formed from a paired 
outgrowth of the fore brain. ThC 
brain, trillion-celled seat of sensation, 
arose from the infoldings sinking 
down beneath the surface and finally 
becoming inhec:lde(l in other tissues ; 
the eye aud tho ear, as their parts 
developed, were joined from within 
by cntgrowths from the brain. Such, 
in fewest words, is that theory of the 
origin of nerves which, formulated 
by Herbert Spencer, has been con- 
firmed by all recent biological re- 
sear& * 

Development by cell-modification 

within a fall of cellulose. This 
isolation, or lessened susceptibility 
to the vibrations of air and ether, to 
changes of temperature, and a thou- 
sandfold subtile infiuences, the ani- 
mal escaped by remaining mobile, 
and setting up no barriers between 
itself and its environment. 

A short step upward from the 
moneron brings us to the -4m~&, 
so called from its constant change of 
shape as it protrudes and withdraws 
the pseudopods. It shows approach 
to-war& unlikeness in prts in the 
modification of the protoplasm into a 
membranous skin at the uurface, and 
in a nucleus nea,r t.he cent.re, with an 
expanding and contracting cavity for 
distributing food and oxygen in the 
body-a primitive apparatus for 

lh. XL--lmwb~ (highly magnified). 

applies to the body thronghout-to 
bone, bo cartilage, and sinew? us well 
as t,o the myriads of nerve tissues, 
varying between the fifteen him- 
drodtl~ md tllo tvvclvc-tho~laancttll 
of an inch in breadth, that keep 
11s in touch with the universe. Bnt 

easy as it is to dissect am1 de- 
s&he the nervous mechanism. the 
nature of the connect,ion alike be- 
tween nervous impulse and conscions- 
ness in a man, anal between sensation 
and contractile action in a moneron, 
remains nn insoluble mystery. 

and other animals are called ‘amce- 
boids’ because they are like the 
nnlcebn iI1 etructuro, size, and movc- 
ments. changing their shape, living 
an independent life, and even taking- 
in food. 

Some of the lowcst amabao secrete, 
like the diatoms among plauts. solid 

I matter from the sea, building for 
What has been said concerning I themselves primitive organs of shel- 

the tliffusetl sensitiveness of the lower tcr and dcfence in t.he shape of es- 
animals adds force and suggestive- I quisitely formed chambered shells 
ness to the fac.t that t.heplant limitetl , pierced with holes, through which the 
the action of the outer world upon it soft body flows and the pseudopods 
when the lnotol$asm end~scd it.self ; are pushed for capture of food. 

*Cf. Ildfour’a (i~~tp. Emtrpio~~, ii. pp. 41rl-4. Some form their skeletons of lime 

digestion and circulation. Therein 
tShe beginning of a distribution of 
labor, leading to cell-modification in. 
to orgnns, is illustrated. The white 
coqm~cles in tile red blood of man 
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FIG. 37.-Three Ciliated Infusoria. 

2. C’odenterala. 

The ‘ hollow-bodied ’ animals nre 
made up of two layera of cells more 
or less modified. But they are still 
of low organization, one evidence of 
which is that, like the Prrrfozoa, they 
have no vital parts, and that there 1s 
no separate canal for absorbing foot1 
and carrying away refuse, the mouth 
still opening direct into the body- 
cavity. 

The lowest members of this sub- 
kingdom are the ,Y$onqe.s. They 
were long regarded as colonies of 
amoebae, 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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others of flint, evidencing to the l)e ranked in a division called Porifera 
possession of a selective power or {Lat. ~KNWS, a pore; and $YO to 
dim sentience by even the minute& bear). Very lovely are the skeletons 
creatures; and, as shown already, it which some of them secrete, such as 
is of these skeletons that vast depos- Venus’s flower-basket, with its grace- 
its are composed. ful fretted spirals ; but more familiar 

Still more marked advance towards to us are the useful fibrous and porous 
unlikeness in parts is manifest in the 1 domestic sponges, woven of material 
Jr~#‘~oriu, so called because readily ‘said to be chemically allied to that 
developed in infusions of e~pesed spun by silkworms. Being rooted to 
vegetable matter, where they crowd one spot, the sponge-cells have be- 
by myriads in the space of a water- come specially modified for ingather- 
drop. Instead of the pseudopods 1 ing food ant1 oxygen. Only the cells 
of the moneron and the am&a, we on the outside of the horny or flinty 
find vibrating filaments or cilia, by skeleton can procure food and oxygen 
which supplies are swept into the easily; those living in the inside 
body, which is furnished with it I-rdi- aI&% this by meitns of cilia, the 
mentary mouth and short gullet, whip-like action of which drives the 
through which the food and oxygen water, charged 1vit.h food and oxygen, 
pass to the body-cavity through the innumerable oannls, 

whence, having served its purpose, it 
is driven out through other canals, 
carrying the refuse of t,he colony 
with it. The whole sponge repre- 
gents, as has been aptly said, a’kind 

)I 
of submarine Veni‘ce,- ‘where the 
people are ranged about the streets 
and roads in such a manner that each 
ran easily appropriate his food from 
the water as it passes along.’ 

Cilia also 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 auy 
other part. even of t,he nervous sys- 
tem, but fulfilling much less impor- 
tant fuurticns thn.n in the bodies of 
the Iower animals. 

Kent in rank nbovo tbc sponges 
are the tiny cup or tube-shaped, jelly- 
like, green-hued (because cl~lorophyll- 
containing) polyps named jr~~&~.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. Prom 
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 t,hcy contmct, the cells 
burst and fling the thread, lasso-like, 
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around the prey, poisoning it with 
the fluid. From some of the marine 
ape&es which secrete t.ubes of flint, 
and project themselves therefrom like 
flowers. 80 that the sea depths are 
covered with their waving, plant-like 
forms, the buds detach themselves 
and become the beautifully tiuted 
1l2~lus~ or ,jell!/-fish. These produce 

eggs which become! rooted polyps, 
60 that the ofSpring never resembles 
its parents. but always its grand- __- 

sues propel the animal along in 
rhythmic grace of motion; a nervous 
system runs round the margin of 
t,he bell : there aro xlzdimentary eyes 
in bead-like pigment spots, and rudi- 
mentary ears in #mall sacs along the 
margin; and the hanging tentacles 
are charged, as in its fresh-water 
ally, wit.h deadly fluid. 

Lovelier still, and of Rlightly more 
complex structure, are the variously 
coloied A%a anemwes, with th eii 

p&rents All living matter is largely 1 petal-like tentacles : while nearly al- 

FIG. 38.~Structure of Sponge. 

made up of water, the average pro 1 lied to these are the colonies of COP- 
portion ranging from Aeventy to al-buildeers, which, despit,e the surg- 
ninety per cent., but in the jelly-fish , ing wave and drifting current, raise 
it is about four hundred to one. Yet, their tree-like structures. foundations 
fragile as is the creature, its structure of Bolid land on which the bird builds 
is complx. Canah-4 traverse the swim her nest and mtlll sets his dwelling. 
minx-bell, and carry food and oxp- 
gen to every par% ; rudimentary mus- 3. Echinodermata. 

cles in the shape of contractile tis- i This division includes all rayed 
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animrtls, the skin being hardened by the Iilny matt.er being secreted in 
the secretion of jointed or leathery scattered spirules. 
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 ten having a digestive canal shut off from 
tre; in others, as the AYeea-r&r&it), ; the body-cavity, affording special pro- 
they are coiled to form a globular vision for nutrition. This is effected 
body; in the bSecz-Eillies, which by a number of canals which com- 

FIG. A@.-Jelly-fish. 

abounded as far back as Silurian municute with the outside of the 
times, bnt which are now rare, they body, and through which the sea 
snring, flower like, from the end of a, water is driven by cilia, as in the 
fixed stalk; in the slug-like &~r-c~- I sponges. The water is also pressed 
c?r~l/ers, which possess the power 1 from the canals into numerous little 
dyspeptics may envy of throwin< suckers, 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, 1 motion on solid ground. There is a 
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distinct nervous system, the fihrea of be noted between the life-forrns of 
which in the star-fish run along enrh the invertebrdes. The Jifferenrxs 
my, at the t.ip of which is an eye between the secretions of limy mat- 
having about two hundred crystal ter by the rbmceba and by the sea- 

FIG. 41.~.Vertical Section of Common Sea-rmemone. 

FIG. 43.--n, Sea-cucumber: h and e, yom~g stages of the same. 

lenses, and a primitive eyelid in the 1 nrchin, between the contractile n&ion 
form of a Clmy covering. of the moneron in every prt and the 

Thus far an intimate relation. may localization of nerve-function in the 
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tnedus~~ and thu star-fish, brtweeu i counts for t.hc development of the 
the vacuole of the amoeba and the : higher organs of communication near 
digestive canal of the sea-cucumber, I it; the anterior or front segments 
are differences of degree and nut of, most completely undergo concretion, 
kind. They are one and all due to I and in this way the portion that car- 
cell modification arising out of ad- 1 ries 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 1 gans, as eyes, ears, antenms, is 
complex and special. from the organ- 1 formed. Hence the position of the 
less to the organised; and any ad&- head or skull, as t,he protecting 
tion to the bare detaila giwx al~ovu j Ww%Ure rouncl the more specialized 
would only bring the more promi- part.s, is ruled by the position of the 
nently int,o relief t,he fact of an indis- mouth. The heart, which is tube- 
soluble, underlying unity. shaped, Iies along the back, UKI the 

digestive canal lies be t,ween the heart 
4. A 7muEosa. and the nervous svstem. This ar- 

rangement distingdshes both edli. 
The common struotural feature forms, and wasps, leeches and 

which gives its name to the numerous crabs. centipedes and beetles, lob- 

b 

PIG. 44.--Uiarmuu of Annaluse Auimd. 

classes of aninn+ comprising four- 
fift.hs of existing f413ecies, grouped in 
this sub-kingdom, is the division of 
the body (which is developed from 
from three layers of cells) into more 
or leas well-defined riqqs or seg- 
ments. It is also, likg the body of 
vertebrdes, bilaterally symmetrical, 

stcrs and ants-in fine, all but the 
very lowest classes. Rtlt, tL-3 ~clv~nce 
in cotnplexi~y of structure-in other 
words, in division of labor-is espe- 
cially shown in the more elaborate 
arrangements for the conveyance 
of nutrition throughout the body 
:ls compared with that exhibited in _ . _.. _ 

i.e. &~uble m-d cnmm+ule~lt, so that the lower mlb- kmgdon~n: c. y. in the 
if it were split lengthwq93 the 
two halves would be s&n to be al- 

moneron food and ox?gcn enter at 
any and every part,; m the nnlcr4~a 

most exactly alike. The nervous 
system, which runs along the belly, 

they are driven thlon~lrnnt the boc~y 
bp means of a pulsating vacuole ; In 

consists of two flue cords, knottetl the polyp they are I~ronpht by the 
at different points into ganglia or water which finshes it within and 
masses of nerve-cells, the first pair bathes it, withont ; in the sea-urchin 
of ganglia being above the gullet, so md the &a+-fish the nutriment is 
th& the cords which join the second carried by canals in their bodies 
pair form a collar round it. The im- wllich communicate direct with the 
portant part which the mouth plays water. In the higher Anuulosa the 
as 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 they have jaws and teeth, often a 
part, and likewise removes the waste hard skeleton ; the females have one 
and effete matter, the immediate aud sometimes two stomachs, but the 
motor power by which the blood is poor male has none. They can re- 
driven through t,he body being the main for vears in a state of suspend- 
heart. The &ration of t,he blood- ed animation.* 
in other words, thr: supply of oxvgen The typical form-head, thorax or 
and the removal of carbonic a&i- chest, and abdomen or belly--of the 
is eRected bp its passage through numerous varieties of the widely 
the respiratory organs. Only the 1 diffused Cruutncea, or hard-shelled 
back-boned animals *breathe through I class, whose three lobe ancestors, 
the nostrils, the lower animals breath- the trilobites, flourished in the seits 
ing through pores or sacs in their 
Bides, which oul&vide into countlens 
tubes. 

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

blued ; i. veucm~ blood : 8, intestine ; n. ovary. 

been developed from muscle-fibres, 
are arranged in pairs. 

Among the lowest members of the 
Annulosa, with which the higher ani- 
mnls are more or less connected in 
descent, are Vmms, or worms: 
these including a number of degrad- 
cd forms which live as pnrasites iu- 
side the bodies of nearly all animals, 
man having Lie full share of them. 

Midway between worms and crust- 
aceans may be placed the minute 
Rot~ftrr, HO rslled because of the 
ceaseless whttcl-like movement,s of 
the cilia round the mouth. These 
degenerate specks, many of which 
are visible to the naked eye, are 
highly organized. They have a nerve 
ganglion which sends out threads to 
the ruby eye or eyes and antenme : 

)f the Cambrian aud later periods, 
8 tha same, with infinite: modifica- 
;ions in detail, as that of the re- 

Pm. 46.-Common Rotifer. 
cl, mouth : b, eye-spot8 : d. chewing organ : f. ali- 

ruenu~rg canal : k. developing embryos : 1. IUUR. 

maining classes, from spiders to 
beetles and ants. But in hmxts 
these three divisions are sharply 
marked, the chest to which the legs 
and wings are attached, and the belly, 
being sometimes joined by a mere 
thread, whence the name given to 
that class, Insectu, ‘cut into.? 

Some authorities regard insects 
and crustacea as derived from a re- 
mote common ancest,or. Whether 
this be 80 or not, the aquatic origin of 

*Cf. Hudson and Goase’a magnificent monograph, 
The Hotifera. pp. 0. 13Y. 
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insects is certi. Their wings have 
been developed from organs which 

pass throngh well-marked series of 

mere adapted for breathing in the 
changes, but t,hese take place with- 
in the egg, the food-store of 

air as the necessity arose, and they 
ultimately became organs of flight 

which suffices for their development. 

when the creature left the water ior 
Through lack of this -supply most in- 
sects quit the egg in an immature 

Fm. 47.-Generalized Insect (Grasshopper). 
a. had : h. rye : c. mtenm : cl, thorax : e. foremost pair of logs : f, middle ecament of thwax ; g, few- 
most pair Of wlnp~ ; h, fmxmd pair of legs : i, hindmost wgment uf thorax ; j. second pair of wiI,gR ; k. 
fflmur of third pair of lega; 1, tibia (corresponding to shin-bone) ; no. tni-pus (Hat part r,f foot); ah,, 

abdomen. 

Fro. 18.-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, onlv such as morphoses of grub, chrysalis and 
were able to exist for a t&e out of image. Like the rot.ifers, they re- 
the water winning in the struggle for Iluke the vulgar notion that biiness 
life. is greatness, and that wonder is to 

The larger number of animals 1 be proportioned by the size of the 
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thing which arouses it. For th e in 1 cc&r+, and the variety of functionn 
finitely small is as fully charged with / many of these quasi-human, which 
mystery as the infinitely great; the / they discharge ; in the dexterity of 
moTeme& of forces and energies in j their actions, md the manifest adap- 
both cell and crystal are more corn- j bations of means to ends; in the 
plex than the motions of the giant social order of certain species, no- 
bodies of the heavens; the ultimate table the ant, commonwealth, withits 
analysis of the atom is more elusive clivi&on of labor, its slave and fight- 
than that of the mass which it makes ing population, its farmers and 
UP. miners,* its nurseries for pets and 

In the beauty rind delicacy of in- wmklings, its burial cudumu, ittl 
sect structure-notably in the wings, political and industrial order, which 
more perfect for flight than those of has not, like ours, to readjust, itself 

FIG. 49.~Section of Eye of Insect. 

PIO. SO.-Anatomy of Bivalve Mollusc. 
a, BDIIB : b, abductor nnxsle : c. heart : d. ntrve wnglia : e. adductor muscle; f, month ; 8, ntomsch ; 
k, gills ; i, intestine surrounded by livrr. The tubes lrlarked by BWOWS wo the csnals of the tliphou. 

The water enter8 by the lower and leaves bg the upper tube. 

birds; in the infinito division of or- ’ by peaceful or bloody revolutions to 
gans ; the spider, with its six bun- / changing conditions-we have strik- 
dred teats, spinning its web of as , ing evidence of the interrelation of 
many strands ;* the dragon-fly, with ; all 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 instinct and reason: in 
caterpillar, with its fifteen hundred fine, evidence of fundamental corre- 
air-tubes-we learn that masrlitude spondence between the nervous sys- 
is not necessary to complexity. In terns of the lowest and the highest. 
the high nervous organization of in- / Complexity, not size : mental, not, 
-__. -. _- -__ , pllysiral power, mark advance in the 

*At the Idelhrm-nc Obwrratory a brwd of nl,i- , ()qr>tr~isnl : 
dcrs is kept the strands of whose web are wed fur 

13nd it is in t.he speciali- _.- 
micmmetcra. *Cf. Bates’s An~aron.3. ou foraging ants. 
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zation of the nervous system, nncl in I There is mm& force in the argu- 
the proportion of its controlling ten- merit that the long period of infancy, 
tre, the brain, to the rest of the with its consecluent dependence on 
structure, that the mechanical ex- parontal love and care, through 
planation of intelligence lies. * Dar- 
%n remarks that the brain of an ant, 
which is proportionally larger than 
that of any other insect, although it- 
self not 80 large as the quarter of a 

&ich man, and in lesser degree t%e 
highest apes and other animals, 
pass. haB tended to develop the 
feeling of sympathy and of its ex- 
pression in service of the helpiess by 

FIN. 51. -CuttIe-fish. 
c, arlxlc hellrhg Ihr; hurk<:m ; ,I, ‘a”tacle-**lze arms: (1. nmtmr ; 0, lateral flm: e, eyea. 

small pin’s head, $8 one of the most which the family is knit together, 
marvellons atoms of matter in the and out of which has grown the 
world, perhaps more so than the social instinct which forms tribes and 
brain of a man.‘+ natlonft. Kor does the argument 

*In the rockchafer the l&ortion of brain to stop llere. 
body in 1 to ?,.lillll ; in the worker hen, 1 tn 174 : in 

The longer t,lle baby 
the wbal~~, 1 to 3,000: in thn ehimpanm?, 1 to 50 stage, the more intelligent is the an- 
Ihut. 8% evidnnwd by the large brain of the lwr- imal; for where there is & Complex 
ID&e and the dolphin, the convolutiona, mm% I 
than the volume of brain, are the measure of IX- ~lfmou~ system its specialization 
pa&S. 

t lh.wnt oj Man. goes on after birth ; whereas in the 
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case of an animal with low capacities / life : but all are alike soft-bodied, 
all the nervous connections are lacking the segmented or jointed 
formed before birth, so that it begins structure which distinguishes the 
life in lusty independence, f&y Annulosa. Some, as the sea and 
equipped for work, and t,herefore land slugs. are naked, although fur- 
with no t,ie to bind it to its parents, nished 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 ot,her communal tish proper, are protected by single 
insects, as bees and wasps, has to I or double valves, which in their spi- 
pass through a relatively long grub- ’ ml forms and fndcless coloring some- 
hood, and in this me may 11ave tShc times surpass tShe loveliest flowers, or 
explanation of its high social organ- which. as in the pearl oyster, yield 
i&ion, whic’h has had measnreiess tbe lnstrous substance which, ac- 
time for its development, since the ; cordiqg to ancient fable, is formeil 
rernains of Hymenopt,era are found 1 of ram drops falliug into the open 
RS far back as the Jurassic age. And valve, where some mysterious agency 
if the wpment has any force in the 1 trnnsmuted them. The power of 
case of man, the evolutionist is : secreting m:tt,ter from the sur- 
bound to apply it to the ant, with ronuding water for the construction 
the ilngortant difference th:Lt the , of their shells is one of the most 
limits of the ant’s development were persistent characterist.ics of t,he 
reached long ago, the cal>i1city to Mollusoa, the shells (which are not 
change varving inversely with the cast periodically, as with the crust 
persistence ‘of inherltcci cpldies. ace&) being formed along the six- 

But in the highest members of i face of the thick flexible Rkin called 
the Annulnsn we arrive at the ex- I the &mantle, the crumpled line of 
tremi ty of one branch of the life- tree , : which determines their shape. They 
and we must descend to reach the I range in size from tile enormous 
startSinsr-l,oint which leads us to the I Tridncna of tropical seas. which 

.  .  .  L 

loftier branch whose topmost twig 
is man. 

This sub-kingdom. the importance 
of whose fossil remains has been in- 
clicated, inclntlcs a wide range of or- 
ganisms, any common definition of 
which is difficnlt. Xany of them ap- 

sometimes weigils five iiundred 
pounds, to the minute species of our 
coasts, thousands of which scarcely 
exceed an ounce in weight. One 
species, the C’lio b~tiulis, about an 
inch long, 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 

pear. like t,he falIen angels, not to spril:g from its head. - 
hrire ‘kept their first estate’--as. a.~., 1 The lowest molluscs are the plant- 
the lowest class, which resembles like, fixed ~Sen-~eccts and Seu-rrzoS8PR : 
polyps. and WAS formerly erroneous- the highest are represented by the 
Iv mwmed with them. In the lnwer Brmrens-hke CAttle-fish. from the I 
I;u;;lbriF of mollnscs symmetrv‘.‘of common species of &r ieas to the 
form is more the exception th& the octopus, with its rudimentary inter- 
rule, and in one class we have the nal skeleton and its chameleon-like 
nearest known ally of the vertebrates. power t,o change its color ; and by 

Some Nollusca have neither heads ; t,he pearly Nuutilus, the sole survivor 
nor hear&. or tLt least quite imperfect, of an ancient family that swarmed in 
ones ; others have heads and cham- the waters of the Jurassic and Cre- 
bered hearts ; some grow together in / taceons periods. Between t#hese 
colonies, others live an independent I range the more familiar shell-fish, 



G-i TEL STORY OI CHEATION. 

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

Bnt, as already hinted, the interest 
of the evolution&t in this snb-king- 
doru centres in the transparent bag- 
shaped Sefz-spttirts, or A B&&~I)Is~ 
which, although called under Tuni- 
&a (Lat. ~rrr&cq a cloak), are en- 
t,itld to R distinctive place. Most 
of the species are immobile, attach- 

&ts 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 1111 its oxygen to the 
blood, is expeIled. The heart a tube- 
shaped organ, is placed at t,he lower 
end of the body-cavity, which fills 
the space around the intestine. 
The circule&m forms a remarkable 
exception t,o that of ever.v other 

ing themselves to rocks, shella, anti ’ known animal, the current being re- 
other objects, sometimes growing versed after t.he heart has hmt R cer- 
separately, atic1 sometimes in colonicw tnin number of times. The nervous 
011 II c0xnm01-l stem.” Of the t mo system, consisting of a single gang- 
openings in their gristly (hovering, ’ lion, lies between the mouth and 
which is Iargfly ma& np of cellulose, vent. The position of this ganglion 
a cbaracterist,llc element in plants one gives a valuable clue to the connec- 
is tbc mouth and the other the vent. tion betwceu the asnidians and the 
The MJl~t'h opens into a breathin, (7 vertebrates, but still more important 
SW. Elll.nislltid with numerous &till- evidence as to this is supplied in the 
7: T~~GV 1; it v~y-rine coGtioll ;,P a+*idiullx 11, , cnr1.y stages of the ascidian’s devel- 

the As~n:uinm GIG Naples. which no traveller to / 
that cLts ah~ndrl omit to RCL’. , opmcnt.. In certain species the egg 



THE STORY OF CREATIOX. 65 

.gives rise to a larva rcscnlbling the brain and spinal cord ; and (4) the 
tadpole of a frog, bot,h outwardly eye, which is i)#.side the brain. In all 
and inwardly-a resemblance ‘reach- invertebrates which have eyes the re- 
ing abso1ut.e indentity when we ex- tina or sensitive part is developed 
amine the way in which the various, from the outer skin, and its out- 
organs arise from the primitive egg- 1 growth from the brain in vertebrates 
cell,’ the only important difference is ingeniously accounted for by Pro- 
being that the ascidian has but one fessor Ray Lankester* on the theory 
,eTe. In connection with this Mr, W. ; that the original vertebrate was a 
I% Spencer’s important discovery of 
a small eye in the back of the head 

transparent &.imal, through every 
part of whose clwtr Bkin the light 

of the Hatteria lizard in New %a- passed and acted on the tissues of the 
land, the representative of reptiles inlying brain. But as the skin be- 
whose fossils occur in the Trias, may came t.onghw rend denser, and func- 
be noted. The larvae of the ascidian tions consequently more localized, 

FIG. 54.-Diagram of Structure of 
&n-squirt. 

J?m. 53-Sea-squirt, 
a, mouth ; b, venr. 

and of the frog alikt: yoasess four / the eye-bearing part of the brain had 
structures which are common to to grow outwards till skin-vesicle and 
every back-boned animal at some brain-vesicle met, and the eye was 
stagf? of its development, and the formc?d at the surface. 
possession of which is explicable only Similar as are the larva of the tad- 
.on t,he theory of the descent of sea- pole and the sea-squirt, they diverge 
squirts and vertebrates from a corn- at later stages. While the one ad- 
man ancestor. Therle four strut- vances from the fish-like form to the 
tures are-(l) tho t>hroat with its amphibian, exchanging gills and tail 
gill-slits ; (2) the primitive back-hone for lungs and limbs, and, in fine, epit- 
-a gris’cly rod culled the notochord ornizing in its development the series 
develoned from t,he alimer t.arv canal. of forms through which its ancestors 

‘: 
and which is found in no mverti- - _--. 

brates except the ascidians ; (3) the 
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passed, the othor fixos itBolf by au& 
ers to stone or plant. Tail, noto- 
chord, nerve-cord, and eye disappear, 
the brain remains small, the t,hroat 
enlarges, the gill-slits 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, ita vegetating mode 
of nutrition sc&ng ita clcgcnoration. 

The tailless amphibian frog and il s 
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 
lanoclct or nmphiosus. 

6. TGsrtebmtu. 

We now reach t#he last and highest 
of the divisions of animal life, the 
sub-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 animals witness to this; they 
have fundamentally the same organs 
and parts as earthworms, passing 
through the same grades of struc- 
ture. But while all invertebrates, 
exrept the lowest, consist of a sin- 
gle tube or cavity containing the 
nervous and vascular systems m com- 
mon, rtntl have an outside 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 t,he ner- 
vous system, or the brain and spi- 
nal cord, and the other the vascular 
system, or the organs of digest.ion 
ant1 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 

bones or vortabroc, united by rc- 
mains of the cartilaginous 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- 
mg of the snake, the leap of the an- 
telope, and the spring of the lion ; 
while, as compared with animals 
w&oh ozo citbor nokod, or covcrcd 
by a rigid horny skeleton, cumber- 
some as the armor of our ancestors. 
vertebrates have an enormous superi- 
ority in their internal fratnework 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 
Dlaocd ono behind tho other: but tbc 
iines of junction have becom’e hidden 
by overlying muscles or effaced by 
structural modification-as. e. cl.. 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 bellv, 
characteristic! of crustacea and i&- 
sects, is, however, more obvious. 
The limbs uever 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 in 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 Rpine; the frog has no 
ribs; the tortoise is encased in a 
shield composed of the hardened skin 
of its back and belly; and even in 
the marked division of vertebrates 
into cold-blooded. embracing fish and 
reptiles, and warm-blooded embracing 
birds and mummals, exceptions occur 
in warm-blooded fish, aa the tunny 
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and the bonito. But no ditierences 
in detail can obscure the fact that 
vertebrates are all modifications of 
u common type. the variations in 
structure bemg due to differences of 
function determined by unlike modes 
of life. Moreover, details obscure 
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- 

peiled at) t,he vent,. There being 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 n single cord, 
which hlges slightly MI a p~imit,ive 
brain near the mouth. The short 
notochord and single nerve-ganglion 
of the ascidian correspond, as far as. 

FIG. %.-Skeleton and Outline of Bat.. 
ml k n 

FIG. 56.-Lancelet. 
~1. mouth : D, c, hart : d, liver; g, resplrstory orgirns : Ip, difq?stive ear&l; I, notochord ; m, spinal 

marrow : 0. tail fin. 

nished hp the Zancelet (so called from 
ik lauce-like shape), 01‘ An~$iozu~ 
(Gr. maphi, both: and OZUS, sharp, 
both ends being nearly alike). The 
mouth of this headless, one-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- 

they go, to like organs in the lance- - _, 
lel: ~nrl il Ihey W&W lengthened, so 
as to run along the whole of the back 
of the nscidian, the positions in the 
two animals would be found t.o agree 
exactly. This certainly points to 
their common descent. 

FisheN, 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, rind stur- torv. Tha gill-breabhiog, limbless, 
geons representing in their gristly tail& plant-eating, aquatic tadpole 
back-bones, uneven tails, and spiny develops into the lung-breathing, 
or plated skins, the armored ga- four-legged, web-footed, tailless, ani- 
noids which mark the gradations be- mal-eating, amphibian frog, unable, 
tweun cartilage and bone in strut-’ save when torpid, to live in water 
ture. But the vaster number of without coming to the surface for air. 
fishes, perhaps embracing greater Somo amphibians possess both lunga 
variety of form than any other class and gills throughout life, but all the 
of vertebrates, are teleost, or bonv- 
skeletoned, not hoathing 023 tile ( 
worm-like lampreys, hags (in which j 
gristly arches for encLing the; 
nerves apl)ear on the not,ochord), 
sharks, and their allies-through / 
holes or slits in the neck, but’ 
through gilIs. 

Just as we had to retrace our steps 
in search of a link between verte- 
hrates and invertebrates, so we must 
gzin go back a step or two to find 
theintermediate forms between aqunt- 
its 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 
I;)ipoi, or ‘ double-breathers,‘ be- 
cause, while they have gills for tak- 
ing up the oxygen from the water, 
th>y can also breathe on land by 
means of the air-bladder or sound, 
which thus discharges the functions 
of a lung, Such are the mud,/iuh of 
the Amazons, and thr,jeevi?le of Aus- 
tralia, both of which show tendency 
towards modification of the paired 
fins into limbs,*’ those of the mucl- 
fish being thong-like, and those of 
the jeevine being jointed, for loco 
motion on land. Other fish, as eels 
and the climbing perch of India, ran 
also leave the water, their breathing 
being effected by modification of the . . . Fro. 57.-Xud-fish. 

-- Here, then, we find another inter- higher vertebrates, whether they live 
mediate step between land-dwellers in water or not, breathe through 
and water-rlwellors, the most perfect ’ lungs, which arise, like t,he air-blad- 
and familiar example of which is sup-, der of fishes, US sac-like out-growths 
plied by the common frog’s life-his- of the ljrimitive gullet. 

. . -__ I Kentiles, which include forms as 
* ~,f. Profeneor Rax Iankester~ prefa.ce !o~w+m- 1 &v&e as the nimble lizard, t]le slug- 

,,a;h;,,C‘om>, Analonty, 1’. x1, On the brl&,ln of 1 gish crocodile, and the limbless 
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snakes, are for the most part the rel- these and kindred structures, as 
atively insigni&ant descendants of hairs, claws, nails, and hoofs, are all 
the monsters of the land, air, and outgrowths of the skin. Even teeth, 
water, that flourished in t,he Age of the variety of form and arrangement 
Reptiles amidst the dense vegetation of which render tbom of great value 
of a swampy world, until conditions in determining the habits and gen- 
fatal to them, and favorable to the era1 structure of the animal to which 
development of more plastic life- 1 they belonged, are secreted from the 
forms, supervened. 1 skin. It has been shown already 

./2ir& at the head of which our that the nervous system and sense- 
best authorities place the crow fam- organs are also formed from the 
ily, possess a number of special char- skin; nor should the variety of func- 
acters, chiefly connect,4 with the tion which it discharges, and there- 
power of fl+t, fr+ the path of .T 
which Roman augurs. drew their 
omens of good or evil, as do the *---- 
Papuans of to-day. Their exact se- 
quence in the development of verte- / 
brates is unknown, but their descent 
from reptiles is certain. Not, as I 
might I,e thought, from the 
spdcias, for these were feath 
and more like bats than birds in the 
memhraneous wings which etrctohccl 
from limb to body, but from species 
that walked upon the land. 
although structural likenesses be- 
tween birds and reptiles survive to 1 
attest this former close relation-as I 
c. <I., thu union of the skull to the 
flpme by a single joint, insteatl of 

1 . 

by two pints, as in most amphibians 
and in all mammals, and t.lle union .. 
of the cknll to the j*Lw by the clu~1~ 
rate bone, which enables the jaws to 
be opened very widely-manifold 
causes, working through long Ijeri- 
ods. have brought about marked -. 
differences of external and internal 
st.ruct.ure. Sotable among these is 1 
t,he modification c?f the three-cham ; FIG. 58.--Growth of Hair. 

beret1 hoart of nearly all reptilefi into A. Hair-ntdimmt lrnm an embryo of nixv-wks. 

the four-chambered heart of birds (.I~: e. ;.a~la of the futnrc llolr ,I, bwelnent mem- 
II. bornv iii\ cr llf lwtil~le: /I. ull1l-“1,4 1qer of cut1 

rind mammals, by which the frcfih ‘XUW. II IIan-rmIiment with the gomfi hair formed, but 
and used-up blood are kept separate, 1 not yet r19cn through the cuticle. 

and the higher temperature of the C Hair protruded. 

body is maint,ained. The scales of’ fore the variety of structure into 
the one, and the feathers or downy / which it is modified, surprise us 
covering of the other, are alike modi- when WC reflect how continuous has 
ncations of the outer skin; for al- been the action of the medium with 
though the intermediate stagus be- which it is in immediate contact 
tween the plumage of birds and the ! upon the external surface of all or- 
horny plates of reptiles are missing i ganisms, so that the slight film or 
in fossil remains, it is certain t.hat integnment of the lowest has de. 
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veloped into the complex layers It is interesting to note that in the 
which enclose tile highest. oldest known picture in the world, a 

Space prevents more than bare fresco in the Boolak museum at Cairo 
reference to the varied and helpful taken from a tomb dating about 3,000 
material furnished to the evolution- B. C., three species of geese are de- 
ist bg birds, and to the significant pitted, two of which are so well 
evidence of thoir development as drawn as to be readily identified. 
compared with their rept.ilian auces The lowrst members of the diver- 
tow in larger proportion of brain to slfied group of Jftrmmcdu or milk- 
body, with the intelligence which givers resemble bi~cla in Iwing 
this connotes. A remarkable proof toothless, and m havmg a rommon 
of this may be seen in the wide sacinto whicht~hemtes&s:tndother 
range rind method of their migra- organs open, for which reason they 
tions, involving powers of vision and are called iVZ~~~colrem.e~s, or one-vented. 

FIG. W.-Duckbill. 

memory exceeding that possessed by , These quasi-mammals are represent& 
man. On this instinct, about which by the ornrthorhynchus,* or duckbill. 
we know very little, but which pro- 1 a beaver hke creature with a horny 
bably had its origin in the search 1 bill, the feet being furnished with 
after food, Darwin remarks, +How a / Iboth webs and claws; and by the 
small and tender bird coming from echldna, or spiny ant-eater: which re- 
Africa or Spam, after traversing tho / scmbles a large hedgehog, being 
sea, finds the very same hedgerow snouted and coverell with prickles. 
in the middle of England, where it I -- .-- *ornltn~lmI/7lr!Ilcn paradnras. tllc’ older natlli-alistR 
made its nest last season, IS trulv I nanrcd ,t, for mhr,, the? wrre eseured that the 

marvelloiis. 
” CPcatlllC WBR not e traull of the stuffer. they 

thoujiht ,t must DI: 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 ducktiill 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 Azrther corre- 
spond with those of birds and rcp- 
tilesin containing not only the pro- 
toplasm from which the embryo is 
formed, but also tho foocl-yolk on 
which it is nourished until hatched. 
when it lives on the milk which the 
mother pumps from her teatless 
glands until it can shift for itself. 

lation of reptiles and ma~~mals is 
proven beyond question. 

The next stage in mammalian de- 
velopement is marked by the Mw- 
supids, or poucheo! 9nilfQivers~ as 
kangaroos and opossums, the young 
of which are born in an imperfect con- 
dition, and nourished and kept in the 
mother’s pouch till they c.an run 
alone. Their fossil remains evidence 
c1 wide r~nga in Triassic times, a,ml 
the Post-Pliocene beds of Australia 
yield bones of marsupials as large 
IM e1ephmt.s : hnt. their hnhit,nt,s me 
now limited to that island continent, 
and to lands similarly long isolated. 

In all other animals the young are 
born fully formed. being attached 
during the time of their develop- 

FIG. 60. -Spiny Ant-eater. 
m, marsupial bonm 

Xow an animal that unites in itself ment wit,hin the mother to a struc- 
these reptilian and mammalian foa- tnre called the placenta,, Grough 
turcs is to be c,lasscd among the inter- / which they are nourished by hor, 
esting sinoma’lons and iutermedinte ; whence the general term plaaontal 
forms which Darwin has happily j mammals, of which the insect feeders 
termed ‘ living fossils.’ Whet.her appear to be the primitive type. 
rnonotremes are descended in direct Starting thus more or less fully 
line from reptiles, with the internal ; equipped in the struggle for life, the 
st.ructure of which they have much 1 chances in their favor were incompar- 
in common, and matnmals from; ably greater than those of animals 
m:motremes, or whether there was which are precariously hatched or 
an ancestral form or rootstock from born in an imperfect state; hence, 
which .both reptile and mammal among other causes, the dominance 
branched ol?, so that mammals are as of the placentala, and their devel- 
old as reptiles and older than birds, opement into the highest organisms 
is not. clear, although the rocks mny yet reached. 
one day reveal it. 

They are usually divi- 
But the interre- detl into the following classes, which 
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indicate structural characters corn- even our species, ia possible, for the 
mon to the animals included under succession of fortis 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. T~OTALE~~ . . . . Sloths ; ant-eaters ; armadillos. 

(Edentala) 
These show affinities linking them 

2. SIHENLI . . . . . 
nearer to monotremes than to marsupials. 

(&w&z) So called from their 
Dngongs and manatees, or se&cow8 ; fish-like in form. the fore limbs 

fancied resemblance to mer- 
modified into paddles, the hind. limbs absent; but these are flesh. 
feeders. 

msids or sirens. 
3. WHALE.LIHE . . . 

( Cetacea) 
Whales; dolphins; porpoises; also adaption of structure to aquatx 

life. 
A. “nn~~n _ Vcq nnmeronlrr and a&llc,ablr odor. Diaidod into the odd-loed- *a the 

( Urlgdala) horse. the tapw. and his near relation the rhmoceros , and the FW- 
&d--as swine, and their near relatmn the hippopotamus ; camel : 

6. HYRAX, or ROCK-RABBLE 
deer : sheep : ox : all these are plant-feeders. 

. 
(Hyracozdea) 

Represented by a small animal, the coney of the Bible. The shape of 
the teeth pomts tr affinities with hoofed animals on the one hand 

6. TRUNKED . . . , 
and gnawing animals on the other 

(Probomdea) 
Represented only by the elephant, the longest-lived and moat acute of 

7. FLERH-FEEDERS . . . 
plant-feeders. 

(6arnivwa) 
Seals, bears ; weasels ; wolves and other members of the dog family ; 

8. ona-wImca. . . . 
lions and other members of the cat family. 

(Rmimtia) 
. I&me, Iat, Lr;avt;r, aquir‘al. h very widt;apreall alaaa. 

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

10. FINGER-WINGID , , . 
(Ch:heir~l,va) 

Bat, highly organized, closely allied to insect-feeders. 

11. LEMURE . . . . . 
(Ltmzrroidea) 

The lemurs are sometimes grouped with monkeys in the order of the 
‘four-handed.‘ a division falling into disuse ; but they have marked 
atlinities with msrsnpials, gnawers. and insect-feeders. The ‘ flying 
lemur,’ or colngo, & sqrirrel-like creature with webbed hands, ap- 

12. l%Ih?ATEB . . . . wars to be an interestinp hnk between msect-feeders and Prmmtes. 
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 wcordiue to shaoe of 
skull, color of &in, nature of hair. 

FIQ. 61--Skeletons of Man and Apes. - 

Gibon. Crang. Chimpanzee. Gorilla. Man. 
Reduced from diagrams of the natural size (except that of the gibbon, which was twice 

a8 large 8s nature). 
(From Prof. Huxley’s Han’s Pbce in Nature, Frontispiece.) 

In the foregoing survey of past 
and present life history no break in 

cies in the prod&ion of unlikeness, 
both seen and unseen, has resulted in 

the continuity of life, or in its fun- 
damental unity, is found. In the un- 

ever increasing complexity of forms. 

stableness of the first living matter 
But, strive as we may not to o+Lay 

lay the tendency to that variation 
with detail, it is not easy to keep 
clear and constant before the mind the 

which, acted upon by manifold agen- relationship between all life that is 
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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 oJ 
the theory of evolution which is non 
to follow the description of the things 
evolved. 

THE UNI\-EWE: hIODE OF ITS BECONISQ 
.tSrb GROWTH. 

thr man aud ttiinks. 
-FxEIL9os. 

IN the tii*st chapter a Nlmmarg 
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 observed order of facts 
of whose ultimate nature we know 
nothing. Power is t&at which rlrts 
upon matter in the production or 
destruction, the increase or decrease, 
of motion j nud, tw explained :&ea?y, 
it is upon this twofold and opposltC1 
a&on that we base our assump- 
tions as to the nature of matter--i. 
e. as consisting of atoms of infinite 
minuteness. 

That form of Power which draws 
the atoms together into larger or 
smaller masses, and which resists 
their separation, we call Force; that 
form of Power which drives the at- 
oms apart, and resists their combin- 
ation, we call Energy. Both Force 
and Energy are. like matter, inde- 
-structihle ; m other words, the sum- 
totnl of each is a fixed quantity. 
Force inheres in, and cannot be taken 
from, each atom of weighable matter; 
but Energy passes from atom to 
atom, and from mass to mass, its 
vehicle being that unweighable ethe- 

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, or~iy fractions of it striking 
intervening bodies, as, E.+, 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 
univcrsc will bc dissipated, rmd 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:-Given Matter and 
Power as t,he raw materials of the 
universe, is the interaction of Power, 
under its two forms of a combining 
Form and a sopmating Energy, upon 
Matter, sufficient to account, for the 
totality of non-living and living con- 
t,ents 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 fincl it, the 
mobile vclliclc 01’ orderly sucoce,sion i 
the Evolved, or Unfolded; &zs Wer- 
&74 as the Germans sa.y, or the 
Becoming: not less wrapped in mys- 
tery because we describe it as a 
mechanical process, and do not fall 
back upon unknown agencies or as- 
sume unknown attributes of Matter 
or Power to explain it. 

But since everything points to 
the finite duration of the: prcsent 
universe-for what it. now is it once 
was not, and its state is ever chang- 
ing-we must make a start some- 
where. And we are therefore com- 
pelled to posit a primordial nebdous 
non-luminous state, when the atoms, 
with inherent forces and energies, 
stood apart from one another. Not 
evenly distributed, else Porte would 
have drawn them together as a uni- 
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form spherical mass ruund a common 1 sity of the mass of our planetary 
centre of gravity, and Energy, , system at the time mhen it was a 
awakened by the collision of atom, nebulous sphere which reached to 
with atom, would have passed prof- the path of the outermost planet, we 
itlessly in the form of heat to the should find that it would require 
ethered medium ; but varying in posi- several millions of cubic miles of such 
tiun and character, withspecial gravi- matter to weigh a single grsin.’ 
tation towards special centres. This 1 Given, however, the play of force and 
theory of unstableness and nnlikc- 1 energy upon this diffused matter, the 
ness at t,he outs& squares with the ‘mechanics of the process which re- 
unequal distrikmtivll of Matter, with sulted in the visible universe are not 
the movements of its masses in dif- I difficult of explanation. The force 
ferent directions and at different, bound up in each atom, acting as af- 
rates, ant1 wit,h the ceaseless redis finity, corubineci the atoms aH mole- 
tribution of Matter and Power. All / cules ; acting as cohesion, it united 
changes of state are due fo the rear-, the molecules into masses ; acting 
rangement of atoms through the play as gravitation, it drew the rnlbssesz 
of attracting forces and repelling en- ! toward their several centres of grav- 
ergies, resulting in the evolution of / ity. One of these masses, by no 
the seeming like into the actual un- : means t,ho largest, became the nucleus 
like, of thu shapaleaa into t.he shape- 1 of our solar systeln, which may be 
ly, of the simple into the more and taken as a t?pe of all other masses 
more complrx, till the highest corn- whose erolutlon into stellar systems 
plexity is rwrherl in the dov&pment is as yet complete. 
of living matter. If all that is, from , As the atoms rushed together, 
fire fused rock to the genius of man, Energy, which had hithert,o existed 
was wrapped np in primordial matter. ‘in a state of rest as passive separa- 
wit,hits forces and energies, we can ’ tion, became nctive in VLOEW and 
speak of simplicity onl,y in a relative specular form. As m2Zur* energy 
sense as contrasted with the infinite it imparted motion to each mass-a 
variety nround us which has been motion of rotation on its own axis: 
evolved. and a motion in an orbit, as in the 

1. hmya& EZlolzctiort-Under / proper motion of double stars, and 
this head WC) m~~yqqd~ the foregoing ’ of the plan&s ronnd the enn. Aa 
pYinciple8 to the earllest stages of ~c)ler&~ energy it imparted a rapid 
cosCca1 change, to the &‘&&ctiol~ vibratory backwards and forwards 
of Stezzur A:I/YtfY*Ls. mchnn to the molernlrs, which mo- 

The existence of nebulous or cloud- tion was fort,hwith converted into 
like objects in space, which the tele- the radiant energy of heat and light 
scopC’, aLled by the analysis of the rendering the mass self-luminous. 
qw:trownpe, pruxs to tie immense From the mornent of their conver- 
masses of glowing gas, goes far t#o sion the dissipation of both forms 
jnstjfy the assumption of A yet more of energy ensued. The friction of 
discrete st,ate of t?le damn wl~ich t,ho tither& medinm nlowl;v rriar-& 
formed the material universe at the the orl-titn.1 motion of every mass, the 
outset,. But, although we are famil- 1 molar energy thus lost passing into 
iar with matter in an invisible state, that medium, until finally the orbital 
HIS, o.!/..: in the element oxygen, which, motion will be stoppecl, Rnd the force 
in a combined state, forms nearly of gravitation, no longer resisted by 
half t,he solid framework of the globe, energy. will draw the smaller masses 
we can form no conception of the es- to the larger, as vagrant meteors are 
tremc rarefaction of the primitive being ceaselessly drawn to planets 
atoms. Upon this Helmholtz re- and sun. 
marks that ;if we calculate the den- 

Noons will gravitate to 
their planets, planets to their suns, 
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and so on, until the mnt,t.nr of the (admit of demonstration, but justifios 
universe, with intermediate outbursts I itself as the only tenable explanation 
of energy, becomes cold, inert, and of the several states and distribution 
solid, and Force will have subdued of bodies in space. It is the only 
all things unto itself. The moIecu- ! altcrnativc to theories condemned 
lar energy likewise passes, but more 1 by the Law of Parsimony, as Sir 
rapidly, into the ethereal medium, William Hamilton called the law 
throbbing ceaselessly in all directions which forbids us to invoke the opera- 
to t,he farthest marge of space, if any. tion of higher causes to account for 
marge there be. Small portions of efftcts which lower causes suffice 
it are intercepted by ~n.rh mass, lrnt to eaplain. 
of these the larger proportion is re- 2. &wZutio~~ of the ASoZur &@m. 
fleeted back, the remainder setting up ; --We may now leave the general 
separative motions on the surface, as, ! for the particular, and apply the the- 
e.g., 111 the familiar case of the notion 1 ory to the evolution of that particu- 
of the sun’s radiant heat on the lar &Alar system to which we be- 
earth. Of this solar energy, which, long, and to that portion of it which 
is ra&atecl ec@ly in every Cl&&ion, / we call tile earth. If the explanation 
the earth does not intercept much; of the origm of the sun and planets 
more than the two thoustlnd mil- repeats somewhat of the foregoing, 
lion& l)art. dnii nf this the larger it will only bring home to us the 
proportion is reflected back. only a uniformity.of the process, and show 
fraction, to be itself finally dissi- that what 1s true of the whole holds 
pated? being used to maintain the good for every part, and for the 
earth as the theatre of atmospheric ! parts of every part down to the un- 
and superficial changes whose high- : seen atoms of which all things con- 
eat result is life. sist. 

Such, with much detail left out Two striking pieceu of evidence of 
for clearer presentment of the sub. the common origin of the sun and 
ject, is the mode in which the shin- planets may be cited at tho outset : 
ing hosts of stellar systems appear to (1) They are made of like materials; 
have been evolved from nebulous j(2) they have like motions. 
matter. In this expositon studenm : (1) The spectroscrope has revealed 
of astronomv will recognize the ‘ne- I to us the chemical constitution of 
bnlar theori’ of Hunt and Laplace, severul of the fixed stars, their enor- 
but with important modifications due 1 I~OUS distance not affecting the trust- 
to the doctrine of the conservation 1 worthiness of the analysis. It evi- 
of energy, which wa8 unknown in ; Tlences the existence of substances 
their cl13y,* That theory does not m the glowing vapors of their at- 
--~ -I mosnheres &in to those which feed 
“For B lucid criticism of the defecta of La~ltwe’s the *fires of the hurl ; 

ttleorg, more e*yw~ally m it.8 failure to wnount 
arid if such 

for t.he p~~~l:ar distribution (If the larger ana identity of stuff is proved to exist 
rmlrllrr phwta, the reader nuby study with udrau- 
tage Mr. froctor’rr was.v on ’ How the Plrrnet* grew’ between the sun and other stars, we 

may with reason look for st.ill closer 
identities of material between him 

s:~mn,ary of a ,xrper on thti ‘Spcs 
rem1 by Mr. Sormnn Lockycr .c.., “A<. and his family of plan&, moons. and 

erratic bodies. In fact.. the sun is 
arnvw is that ‘all wlf-luminow hot known to consist of mnterials largely 
relrhrial s~nres are compowd of mctcoritca or represented in our earth. 
nlv.weR of wqmr. produwd by brat broIlgIlt alwut 
hg condlmsadon of mrteor sanrrusduo togravitr ;’ ---.- 
in tirw, that metwriter, arc the primordial stun of thus far, only ahont nnr-half the known trrrrstrisl 
the universr. The cxpwimmta we intwestiug as vlementu halo been detected iu meteoritic. HU 
further evidencing the idorltitg of man)- <tf the that. draliog wit11 the earth alotle, t,he HOUWO of 
elnnents ot c:oamie boAi?!, 1x1~ they do not warrant 
the largerinferenre to which thr Timesgives promi- 

thn remainder muat ho accounted Pnr ; and 2, that 

nence. Two obvi 
mcteoriten. a8 comulex bodies. rsvrcflent is rels- 
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(2) The plmet~ and. with rare rium of tcmpcrature ia reach& all 
exceptions, their satellites, revolve separative motions cease-no work 
round him in the same direction ; , can be done. The smaller the body, 
they also, so far as is known, rotate the sooner would its molecular en- 
on their axes in the same direction, ergy be dissipated; in other words, 
and very nearly coinc.ide in the shape / the quicker it lost its heat. The 
and planes of their orbits, which are present in a large degree interprets 
almost in a plane with the sun’s the past, and explaihs the several 
equator. Now, since the conse-’ stages of the members of our sys- 
quences would be the same were tern, according to their bulk. The 
tkan motione, both on nsis nnd in mm, whose mama exceeds the com- 
orbit, in the reverse direction, the bined mass of all the planets more 
inference is obvious that there 7vas a than 700 times, is still slowly con- 
uniform motion of rotation of the j tracting, and therefore still radiating 
yoas;,fd’“rn which they were severally i energy. In this lies the mpst prob- 

able explanation of the maintemuxx 
As with the primitive nebula from of this energy, which at the present 

which LhL ~l~nti was detached, so rate of dissipation would cause his 
wit,h the mass itself: there were dif- whole cliameter to contract 220 feet 
ferences of density throughout. On 
no ot,ber theory 1s its segregetion 
into a multitude of bodies explicable. 
As the rotation of the mass quickened 
with the indrawing of t.he particles 
towards the common centre of grav- 
ity, the energy 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 port,ions 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 massea 
dtltachad becoming moons, or, as in 
the cme of Saturn, rings of satellites. 
In respect of the diffused and highly 
energi&d fugitive masse*, as co&G3 
and me,teora, 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 sun-like 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- 

yearly, or four miles in a century, 
RO 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 cyc.lonrts only second to 
those of the sun in their fury, and 
the molten centres feed volcanic 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 ; t,he 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 ancl barren 
surface we may read the future of 
the giant planets and the sun him- 
self. For the historv of one is the 
h&tory of all; each i&s passed, or is 
passing, from the inclefinite nebulous 
state, through ‘numberless modifica- 
tions, to the definite and uolicl 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. E’vozutiom qf 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 to which winds and storms sre due: 
parts of the crust-for there is no heating the water, it excites the 
primogeniture in matter-are of a warm currents, and draws heaven- 
structure which is producible only ward the aqueous vapor, which, driv- 
by the fusion of particles under in- en by the wind, returns, when its 
tense heat. As that crust, thin and energy is lost, as rain and snow, 
mobile at the outset, continued to those silent yet mightiest agents 
cool and thicken, it evidenced more of mechanical, chemical, and vital 
strikingly the play of forces and en-, changes. But the full significance 
ergies within, and of energies and, of the work done by the sunbeams 
in lesser degree, of forces without. that strike the eartlI’s surface will 
i’he cooling and shrinking of the in- I aunear when we treat of the relation 
ternal mass, as the stordnp energy 
slipped away, caused tension of the 
crmt, which, yielding to the force of 
gravitation, wtls drawn inwards! and 
cracked and crumpled into mount- 
ains ancl valleya, and into the deep 
depressions which the great oceans 
have filled since the time when their 

of-the living to the non-living. 

CHAPTER VII. 

TEE ORIQIN OF LIFE. 

waters were first condensed from the THE fascination which the question 
thick primitive vapors that swathed of the origin of life possesses is not 
the cooling earth. Then the contin- , lessened by the slow abrasion of the 
uous action of the sun’s radiant I artific,ial lines which divide the living 
energy, operating t.hrough air and, from t,he non-living. Round it, like 
water upon the increasingly rigid, planet tethered to sun by the in- 
crust, dissolved its superficial parti- visible force of attraction the mind 
cles, and redeposited them as strati- , of man revolves, unable to disen- 
fled rocks, in endless beauty and. tangle itself and escape into a larger 
variety, over the surface of the globe. orbit, whence the truer proportions 
And herein lies the major cause of of things may be seen; nor will the 
our earth’s present condition as a undue importance accorded to the 
possible abode of life. For its native living vanish until there is deepened 
supply of energy-that of position within us that sense of the unbroken 
rierivecl from the momemtum given, 
it when thrown off from the pirent 
mass ; and the still unspent. but 
cllwvaya lessening, store of internal 
heat manifest in the volcano 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 
suu which alone does that, for in its 
absence the trrvlal 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 
hions, the ceaseless redistributions, 
which give rise to the grand climatal 
and vital phenomena of nature. Ex- 
panding the air, it causes the inrush 

interrelation of all things to which 
science brings her ‘cloud of witnes- 
ses.’ 

It is agreed that there was au 
‘azoic’ or lifeless period in the his- 
t,ory of the earth-therefore that Iife 
had a beginning; and it, is wit,h t.he 
evidence as to continuity or gap be- 
t,ween the azoic and the zoic epochs 
that t,he present chapter is c.on- 
cerned. 

The azoic stage is evidenced ny the 
primordial temperature of the globe, 
which, taking the present tempera- 
t.uro 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 



80 THE STORY OF CREATION. 

impossible, and, a@rtiwi, vital oom- rlimate prevailed over the wh& 
binations. But wrth the slow rmoling globe, due, as de Saporta argues, to 
consequent, upon the continuous pas- arrest of radiation by a highly vapor- 
sage of the earth’s molecular energy ous atmosphere. and also, perhaps, 
into space, the combining forces to the greater diffuseness of the sun’s 
came into more and more active play, light by reason of his larger volume. 
forming first the extremely simple Thiselton Dyer says that all the 
and more stable compounds, as ma- great assemblages of plants seem to 
ter; then the more complex and less a&nit of being traced back ttt some 
stable, as salts ; and so on in increas- time in their history to the nort,hern 
ing’ cornplenity of matoriul and un- hemisphxe with its prepuudar-atling 
likeness of structure. Obviously nn land-surface. 
enorlnous fall in t,he temperature It is therefore to the north pole, 
took place before the superheated more :,han to t.hr! nont,h pnle, whose 
mass became cool enough to permit secrets, however, no man has yet 
t,he formation of an outer crust. It wrested, that all evidence points aa 
WL~R into the depressions of this the area of the origin and distribu- 
crust that the vapors which floated tion of life. ‘i’he great landmasses 
over it. fell as they coudensed, form radiate southwards, forming, with 
ing muter, which at first was prob. their alternations of submergence be- 
ably at the tempercrturo of a dull red neath sl~dlow seas, and of &pheavaJ, 
heat. &annals of migration for life-forms, 

Thus far, in broad outline, the t,he modificrlticma in which have arisen 
material foundation for the super- from canseN t.o lw rfntllt. wit.h preeent- 
structure of life. ly. In contrast to this, the south 

When, u-here, and hou, did life pole, through its isolation by the 
begin? deep oceans, who- beds have Ifever 

As to the time, we have no evi- been dv land since the waters filled 
dence whatever. Life is enormously their caiities, has maintained only IL 
older than any record of it. Even slender connection with the conti- 
the higher forms were developed nents and large islands tapering to- 
long before the periods in which we wards it, an&its plants and animals 
first find their remains. have been unable to make headway 

As to the place, probably in polar aqGwzt. the rewael~~~ life-dronm from 
regions, as Buffon suggestNed in his the north. 
‘ Epoques de la Nature.’ 

So that given time, evolu- 
tion, continental continuity, changes 

As the globe cooled, those regions of climate and elevation of the lan<, 
would be the earliest to reach a aunt it would appear t.hat the dome- 
temperature under which life is pos- nant types may be traced back to the 
sible. The Comte de Saportn. whose northern hemisphere.* 
researcbos ’ large snppo’t to -- --- 
Buffon’s thg;;, remarks that the 1 *rlf. the Cornte (Innton de Haport& L’Anrinttu 

Vrgitatwm ?‘nlai+~~. in Comp~e IWvlu. of thr interna- 
richest fossjl--$el&ng rocks nre foun(j tional ~:on~re~~ of ~~ograph.v held in PBP~R. 1876 

in northern latitudes of 50” to 60” (published 1X77): vxttnrtn fnvm Sir J. II. Hoolwr’n 
: *ddl.ess to the Rop, !+,oiety. ,877, in Pmrsedingd of 

Ilo al Geog. Sot.. vol. i., IRW, froul which the follow- and beyond, and show that far brick in; iR qdoted: ‘Pnrhays the most novel ides in 
US Silurian times the north pole WLLS Count aaports’~ FRRR~ is that of the diffmed mu- 

warm enough to msintain life of n ’ light nhi~h (with it drnwly clouded atmosphere)- 

t.ropicul character, and that it was 
1 the author a~summ to have lmn nperative in m- 

dnc,ng the contrast hr4wecn tllr ~)olar 811mmer‘R 

the centre of origin of successive 
and wintws. TP it be acreptPr1, it nt once disposes 

; of the difficulty of admitting that rwrpreen tn?es 
forms down to the Tertiary epoch * finwived B long polarr w~ntnr of total darkoeas. sod 

the Miocene flora, which 
’ ! snmmpr of constant atimnlation lv bria?t sun- 

has now to / light: MIA if, further, it in admitt.ed that it IS to I=- 
be sought 40” farther south, being ternal heat we ma!: wcrihe the trqCca1 tx?pat of 

pr, IfnselT represented. 
the former vegetation of the polar region. then 

In Carbonif- t,hrrr! i# no necewitp for asyminu that the RO~IW 
r&an at tbew prrinds WI(B IFI a warmer RX% of 

ernw tmes a warm, moist: cquuble &lar spacr. or that the yositiou of the pOk8 WWI 
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As to the mode, 14 us approach I lies the difforcnce which goes LCS one 
the problem by treating of what is I result non-living substance, and as 
common to both the lifeless and the another result living substance? The 
living. Now. in brief, there are no answer obviously is that, the inyee- 
elements in the one which do not oc- dients behy the sane, the dzfivence 
cur in the other. The most corn- mud lie i?~ the mixing 
ples plant and animal, and the lowest We are already familiar in the in- 
living germ, so apparently devoid of organic world with the existence of 
strudturc t,hat it can only by courtesy the same element in more than one 
be called an organism, are alike made, form, but with difYerent characteris- 

t 

Ji 
T 
i 
i 
i 
I 

of materials derived, directlv or in 
directly, from earth and ‘air and 
W&W. These mater& are oxygen, 
carbon, hydlwgen, nitrogen. with a 
little sulphur and phosphorus, and 
still fainter traces of other elements, 
combined in extreme and elusive 
oomplcuit~ Of the suveml elements 
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, nnd its faculty of unit,ing in 
manifold relations both of number 
and weight, cause its compounds to 
be more numerous and important 
than those of all the ot,her elements, 
bken together. Combining with the 
foregoing elements, it gives rise tc 
protoplasm, from which by successivt 
modifications, slow in their opera. 
tions, the teeming variety of living 
things has been developed. These, 
as explained already, are made up oj 
myriads of cells, each of which is a life 
centre? their combination being the 
sum total of the life of the organism. 
As tho cell itself ia au orgaxiization 
formed from protoplasm and markr 
the first &age in visible structure 
the question as to the mode of origin 
of life narrows itself to the origin 
not of complex organisms, nor 0: 
cells, but of protopl&m. &en tht 
niattcr which composes it, and the 
play of forces and energies of whicl 
that matter is the vehicle, whereir 

‘( 
/ 

; 

I 
, 
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.ics d. ,q, of carbon, US Clitrmoml, 
Traphite, ant. charcoal; the differ- 
!nce being doubtless due to molec- 
xlar arrangement. Chemintvy c&o w?- 
reals intimate likeness of materials, 
n the compounds know as isomer- 
c, in which the physical and chem- 
cal properties vary considerably. It 
1as also manufactured organic com- 
[Bounds, as starch, urea, and alcol~ol, 
the production of which wm once 
thought impossible; and if the es- 
Ijeriments to produce the living out 
of the non-living by t+~~tions of 
hay and extracts of beef have failed, 
as we might expect the? would, this 
failure can have no walght against 
the argument that we cannot think 
any limit to the possibilities of nat- 
ure’a 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 orgs.nic ceaseless 
ly going on within the laboratory 
of the plant under the agency of 
chlorophyll ? 

The ultimate cause which, bring- 
ing certain lifeless bodies together, 
gives living matter as t,he result, is a 
profound mystery. ‘The transition 
between the organic and the iuor- 
ganic energies may be possibly fouml 
in the electric granp Its influoneo 
on life, its production of contractions 
in protoplasm, and its resemblanro 
to nerve-force, are well known. It 
also compels chemical unions other. 
wise impracticable.‘* But. although 
the living thing af%‘ects us much more 
nearly than lifeless stones and rain, 
it hides no profounder mystery thau 
they. The ‘affinities,’ as in our igno- 

*Cf. Cope’.? ongin of the Fitted, g. 436. 
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rance we name them, which lock the goes ceaseless modification by inter- 
elements into beautiful crystalline action with its ever-changing envi- 
forms, are no whit less wonderful ronment. Life involves delicacy of 
than the motions in matter through construction ; hence the transient 
which the same elements manifest the nature of the organic in contrast 
phenomena of life. The origin of life to the abiding nature of the inor- 
is not a more stupendous problem to ganic. And, strange as it may seem, 
t;olvo than the origm of water. Both separation is life; integration is 
protoplasm and water have properties death. For life is due to the sun’s 
that do not belong to t,he individual radiant energy, which, setting up 
&oms which compose them, and the separative movements, enables the 
greater complcxiity of tht! living plaut to convert. through its mys- 
structure does not constitute a dif- terious alchemy, the lifeless into the 
ferc?nr.t! in kind, but. only in cIeg~-C?CX living, t,hns forming energet,ic. corn- 
It does not seem, after all, such a far pounds, which are usetl partly by 
cry from the crystal to the amceba as the thrifty plant for its own vital 
from the amceba to Plato and New- needs. and largely by the spendthrift, 
ton. The crvstal and the amoeba animal for its nutrition, to reuair 
tilkc their pIa& 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 t.he dt.rdivc? n.nd 
repellent poles of their atoms, dis- 
pose themselves as cubes: the cryR- 
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 
kin& ’ But whilst the crystal grows 
by accretion at the surface, although 
even this distinct,ion has it,n ware PT- 
ceptions, the cell grows bv assimila- 
tion or intussusception, i e. by in- 
flowing of nutrition amongst all ii% 
parts,* the new replacing the old, 
yet maintaiuing its structure and 
composition, like the fabled ship of 
Theseus, which remained the ~amt: 
although repaired so often that not 
an original plank was left. 

Speaking rddivdy-fnr nothiqg 
is absolutely motionless-the crystal 
is stable, irresponsive: the cell is 
plastic, unstable, responsive, adapt,- 
iug itself to the slightest variation; 
it *stoops to conquer,’ and so under- 

waste ati maintain fun&ions. ‘Ul- 
timately the energy thus derived 
from the snn, directly b,y the plant 
and indirectly by the animal, passes 
int.o space, and i the dust ret,urns to 
the earth IIS it ~1~s.’ For life in only 
a local nnd temporary arrest of the 
universal movement t,owards equilib-- 
rium. 

Turning to mental phenomena, 
from its lowest manifestations in the 
simplest reflex action of the amoeba. 
or t,he sundew when touched, to its 
highest manifestations in conscious- 
ness or self-knowledge, we find the 
connection between it and t&he bodily 
movements a greater CTT~X 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 
rlccompanied by certain chemical 
changes or molecular vibrations in 
nerve-tissue, involving waste or large 
expenditure of energy, which in 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 n 
man, let palsy or paralysis afflict 
him, and the complex machinery is 
thrown out of gear. And we know 
that the larger the proportion of 
brain to body, and especially tha 
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more numerous and intricate the 
furrows and creases in the gray 
matkr of the brain, the higher in 
the life-scale are the mentnl powers. 

But the gulf between conscious- 
ness and the movements of the mole- 
cules of nerve-matter! measureable 
as these are, is impassable; we can 
follow the steps of the mechanical 
processes of nerve-changes t,ilI we 
resch the tln7x3hoM which limits the 
known, and beyond that barrier WC 
cannot go. We can neither affirm 
nor deny ; we can only confexs ignn- 
rance. ‘If anyone sp.,rs that con- 
sciousness cannot exist except in 
the relation of cause and effect with 
certain organic molecules, I must 
ask how he knows that: am1 if he 
says that it can, I must put the 
same question.‘* That is the im- 
pregnable position of physical science 
as deiined by its greatest living ex- 
positor. ‘Soul is only known to 11s 
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. 

to gather evidence fl-uln tt~e~lr OII the 
matter must fail. But, however 
closely the earliest life-forms were 
related, there is, as noted already, 
fuudamental difference to be drawn 
between their successors in the mode 
of’ nutritim, n difference which may 
throw some light upon the prob- 
lem of priority, and which is not 
effaced hv the existence of certain 
flesh-eat&g plants au1 vegetating 
animals, since this witnesses t,o the 

CHAPTER VIII. 
I 

THE ORIGIN OF LIFE-FOR%% 
I 

MOI~WJRE~S well as heat is essen- 
tial to life; therefore life had its be- I 
ginning6 in water,$, but whethr as 
plant, or animal is a dificult quest,ion 
to Rnswer. Tho fossil-yielding rocks 
tell us nothing about it, and the 
lowest and simplest organisms have 
so much in common that any at)t.empt 
- -. ~--~. 

*professor Huxley on ‘Science and Morak, 
Btwtnightty Revitw. December. 18%. 

t Principal Tulloch, Modem Theories in I’hiloqhy 
and Retzgm. p. 328. 

3 ‘It was in the littoral region that all the pri- 
mary branches of the zoological family tree were 
formed: all terre&trisl and deep-wa forma have 
pawed through a littoral phase. and amonga t,he 
reprenontatives of thu littoral fauns the recapitnla- 
tive history in the form of series of larval coodi- 
tions is most completely retained.‘-Profeesnr 
Moseley, Salwe. September 3. 1385. .4nd the pri- 
mary condition of r +nal development we.8 the de. 
velopment of plant-life in the muno region. 

FIG. 6X-Chlorophyll Granules in Leaf- 
cells (mngnified 550 diameters.) 

bedded iu the protoplasm of the: cells. 
B. Separsted granules. a. 6, yonng grrmules : b’ b”, 
gmuulc~ dividing ; c. d, c, old grsnulos ; f, grmule 
swollen by water; Q, starch granulea in which 
water has deatroyedkthh;, chlorophyll. (After 

interchange of modifications of which 
protoplasm is capable. 

It has been shown that the plant 
alone has the power to convert the 
ele?ents of lifeless matter into the 
living solid state, thereby storing up 
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energy for its owh use in growth, separative action resulting in the 
and germination, and for the use material on which alone life can be 
directly or indirectly of the animal. snstained, the inference in obvious- 
This the plant is enabled to do sole- no chlorophyll, no life. In other 
ly in virtue of its chlorophyll, which words. life being due to energy 
absorbs certain sun-rays, and sets up radiated from the sun. which energy 
chemical action by which carbon is is inoperative without chlorophyll, 
separated from oxygen in carbonic, protoplasm f)l~s chlorophyll is the 
acid gas, and hydrogen from oxygen I physical basis of life. 
in water, formmg hydrocarbons in Against this we have the opinion 
w,hich energy is stored up. Kow, if of authorities of the rank of Pro- 
the animal is entirely dependent up- fessor Ray Lankester among zoolo- 
on fhe plant for this energy, it would, gists, and of Thiselton Dyer among 
seem that plants mere ileveloped first. i botanists. that the earliest protoplasm 

For? remarks Professor Sachs. ‘as was destitute of chlorophyll. They 
all animals are devoid of chlorophyll- ’ contend that since chlorophyll is a 
c.ontaining organs, and are thus modification of certain parts of the 
unable to form organic substance protoplasmic cells. it is not a thing 
from carbon dioxide and mater, sl- of primary origin, but a later acquire- 
though they build up their bodies ment slowly attained. Both authori- 
from such substance, it follows ob- ties incline to regnrd certain forms 
viously that the substance of the of fungi as represent,ing ‘more closo- 
bodies of all animalsis originally pro- ly than any other living forms the 
ducetl in the clllorophyll cells of orifiinal ancestors of the whole 
plants. The few lower animalswhich organicworld* . . . whichexisted 
apparently contain chlorophyll-cer- before plants possessed chlorophyll 
tain ~7~~i~soria. 4!3)309l,f7es, and i’lu- at all.” But fungi *draw their nutri- 
nariw* -contain chlorophyll as a mat- ! merit, 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 thsn 
has recently shown, have vegetable 1 those the green plants make use of, 
cells (Algae) contnining chlorophyll so far approaching animals in the 
in their bodies; by means of the mode of their nutrition.‘t That is 
assiruilation of these green bo&es / to nxy. fungoidn are like animals: 
such animals may be nourished under *Enqclnp. &-it.. arts. ‘Protozoa,’ p. 832, and 
certain circumstanres.‘t 1 ‘ Bioloky,’ p. GYl. 

Grant Allen has marshalled the 1 t * Idokinx back through the prodigious rist.% of 

facts in sllpport of the priority of $ therefore I am devoid of any mems of form. 
the past 1 pna 010 *r.wv3 qi use rammenremml *y-r+. 

plants in a paper of great force and I apprarance. mg a defiuite ronclusion ~8 taa the conditions of ita 
Relief, ix the wientiflc wmfw of the 

clearness, which has apparently re- 1 ntioll;, word ia a wriom mattw. and needs Rtrong found- 
To am’, therefore, in the admitted nbaeucr 

CeiVed bin W3Ilt, RttentiOn from ot widmcr, that I hnvr ally belief %Y to the mnde 

bio1ogists.S He submits that as the I in rvhich the existing form of life haveoriginated, 

Solar r&yS are, in the absence Of ! pectation is permissible where belief in uot : snd if 
would be using worda in a croup RBIIRB. But ex- 

chlorophyll, powerless to set up the 1 it WCI’C giveu fnp to look lvqond the abyss of gee. 
l”i?.iCdl~ rec”llled li,ue tv tlrc *till ll,<,n- re;mr,k 

*TLC following list of cllwophylliau animala has , awl vhemiral cwnditious, which it ran no mwe we 
period ahcn thecnrthmaa],ariningthrougb physical 

hem drawn up by Professor Ray T;lnkcH+:r :- , apam than t) man mar rwall hi8 infancy. I should 
Fornminifera. C!dCllTCl% j rzprrl to be a ailnesspf i/w eo:Afhen ef lrmnq proloplam 
Ftadiolaria. IIydrx niridtf. I .frrom nol~lwmq mtih. I rhould mpcct to -888 it. 

Rhnplriophqs niridis. Anlhrd smaragdinu. aywar undrr form8 nf great simphcity, fndowd, 
IIetetophrys myr~aprda. Vermea. liks Prisfing .fuw~qi, with the pewcr nf deltmr itring the 

Infnsoria. .~fw&mun, wriac. ,fmnalion of new prolginrat .fmm such 7natfp.m as 
Stmtor Mulkri, kc. Hondha wridis. amnmnium curhonat~s, waldes and farfratexaikaline 

Spondda ~~~~~~~~~~~~ Yah,enrien- and rarlhy $‘hossphalrs. and water. tmfhout Iha cud of 
ueaii. Spmglllapuvialiltb. li@l. ‘Ihat ia the espwtation to which annlogical 

Crustaces ,Isnpoda). i reasoning leads me : but I bog you onm mow to 
Id&m nrrirhs. ! rrcollect that I hnvc no right to call my opinion 

th&3, pp. 298-99. 
1 angthin? hut an act of philosophical f&b.‘-Hux. 

ley’n C’nfipuea aw.lAddrtsw, 1,. 330. (The italica are 
$ Oc~if/mnn‘s Maqagazine, June 18% art. ‘ Genesis.’ mm%) 
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they me up the energy which tile 
plants acbumulate, and fill a second- 
ary place in the succession of life- 
forms. The strength of the arpl- 
ment in support of plant-priority 
lies in this, that 7jie?ai,r,q Cfe a~ u 
product of Pmaev op*utir~g w&r 
it8 sepuratiny wtim oj'E?~ergy 76pm 
AZutter, an energy-storing organism 
must have come first. If the first 
protoplrtsm 1tLckecl cl~lorul~l~~ll, it had 
within it the possibilities which per- 
mitted its secretion at an early stage; 
it was, to ilse fln ~lnnvoiclably long 
word, chlorophvllaceons. The ques- 
tion. however, ’ is 01 no serious im- 

by separation from a pre-existing cell, 
and every living organism is made 
up of one cell or of many cells. The 
single cell of which the lowest organ- 
isms are composed does everything 
appertaining to life: it feels, moves, 
feeds, and multiplies. In the com- 
plex or many-celled organisms these 
functions are divided among the cells, 
each of which is independent, bnt 
nevertheless adapts itself for the 
work it has to do, acting in common 
with its fellow-cells. Division of 
l&or ORIIBCB diffcrcnce of structure- 
stem, root, sa!?, leaf, and seed in ths 
plant ; bone, muscle, nerve-tissue , 

FIG+. E4, -GelIs and Root of Fritillary (mngmiied 550 diameters.) 
A. Yerr yontqf rell from near Alex. 

B. From two nn. sbowit. 
C. From abont ei#t nun. h, cell-wall; p. protoplesnl : h’, nnclvus: kk, nucleoli : 6, vacuoles and cell-sap 

porL%nco in view of the common ! blood, and egg in the animal: all are 
evolutioti of living things, and we communities of cells of astounding 
mav pass to less debatable ground ! minuteness variously modificlrl. The 
in inquiry into the causes which have, organism is tho sum of life of all the 
developed tticm in countless variet’y 1 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- I repair over waste ; and when through 
poiut of all life. The nucleus which j assimilation of foodinto its substance 
it encloses is the result of the first the cell reaches a certain size, the 
visible approach of protoplasm to, force of cohesion is overcome by the 
unlikeness of par& and is t.he chief release of tbo energy derived from 
centre of activity. Every cell arises food, and the cell divides eyually at 
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the kernel or nucleus. The slimy, sure, as t,hey continue to sub-divide, 
protoplasm distributes itself around eduses them to flatten and range 
each nucleus as the two part corn- themselves side by side in a single 
pany, to grow and divide again in Ilayer, forming what is called a blast- 
like manner cad infiuitmc. TLI thcso ~ osphere (Gr. bhstos, a bud). By a 
lowest Protozuu we may apply the process which is somewhat obscure 
words, ‘thou art the same, and thy / (for we are dealing with the move- 
years shall have no end,’ at least till , merits of very minute bodies), but 
all life here has end: for they were which corresponds to the conversion 
the Alpha, and may he the Omega. ! of a small indin rubber ball, having 
in the earth’s life-history: neither is ; a pin-hole in it, into a two walled cup 
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 
bill r~nly lzilernl multiplication. In ! changed into a clouhle layered hood- 
many Protozoa a small portion of the or horseshoe-like structure, called 
parent is detached-a process known a gastrula (Gr. dim. of !@er, stom- 
RR generatinn by buLiding ; but thiiu a&~.* The simplex stationary ani- 

Fxo. 65.-041. 

Fro. ti6.-Stages of Cell division. 

and other modes of who10 or pnrtid mnle, RB SI’Ol>,rreS ad pdy,?“, d0 
fission arc classed together as rqro- not advance beyond this stnge, but 
duotion by multiplication. in all animals above them, in which 

The nest stage in structure is bilateral structnrc>. prnba.bly through 
when the cells in dividing remain, to free movement in a given direction, 
their common advantage, grouped : is developed, a third layer larger and 
together, as in all animals above the I more complex arises. The other two 
Protozoa. layers apparently take an equal share 

The cells divide* in definite order in its formation, and from its subdi- 
into two, then into four, eight, six- vision the greater number of organs 
teen, and so on, clustering together ( of the body be it of a worm or am&n, 
in a mornla, or mulberry-like mass, are developed. Passing over much 
in which a cavity filled with fluid Is technical detail, it must suffice to say 
formed, the cells being parted and that the upper layer gives rise to the 
driven to the surface. Mutual pres- 1 skin. the nervous system, and organs 

* Crll-division dqe8 nut extend to the food-rolk ’ 
-.- ~. 

which the ‘egs of hirda. reI)tiles. and many other 
*On the vsriatiom in the pastruls tree. see 

animals contain for ttu nuwiment of the embry. 
IImkel’s EtmMion pf3lan. i. 231. and plates 2 and 3, 

/ pp. 24*1.?. 
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of fienso ; the lower layer to the in- 
testinal canal and appendages ; and 
themiddle hryer to the general skel- 
eton, the heart, and other important 
organs. Thus does the future ani 
ma1 emerge from the gnstruln stage, 
and pass into the embryo sttLge, un- 

There arc numerous variuliuuo in the 
organs of reproduction, but whatever 
unlikenesses exist in detail do not 
&ect this general statement; alga 
and oak, sponge and man, are alike 
developed from germs variously 
called spores, sacs, seeds, and eggs. 

til an advanced period of which the ( The structure of the fertilized egg 
embrvos of vertebrates, -&other fitill, of the l,arent determines t,he struc- 
tortoise, dog, itpe, or IL, cannot bd tortoise, dog, itpe, or IL, cannot bd 
diintinguisllcd from one another-, au diintinguisllcd from one another-, au 
dose IN the likenesses both in out- dose IN the likenesses both in out- 
ward form and structure. ward form and structure. 

-- 

FIG+. 67.Morula Stage. 

FIG. fX--Gastruln Stage. 

All plants nud nnim,zls above the 
lowest nrc reproduced by the agency 
of speiciul cells, the imprefnat.ion of 
the nucleus of tlLe germ or egg-ccl1 
of the female by the nucleus of the 
sperm-cell of the male being neces- 
stir? to set up the series of &angel: 
wl~ch result in the future animal.* 

, 

I’ 

I 

;  

:  

I  

I  

ture of-the offspring, which t,o some 
2Skllb I~e~JNdUce~ bhe WdrielJ of forms 
through which its ancestors pnssed 
ts it progresses to its adult state. 
In other words, the individnnl, as it 
:levelops from the egg cell, epito- 
vizes the history of the nncestral 
forms of its species. 

FIG. 69.-Embyro Stage. 
1. h. brain vewicles. c, blaaatoderm ; d. primitive 
vertebra; e, medullory cord; f, upper la~cr <n’ 

bOd~-ndl. 

The transmission of parental form 
lbnd structure, an men RS of mental 
character, to oRspring, bring dear, 
the question suggests itself, HOW 
hvo Wtriikions, resulting in millions 
of past and present species of plants 
anti animnls, arisen I 

Professor Huxley snys that ‘the 
great need of the doctrine of evolu- 
tion is a theory of variativn.‘* 
When, however, we consider 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- 
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out, ve have Rufficing factors tu IMU- 
dure unstableness which will result 
in unlikeness of parts. Given :b body 
which. although a minute speck, 
aont,ains billions of molecules per- 
forming complicated movements of 
immen&e rapidity, and sensitive in 
an inconceivable degree t#o the play 
of vibrations impinging upon then, 
at the rate of hundreds of trillions 
per scocmcl~ would not tS12c marvel 1x2 
if tllcse quivering part,icles of the 
struct,ure, shaken by energies within, 
rtllcl by 611 7now ynt.ent enerp;ius 
witliont. tlicl not. undergo continuous 
retlistribution?~ 

The position may be thus &ted: 
-The organism has-( 1) Infini to 
complexity i)f structure; (2) inheritctl 
tcntlencies; (3) mohi1it.y rind con- 
tinuous motion? thei-efwre capac.ily 

wi tit Darwin’s name, which explains 
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- 
iug degress of complexity and un- 
lik.eness, until the common starting- 
point from the lowest or one-celled 
organism is reachetl. 

Following Lyell’s method of ex- 
plaining the past by agencies still in 
operation, and adapting hin ta from 
Mdtlmc* nncl other writers in tllc 
calcaring up of questions fiuggested 
by observations extending over many 
years. Darwin propounded a theory 
which, in the judgment of every 
biologist unfettered- by predilections 
or prejudices, accounts in large de- 
gree fur tho origin oi species.* 
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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 t.he coming 
day, but who died ‘without the sight,’ 
-are told by Grant Allen in his 
monograph on L Charles Darwin. 
Commending the readin,g of that 
bouk, especially of the f3th chapter, 
as superseding the need for repeat- 
ing t,he story liere, we m:Ty pa8ss to a 
rapid summury of the evidence as to 
th& mutability of species. 

It SllO111~ IN nute<1 at t.l,o oatsct 
that ‘species’ is a convenient term t.o 
denote groups of individu:& &ring 
certain characters in common, but 
that no one definition of ‘species 
has satisfied all natura1ist.s. The 
term ‘variet:)’ is almost equally dilli- 
cult t,o define ; but practically, when 
a naturalist can unite by means of 
close intcrmedinte links atly two 
foman, 1~3 tronta the one a3 n Wmicty’ 
of the other. ranking the most com- 
mon, but sometimes the one first 
described, as the bspecies,’ and the 
other as the variety.‘* 

1. ATo tmo i71clinichculs of’ the sw2e 
species m-6 excrct~yy dike ; rvrdh tends 

to zvzryy. Of thi3 obvious fact every 
species, with their several variet,iPs. 
from man down wards, supplies abun- 
dant illns!trdi~mL Of the hnnt7rfdn 
of thons:mds of faces t,hat me meet in 
the coimf3 of the year in any large 
city, e:tch hns some feature t#o mark 
it from every ot,her; the practiced 
eye of the shepherd recognizes each 
sheep in his flock, of the Laplnncler 
each reincleer among tht! hertl crowvd- 
ed ‘like ants on ati anthill,’ and of 
the gardener each hyacinth among a 
thousand bdbx. Children of tllo 
same parents vary in size, feature, 
complexion, character, and constitu- 
t’ion, often very ob+usly, but some- 
times too ol~urely for cursory de- 
tection ; and this law of general rc- 
semblance, with more or less vari;t- 
tion in detail, applies to all animals 
and p1nnts.t Tho tendency to vary, 

* Cf. Origi~z qfSpWirs~j3. HR. fitlr. rd. 
t Cf. dnimnls nnrl Plank under ihnesticalio?~, i. 

416; ii. 23.8. 2nd wfi. 

which in our ignorance 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 chnngo of condi- 
tion in which the animal or plant 
may be placed, as shon-n in its more 
marked tendency to vary in a domos- 
ticated th:ln in a wild stnto. For cx- 
ample, when the common ringed 
snake, which in its natural state 1s 
oviparous. is nontincd in a cage in 
which no sanil is strew, it beomes 

viviparous. 

Throughout tShcse pages stress 11:~ 
been Iaid on the fact that the organ 
atlallts itself to the work which it 
has to do ; hence changes of structure 
in a speoies are necessitated to fit it 
for an altered state of things. This 
implies increased or lessened actrvlty 
on the part of certain organs, the use 
or clisuse leading, under the action of 
nnturnl s&&on w Irking thron~h 
long ages. to their devel&ment or 
suppression. 

2. ~cwiotio7ts rrre trff)i,w2itted, tend 
ther63fbre tcorb to brcf>7,ie pvmrr~e~tt. 

In other ~7~1~3, what is peculiar to 
the parent plnnt or anim:11 reappears 
in the offspring. This is known as 
-tlcscent with motliticntion,’ the im- 
porn of which will bo shown later on. 

a. Mcm trtkcs w7cwrtc~~ye of rywsc 
tmmmitted udikpwwv 20 2uwlwe 
mm rrrrieties of’plm ts mtl cn~inlols. 
He selects certain intlividnals posses- 
sing variations which he wants to 
preserve, and allows only them t,o 
breed t.ogether, by which means in 
the course of time he product-s vnri- 
eties differing greatly from tho pnr- 
cnt form with which he stnrt,ed. 
The stock example of this is the 
pigeon. All our domestic pigeons, 
exceeding in number a hundred ~~11- 
marked races, are dcscontletl from 
tBe ordinary blue rock pigeon of 
the Enroponn coasts. Variations as 
marked as the fan-tail, the tumbler, 
and the pouter have been produced 
by the breeder selecting birds with 
certain peculiarities, and choosing . -.. .--_ 

l OrQin of S&ess. p. 8: A. and P.. I. 30:. 
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Prom ettch successive brood only act only on external and visible char- 
those which exhibited the same pe- actcrs: Nature, if I may be allowed 
culinrities 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 far 
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 fcrence, on the whole machinery of 
together; then the fleetest offspring life. Man selects only for his own 
of these in succession, until horses good: Nature only for that of the 
are producecl whoso swiftness far ex- being which she tends. Every se- 
ceeds that of the originally selected lected character is fully exercised by 
pairs. In the dovolopmont of the , her, zm ia implied by t,he fnc.t Of their 
cart-horse, strength, not speed, in selection. Nan keeps the natives of 
the quality selected; while in the many climates in the same country; 
marked unlikeness between dogs wt? 1~ nelrlnm exercises each seleated 
WC the result of artificial selection character in some peculiar and fit- 
in producing such varieties ss the ting manner: he feeds a long and 

i bloodhound, the terrier, and the a short-beaked pigeon on the same 
spaniel. Wrat varieties in fl2wer8, food; he does not exercise a long- 
vegetables, and fruits-as, for ex- ; backed or long-legged quadruped in 
ample, the development of the nu- I any peculiar manner ; he exposes 
meroua kin& of apples from the sheep wibh lorq ILLL~ fihort wool to 
small, sour crab species-the like, the same climate. He does not 
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- 
t.his choice of slight variations has mals, but protects during each vary- 
brought allont plants and animals ing season as far as lies irrhis power, 
best adapted to the service of man, all his productions. He often begins 
we may desire the time wheu man his selection by some half-monstrous 
shall so realise his duty to the race form, or at least by some modiflca- 
that the multiplication of the &ket:v, tion lmxuinuut enough to hatch the 
both ph~sicalJy and morally, will eye or to be plainly useful to him. 
cease, ano only men and women or 
the hi&eat type reproduce their 
kind. 

Now the important work which 
Darwin did was to show that what 

Under Nature the sligbtcst differ- 
~PQR of ntru&ne OP comtitution 
may well turn the nicely balanced 
scaleiu the struggle for life, and so 
be urcserved. How fleeting arc the 

man doefl on R small scale wvltbin n 
limited range of time, nature dots 
on a large scale during countless 
opocl1n ; ’ with the further difference 
that the action of nature is not, pur- 
posive, as is the action of man, but 
involved in the necessities of things. 
We may qnote what Darwin says on 
this matter:- 

‘As man can produce, and cer- 
tainly has produced, a great result 
by hrs methodical and unconscious 
means of selection, what may not 
natural selection efYect? Man can 

wishes and efforts of man ! how short 
his time! and. conseauentlv. how 
poor will be lhs res&e, compared 
with tbuac nccumulate~l bv Nature 
during whole geological c periods ! 
Can we wonder, then. that Nature’s 
productions should be far “truer” in 
character tbari man’s productions ; 
that they should be infinitely better 
adapted to to the most complex con- 
ditions of Ilfe, and should plainly 
Lear the stamp of far higher work- 
manship? ’ * 

*(If. Origin r,j‘Spwics p. Ii.5 
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fecundity whereby nature, ‘so care- 
less of the single life,’ secures the 
race against extinction. 

4. ilfvre VTyU&W28 art? fiOT’71 thccn 
wtrciue. To quote Darwin once 
more, ‘there is no exception to the 
rule that every organic being natn- 
rally increases at so high a rate that, 
if not destroyed, tile earth would 
soon be covered by the progeny of 
a single pair. Even slow breedrug 
mau has doubled in twenty-live years, 
and at this rate in less than ru thou- 
saml years there would literally not 
he standing room for his progeny.‘* 
If all the offspring of the elephaut, 
the d4owest breeder known, survived, 
there would bc in seven hundred aud 
fifty years nearly nineteen milliou 
elephants alive, descended from the 
first pair. If the eight or nine mil- 
lion eggs which the roe of a cod is 
said to contain developed into adult 
cod-&hen, lhe sea would quickly be- 
come a solid mass of them. 80 uro- 
lific is its progeny after progeny, 
thnt. the common home-flv is ~ccm~ 
pnted to produce twenty-on; millions 
in a season: while so enormous is 
the laying power of the apbis, or 
plant-loufie, t.hat the tenth brootl of 
one parent, without adding the pro- 
ducts of all the generations which 
precede t.he tenth, would contain 
more uonderable matter than al1 the 
pop&ion of China, estimating this 
fit. live hundred millions ! 

It is the same with plants. If an 
annual dant nroduced onlv two 

1 I  

seeds yearly, and all the sedhlings 
survived and renroduced in like num- 
ber, one millionLl~lants would be pro- 
duced in twenty years from the 
niu,ulle ancestor. Should the increase 
be at the rate of fifty seeds yearly. 
the result,. if nnchccketl. would be to 
rnrer the whole ~101~ in nine year*, 
leavirq no roum for other plants. 
The lower organisms multiply with 
astonishing rapidity, some minute 
fungi increasing a billionfold in a 
few hours, while the protoroccns or 
red snow, multiplies so fast as to 
tinge many acres of snow with its 
crimson in a night. But we need 
not give further examples of this 

* Ihid.. p. 51. 

5. ‘i’he w-wit <is obvious: a cease- 
less strtq~flle Jbr jood and place. 
In that struggle the race is t.o the 
swift, rind the battle to the strong; 
the weaker,be it. in brain or body, go-. 
iug to the wall, the vast majority 
never reaching maturity, or, if they 
do arrive at it, attaining it only to be 
starved or slain. As, amongst men, 
eompctition is sharper between those 
of the same trudc, WJ throughout the 
organic world the struggle is less 
severe between diRerent species than 
between members of the same spe- 
cies, because these compete most 
fiercely for their common needs- 
plants 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 osaurod to the plant 
or animal that has some advantage, 
however slight, which its opponent 
lacks. Among plants growing in a 
dry soil, those whose leaves have 
thicker hairs upon them will absorb 
more moisture from the air than 
plants with less hairy leaves, and, 
competing successfullv with these, 
will survive to transmit their advan- 
tagcwus variations. Agnin, mlch *f3 

ate better able to resist t,he depreda 
tions of burglarious insects by pro’ 
tection of thorny or prickly stems, 
or by nauseous taste, will thrive and 
multiply, while plant,s lacking these 
defences dwindle and become extinct. 
So ~~?tb those which by showy colors 
of their flowers and sweet,er nectar 
attract insects whose visits are de- 
f3ircd as c~n+crs of pollen from &a- 
mens to pistils. These secure propa- 
gation, while plants less attractive 
remain barren. The birds that are 
strongest on the wing reach the land 
whither they migrate, while the 
weaker perish by the way. The lions 
of sharper sight and more supple 
spring, the wolves of keener scent, 
secure their prey, wlvllile the feebler 
members starve. It is with man as 
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with the oreanisms below him: the 1 and mimicry* in the struggle for 
life has been demonstrated bv Dar- quickest in ‘intellect, and those with 

greater po.wer of endurance, distance 
t,he 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 tjo 
trees, and Of digging and burrowing 
animals underground. 

The ddlaty aurl vuiety of We 
conditiOns upon which natural selec- 
tion seizes escape the keenest ob- 
servers, Of their RUCC~‘BS. however, 
in t,racing the varying fortunes of 
species Darwin gives a striking il- 
lustration in his esplanation Of t.ho 
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 Lurr~ citlvee and 
foals, the maggots hatched from the 
Eggs cansing the death of the young 
animals. Now, supposing this pnra 
sitic fly to be destroyed by an in- 
sect-eating bird, oxen and horses 
would abound in a wild state, and, 
as they would eat certain plants, tht! 
vegetation would be altered, and 
these changes in the flora and fauna 
would inroIve changes Of increasing 
complexity. 

win, Wallace, Bates,* and other:’ acute 
observers. The more closely that. 
an animal approximates in form and 
hue to its surroundings, the easier 
dots it escape detection by it,s 
pursuer, and the easier does it avoid 
the notice of the prey which it pur- 
sues. In conformity with this we 
find t,hat most animals are protec- 
tively colored, while those which are 
not are so constituted as to render 
81x311 protection needlens. Bb. illus- 
t.rative of the operation of natural 
selection in this matter, we may 
borrow nn dmird>lA c~~ample from 
Grant Allen’s ‘Charles Darwin.’ 

The interrelation between the pro- 
portion Of 01~1 mn.itln ~1~1 an al&d 
alwe of red clover is not, ~7ri~~cc~ficcie, 
quite as Obviuus. But it lnay be 
proved in this wi,re. The clover is 
fertilized by humble-hecs, the number 
of which is’ determined by the nnm- 
her of fiel(bmicc. which destroy their 
ncats. The number- of field-mice, 
again. is determined by the uumber 

FIG. ‘Il.--Leaf Inseot and its Egg. 

Or a white insect, still m0re a red in- 
sect or a blue insect., would be im- 
mediately det.ect.ed nn d tlevourecl by 
its natural enemies, the birds and 

: the lizards. But any grcyish or yel- 
’ 1 lowish insects would be Iess likely to 

attract attentinn at first sight, and 
* would be overlooked as long as there 

Of CntS, and the number of these, were 
finally, by the number Of old maids ( _-- - 

any mcjre conspicuous in(?ivid- 

clover is excellent food for cattle, and 
Jrdte, (Trans. Lixn. SW., ~unrrmlwr IHGI), of which 
Ibar& WAS, irl EL letter tn or. IWW r~/e rind Let- 

cnt,tle are excellent food for man km. ii. 31) : ‘ Itin oue c>f thv ~nost reulnrksblc and 
9 

elderly spinsters are benefactors to 
~rdmirahle papl~8 1 wcr red . . solving & wall- 
d&i,1 yrobl~,::. So delightfnl 8 paper rhould 

their species ! 
not h* all<nr ed to lie Imrird 111 a learned society’s 
‘Trsomctions, for the illwtretionR oi mimetic an- 

The important part played by color alogiea betwwu mrmberx of widelp distinct fami- 
I lirx nud brtweeu inewt and thrlr mrrwndings - _-- 

‘In the desert, with its monot-. 
onous sandy coloring, a black insect 
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uals of their own kind about fur the 
birds and liiards to feed on. Hence 
in a very short time the desert would 
be depopulated of all but the greyest 
and yellowest insects; and among 
these the birds would pick out those 
which differed most markedly in hue 
and shade from the sand around 
them. But, those which happened 
to vary most in the direction of a 
aamly ur “puL~Ly culvr wuuld btr Luost 
hkely to survrve, and to become the 
parents of future generations. Thus, 
in t.he cam-se of long ages, all the in- 
sects which inhabit deserts have be- 
come sand-colored, because the least 
sandy were perpetuallv picked out for 
destruction by their ever-watchful 

ish transparency of animals which 
live on the surface of the sea, the 
gravel-like color of flat-fish that live 
at the bottom, and the gorgeous tints 
of those that swim among the coral 
reefs. 

Among the secondary causes of 
modification of species among ani- 
mals Darwin gives prominence t,o 
‘sexual selection,’ or the struggle be- 
tween males for the possession of 
females: the result being that the 
stronger males secure mates, and 
transmit the qualities which have 
given them the mastery to their off- 
Spring. Every farmyard combat il- 
lustrates the truth of Gilbert White’s 
prose* and Schiller’s poetry :- 

RR. 72.-Walking-stick Insect. 

foes, while the most sandy escaped, 
and multiplied and replenished the 
earth with their own likes.‘* 

Thus, then, is explained the tawny 
color of the 1arge.r animals that in- 
habit the desert, the stripes upon the 
tiger, which parallel with the verti- 
cal stems of bamboo, conceal him 
as he stealthily nears his prep. the 
brilliant green of tropiml birds, tho 
leaf-like form and colors of certain 
insects, the dried twig-like form of 
many caterpillars, the bark-like ap- 
pearance of tree-frogs, t,lie harmony 
of the ptarmigan’s summer plumngo 
with the lichen colored stones on 
.which it sits, the duskv color of crea- 
t,ures that haunt the night, the 1 line- 

*P. 37; and cf. 0. A.‘s art. ‘Mimicry.’ Ewy4. 
Bnf. xvi. p. 341. 

Wcnnwhile, until Philomphy 
Huataim? the structure of the World, 
1%~ workings will be carried on 
By hunger aud by love. 

and among the larger animals-as 
stags and deer, and notably sea-lions? 
-the deadliest combats take I’liLce 
at certain season8 fur 1x~ssension of 
the females. Bnt there is competi- 
tion less fierce in character, if not 
IPRR fn.t.4 tn the weaker or nnen- 
dowcd, strength giving place to gr;lce 
of form. brightness of color,i and 

t Cf., Elliott’P dn Axfir: fiouinrc, ch. x., for a 
vivid account of the battles bctxwen the mall-s for 
priority on thu breeding-grounds oE the Pribylov 
IUl2,lLdS. 

; ‘As colors ~eeru tal he tho chief external scxnal 
diatinvtim in ~nang hirda, thwr colors do not take 
lilacr till s~xm.1 attachments lx-gill to obtain. And 
the cam is the fame in qw&upedn. aluong whom, in 
their younger days, the S~XBB differ but little; but 
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wit,c.hnry nf Rang, thtj femdee m&ing chnngc, in t.he organism either lit: 
choice of the male who by his beauty without it, or for the most part are 
of form, color, odor, or voice, at- t.o be sought for without it, the 
tracts them most, or who, as among range of variation of the plant being, 
the highest species, has wealth or by reason of its fixed conditions, lim- 
good social position. These last con- I ited as compared with that of the 
done infirmity and ugliness. ’ locomotive animal. 

It is clear that sexual selection / It has been shown already that the 
largely esplains the development of 
special features, which, trausmitted in 
incwttsiag &pee through a fwrict3 
of gc,neratiuns, have contributed to 
tllc survival of the fittest. For what- 
ever these features may be, whether 
weapons of defencc or attack, plum- 
age md song of birds, c.olor of but- 
t,erflies, perfume as of the musk-deer, 
01‘ RI.J~~ taste as of the toacl, their 
presence is explained by their util- 
ity, siure, as with’ the flowers and 
scmtcz wherewith plants nttrtlot in- 
sects to secure fertilization, the pri- 
mary function of color, form, orua- 
ment, and whatever else has given 
advantage to plant or animal over 
its competitors, is its service to the 
organism, and not, as man in his I 
fond delusion has assumed, the de- 
light or profit which it has given to 
him. 

In treating of the obscurity which 
hugs tlruund the ultimate causes of 
variat.ion, stress has been laid on the 
cew&ss and elusively. complex in- 
ter+y between organ~nrotl and t.hc? 
medium which surrounds, quickens. 
and nourishes them. As Gegenbaor 
remnrkp.* the energies w&h cause 

* Corner. Amt. iEnglish cd.), p. h7. ‘I have beon 
1~1 to placn mlueahat mwr value on the &tinits 
and direct ncrion of cxtm’nal conditions.’ I.cttrr 
to (!srnr, Mu!: 1RGD. Imrwin’s f,?.fe rind Lpltpl:p, iii. 
109; and c-f. letter to Moritz Waq~er, October 1876, 
Ibid. y. 169. 

88 they advance to maturity hornH and HhapR;” 
mnnw. brurds and brawny necks. Lc. kc., ~tron,qly 
dlwriminati the male from the frmnle. WI? may 
iuntanw i&ill farther in om own spwiee. whew a 
beard and stronger featnrm are USlII~ll~ CharartPr 
intic of the male RAX; but this sexual diversity c1o.v 
not take place in earlier life; for a beautiful jwuth 

touch of the medium was the first 
quickener of variation in t.hc rise of 
the carhcst apprc~d~ to unlikeness 
at tllc surface, as in the membranous 
film which envelops t.he lowest life- 
forms, and, among the lii&1’ nni- 
mals, in the gradual specialization 
of lines of communication-the nerv- 
ous system sn~l sense organs-with 
the outer world from infoldings of 
the skin. The diffused sensitiveness 
to smell. light, and sound became 
localized, the 8en313e of touch remain- 
ing general over the body-surface, 
except where horny skin is secreted. 
Obviouslv, therefore, the tmdenrv t.o 
vary whi”ch inheres in living things 
being stimulated bv interaction bc- 
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 ceaseless changes in 
things without have involved adap- 
tive changes in all organisms except 
the lowest. Seemingly, all things 
remain as they were from the begin- 
ning. The range of our experience 
is too narrow, the time since scien- 
tific obflervution of nature began is 
comparatively so recent, the changes 
in living things often so beyond di- 
rect detec&on, that. we r.annot, won- 
der at people’s reluctance to accept 
the theory that the countless species 
of plants and animals which have, suc- 
ceeded one another have a common 
descent, through infinite modifica- 
tion, from structureless germs. And, 
in fact, not only is life vastly older 

shall be so like & beautiful eiirl that the diffeerencn 
shall not be 8iscernible.‘-ii’hite’H 
vi., to Hon. Dsioes Barrington. 

Sel~ne, lc‘tter 



TEE STORY OF CREATIOS. 95 

than any record of it, but the fossil 1 tho work for the organs. Morcovcr, 
yieMirlg rocks mpplp no key to the changes which arise in the structure 
origin of the leading groups, whose’ are not limit,ed to one part, the 
representative types of to-day are so whole organization being, in Dar- 
little altered that every fossil as get win’s words, ‘so tied together dur- 
found can be 
classes. 

put into existing ing its growth and development, that 
Hus’~y remarks that ‘the when slight variations in any one 

whole lapse ot geological time has part occur, and are accumulated 
thus far yielded not a single new I through natural selection, other parts 
ordinal type of vegetable strnctnre; ’ become modified.’ Take, for esam- 
and althouRh ‘ tlie positive ohango pie, the growth of tho deer’s nntlom. 
in passing from the recent to the which in some species attain a 
ancient animal world is greater, it is weight of seventy pounds in a feN 
stil1 singula.rly small.‘* Tho varia- 1 weeks. The increased supply of 
tion in ordinal type of animal strut- / blood which this involves necessitates 
ture is only about ten per cent. of readjustment of circulation, and the 
the whole. increased weight which the skull has 

to bear nece&itates more powerful 
muscles and ligaments, with in 
creased st.rength of the bones to 
which tlloy MO attached. More food 
is needed to supply the energy thus 
ospendcd, involving more active tli- 
gestion, and therefore modification 
of the digest.ive organs. Again, in 
man the siow 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 adcled weight of brain, 
so 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.* ‘Thus I find,’ 
Darwin remarks, ‘in the domestic 
duck that tho bonca of tho wing 
weigh less and the bones of the leg 
more in proportion to the whole 
skeleton than do the same bones in 
the wild duck; and this change may 
be safely attributed to the domestic 
duck flying much less and walking 
much more than its wild parents,‘? 
-rl’hc< quertionmhnw far u&and Airnwe &i-e true 
CBUBCL~ oPcbsngc of organic: type has long exercised 
the nttention of biologiutn. ~omc among whom. 
notably Professor Wrismsnn. contend that changes 
wquiwd by the individual arc never transmitted. 
But the argnmenta BJ ret adduced by him leave hia 
Pal33 not proveu. The pnbject ia, however, too 
technical for cnlargemen t here, 

tOrigin ?f Speck, Animals and Plank 

Yet we know that nothing is 
rigid; the enrth records the gradual 
ascent of life-forms in structure, and 
the chauges in its crust, in a scrip 
ture that cannot be broken. The 
agencies within, and the far more 
potent agencies without, that have 
wrought tliose.changes, pursue with 
out pause their slow and sometimes 
sutlden working. The earth itself 
speeds through space, heedless of 
the freight of life that t,hrobs and 
struggles on its surface, and that at 
last is laid to sleep in its bosom: 
careens and brings the seasons in 
t.heir sureness; spins and gives, uu- 
failing, the glory of the sunrise and 
t.he 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 alterations in soil which they 
bring about, profoundly affect food 
and t,he power to obtain it. And 
the necessity for food being a strong 
-perhaps the strongest-stimulus 
to motion, the organism which the 
more readily adapts itself to the 
changed conditions, or is better 
equipped to resist them, wins in the 
struggle. The new functions to be 
discharged 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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or, more corr&ly, its wild nnccstors. 
But there are many changes in- 
duced in organs by their use or dis- 
rise on the part of the animal which 
arc not t.ransmitted; they die with 
the individual in which they occur. 
Like mutilations of parts of the body 
which are prnctiscd throu.gh suc- 
cessive generations of individuals, 
they arc powerless to affect the 
type. 

It is to natural selection that we 
must more often refer modifications 
which, appearing as relics of struc- 
ture c’ommcn~ to large groups, have 
a specious look of being due to in- 
dividual use or disuse. Take the 
familiar example of the true whale. 
The cpitomo of its ancestry which 
the embryo presents reveals its de- 
prent from 1unJ malnmals having 
short fore and hind limbs, scanty 
covering of hair, broad beaver-like 
tails, t,eeih of different shape, and 
well-developed sense-organs, espe- 
cially of smell. These forefathers of 
the whale probably lived in marshy 
districts. and, being omnivorous, 
sought their food in both swamp uncl 
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 
creaturest living in fresh water, and 
at last finding their wav into the 
ocean, from Which the “huge sea. 
lizards of earlier epochs ha.d disap. 
peared, leaving t.hese leviathans scope 
‘to play therein.’ Hence arc es- 
plained tllo aduptive chnngce ui 
structnrc : the fore limbs were modi _. -. . _. ^ 
ged into flippers enclosed in a fin- 
like sac, but retaining the bones 
corresponding to like structures in 
ot,her mamm& as in the arm of 
man, tlw wing of the bat, and the 
fore log of the horse. Traces of 
the hind legs may be detected in n 
few species; the tail. which actccl 
as a powerful swimming organ, be- 
came divided into two lobes; the 
head became fish-like in shape ; the 
t3cven bones of the neck, common to 

most mammals, ax-cw tugt:Ihar ; 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 bean devolopell, w-hilt: the L&l 
remains rudimentary. 

The explanation is that both 
whales and ~~1s RI’C? the gr~rl~~nlly 
modified descendants of ancestors 
who, in virt,ne of their favorable 
adaptation to altered conditions, sur- 
vived under the agency of natural so- 
lection. while the ma.jority, being un- 
fit or less adapted, perished. 

Vnriety of readjustment tu ~llert3ii 
surroundings, through like causes, re- 
sulting in progress in i;ome direc- 
tions and in st~~ndicm in other di. 
reetions, is further evidenced in 
existing modifications of the common 
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 recapit.nlat.fJ yenr hy ymr 
in the individual from the boss to the 
noble branching antlers. In t,he 
flestl-feeders we find that higher in- 
telligence which the stealthy or open 
pursuit of other animals required, 
economy of bulk, great musrular 
strength united to quickness uf NC:- 
tion, and t,eeth and clams stlapted 
for attacking and readily seizing 
v-w. 

In both groups we find progres- 
sion of parts wllic~h in the Primates, 
the group including man, are will- 
nigh stationary. Among this group, 
limbs, teeth, and organs of digestion 
have all been slightly mcJdified, mid 

no organs of &fence or attack de- 
veloped. The esplunntion is that 
these animals, being unable to com- 
peto with the larger mammals9 took 
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to n.n arboreal life, which induced few 
variations of bodily structure, the 
most importxmt being opposable 
thumbs and great toes for grasping. 
But the need for alertness against 
foes sharpen&i their wits, and the 
need of combination quickened the 
social instincts, so that the energy 
which in the flesh-feeders and tile 
plant-feeders was stored in limb and 
muscle was diverted in the Primates 
to development of brain. They thus 
escaped the limitations of one contli- 
tion, which determined the develop 
mcnt of lions and rhinoceroses in a 
given direction, and they preserved 
the power to adapt themselves to 
vet-y diverne conditions. Whicheror 
among the arboreal creatures pas- 
sessed any favorable variation. how 
aver sligltt, in structure of brain and 

FIG. ~~3.---ciorill~ walking. 
(From Huxley’~ Xan’s NW, ZR Xdure, 1,. 49.) 

sense-organs, would secure an advan- 
top2 over less favoreJ rivals iu tlw 
stmggle for food and mates and el- 
bow-room. The qualities which gaTe 
them SUCC~SR wonlrl hn transmitted 
to their offspring. the distance gained 
in one generation would be increxsed 
in the next, brain-power conquering 
tm1t(! fOlw, and skill outwitting 
strength. 

And while some of t.hem remained 
arboreal in habits, never moving 
easily on the ground, although mxk- 
ing some approach to bipedal motion, 

as seen in the sh,ambling pi+ of the 
man-like apes. others developed a 
mode of walking on the hind lirnlx 
which entirely skt free the fort limbs 

as organa of support, and enabled 
them to be nsed as organs of hand- 
ling and throwing. Whatever were 
the conditions which permitted this, 
the enormous advantage which it 
gave is obvions. It. was the muk-iqy 
or” WCCPL. His bipedal and erect posi 
t’ion involved exchange of tree-life 
for life on the ground, bringing him 
into new relations with h!s surround- 
ings, qnd ultimately giving him the 
mastery over them. 

We see in lower animals? as the 
elephant. the monkey, the opossmn, 
and the parrot, that their power to 
grasp an object by reason of thoir 
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 
perfect instrument to carry out the 
behests of his brain, we may see in 
t,he interaction of brain and hand a 
main factor in his development,. 
The structural differences between 
him anrl the man-like apes are in- 
significant ; the impassable chasm 
lies in his larger and more complex 
thinking apparatus. The action of 
natural selection became restricted, 
except in minor changes, as of the 
jaw, t,o his mental faculties. Yet 
even in brain-structure the differ- 
ences between him and the nhim- 
panzee are slight when compared 
with the differenc+~s between t,he 
brain of t,he chimpanzee and the 
lemur. It is in tho deeper fur- 
rows and the more intricate con 
Tolutions that the distinction lies ; 
lmt even hcrc the grip between civ- 
ilized and savage man is greater 
than that between the savage nod 
the man-like apcs.t Thcreforr. in 
following evolution to its highest 
operations and results, the compari- 
son lies between the several races 
nf mankind. Darwin says that he 
does not believe it possible to de- 
scribe the difference between savage 
: til d civilized man. ‘It is the differ- 

* Cf. Spmccr’a I?-incqxcs of pr.vcho/o,gy. i. pp. 36% 
“.. 
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FIG. ‘i ‘4. -Hemispheres of Brain of Chimpauzee and of Man, showing relative pro- 
portions of the parts. 

(From Huxley’s Man’s Place in Nature.) 
a, posterior lobe ; b, lateral ventricle ; e, posterior cornu ; z, hippocampus minor. 



THE RTOBT OF CREATION. 99 

em-r? hhvwn a wikl and tame ani- 
mal ; and part of the interest in 
beholding a savage is the same which 
would lead every one to desire to 
see the lion in his desert, the tiger 
tearing his prey in the jungle, and 
the rhinoceros wandering over the 
wide plains of Africa.’ He describes 
thu Fuogians, who rank amongst the 
kJW!St sltvages, as men *whoHe very 
signs 2nd oupwnwnns m-e less in 
tclligible to us than t,hose of the 
domesticated animals-men who do 
not post~ss the instinct of those 
ammals, nor yet appoar to boast of 
human re~on, or at least of arts 
consequent on that reason.‘* SLlCh 
I’LLC~R ~tre mu& mi~rer to the ape 
t,han to the European, and it is from 
like accounts of existing savages 
that we may form strnw rough pic- 
ture of ‘primitive ’ man. 

DoubtLAss he was lower than the 
lOWeSt of +hSe-:L pOwerfu1, clln 
ning biped, wit.h keen sense-organc 
(alWays sharper, in virtue of constanl 
exercise, in t,he savage than in the 
civilized man, who supplements them 
by science), strong instincts, un- 
controlled and fitful emotions, small 
faculty of wonder, and nascent rea- 
soning power; unable to forecast to- 
morrow or to comprehend yesterday, 
living from hand to mouth on the 
wild products of nature, clothed in 
skin or bark, or daubed wi t.h clay, 
and finding uheltor in trees nnd 
CtliPes i ignorant of the *implest urtS, 
save to chip a stone missile, and 
perhaps to produce fire; strong in 
his need of life and vn.gne tense of 
right to it and to what he could get, 
but slowly impelled by common 
perils ma passions to form ties, loose 
and haphazard at the outset,, with 
his kind, the power of combination 
with them depending on sounds, 
signs, and gestures. 

To quote the striking description 
from Lucretins, ‘ during the revolu- 
tion of many lustres of the sun 
through heaven they led a life after 

* iVuluralisl’8 Vuyage armmd the Worhi, P GOC, cd. 
1879. 

:he roving fashion of mild beasta. 
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 ram had given, what 
the earth itself brought forth, was 
Suerdon enough to content their - 
hearts.‘* 

Such, in broad outlme, was pro- 
bnblv the mxcml condition of the 
earliist known wanderers, the rude 
relics of whose presence are found 
associated with the bones of huge 
extinct mammals in old river beds 
and limestone caverns. As the suc- 
cessive deposits and their contents 
show, not. till long ages had passed, 
bringing new and settled condi- 
tion& with knowledge of agriculture, 
metals, and other u&f111 arts, do we 
find any marked progress among 
mankind. Even that progress, often 
checked in its zigzag course, n.nd 
never an unmixed good, neither 
synonymous, as the many think, 
with a nation’s imports and exports, 
11~s been confined to a minority of 
the species and to a narrow zone, 
while, compared to the antiquity of 
man, it is but as yesterday. The 
enterprise of the higher races has 
explorecl and utilized large tracts, 
and the pressure of popula,tion nt, 
the centres of civilization has within 
quite recent periods vastly extended 
their periphery: but whole empires, 
like China, advancing to a certain 
stage, have, through isolation and 
the tyranny of custom or dread of 
chBng:e, stagnated, whilst the lowesb 
races have remained unmodified, like 
the lowest organisms, and have more 
or less succumbed heforn the im- 
ported vices and t.he weapons of the 
white man. But the causes of 
arrest and of advance are alike com- 
plex : man, like every other living 
thing, is the creature of outward 
and inward circumstances, and many 
influences have worked in the shap 
ing of his destiny. Certainly, ex- 
.-- .___ -____ 

*TIP Rerun Xdurd, v. 933-938 ; and cf. odyosey, ix. 
loc+llB. 
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tremes of dinurcie 11;rve been f&-d kind, with its degenerate races, 
to advance beyond a given stage; it Bnshmen, Fnegians, and, perhaps, 
is in the temperate zones that the Australians; with its relics of ancient 
incentives exist tco continuous and civilizations, whose art we can only 
indefinite progress. feehly imitate, and whose types of 

In reviewing the several operations manliness we cannot hope to excel; 
by which species have arisen, it is furnishesits monitions of the leth- 
essential to bear in mind that natn- / argy and love of ease which precede 
ral selection is not causal, but only the downfall of peoples. 
directive. It is powerless to luring I Il~Xi~lll~~lt?S of persistence of type 
about the slighLe& variation in or- UC) supplied in the unaltered concli- 
gnnisms ; it is all-powerful to pie- ’ t,ion of the simplest forms since the 
serve .varintions ‘beneficial to the 1 appearance of their earliest know71 
lkng nntlfv its conditions of life j _ mpresentutiven. Their simplicity has 
. . it cnn tlo nothing until favorable I been their salvation. A high organi- 
individual diff’erences OCCIW. and un- zation brings with it manv disadvan- 
til a pIace in the natural polity of the 
country can be bct,tcr filled bv some 
modification of son70 one or more of 
its inhabitants.’ * Moreover, sincd 
it tends tu eaLaMib;L bullet! betwfxn 
life and its surroundings, it dots not 
imply all-round develol)meut of the 
hlghr?r frnm the lower. Its keynote 
is adaptation. To quote Herbert 
Spencer’s remarks ou the erroneous 
conception of evolution as implying 
that everything has an i?ltrinsic ten- 
dency to become something highcr. 
‘if in the case of the living aggre- 
gates forming a species the environ- 
ing actions remain constant from 
$enertttion to generation, the species 
rcxnninn cnlrstnnt. If those actions 
change, the species chnngcs until it 
is in adjustment with them. But it 
by no menus follows that this change 
in the species constitutes a step in 
evolution. Usually neither advnnco 
nor recession results: and often, ccr- 
toin preCr,ualy acquired strnctures 
being rendered snperfiuoue, there re- 
sults a simpler form. 07ily now and 
thn rloen the environing chanp 
initiate in the organism a new corn- 
plication, and so produce a somewhat, 
higher type.‘? 

The parasites notably, tha sea- 
squirts, lanceluts, and the marvellon~ 
rotifers, are examples of recession. 
Kor these alone; the history of man -- .- 

tages, for “the more complex the 
structure the more liable is it to 
get out of gear. We cannot have 
highly c.onvolnted brains, and at the 
same time digestive organs simple 
:md ronewable like those of t,he sea- 
cucumber. 1)eath is the price paid 
fcrr comploaity. 

Of tlio propositions expounded in 
t)hc present chapter this is the sum: 
--c; two living things arc exactly 

. Their inherent tendency to 
vary is oxcited by their surround- 
ings, on whicbh all life depends, and 
to changes in which they must adapt 
themselves or perish. Every living 
thing t,ransmits its qualities, and 
thorctfore, rnnong them, its varia- 
tions, to its offspring; the more nse- 
ful the variation, the better is the 
plant or animal equipped in the 
struggle for life. E’or as all livine 
things tend to multiply so rapidly 
that the earth would be too small in 
a very short time for IL single spe- 
cies, a fierce and ceaseless struggle 
is waged, chiefly between the same 
species, for fuocl and plnco. The re- 
s77lt is that by far the larger number 
never reach maturity, or are killed 
and oatcn. In the long result varia- 
Cons give rise to new species. 

The only assumption at the base 
of Darwin’s t,heory 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 fo the age of the earth, more e6 I descent in fivtrfolii: viz. 1. by em- 
pecially as a fit and possible abode ! bryology, or likeness in their be- 
of life, geologists and physicists are ginnings and development; 2, by 
not agreed. The geological est,i morphology, or structural likenesses; 
mate rests chiefl? upon tbc rates at, 3, by thei; classification: 4, by their 
which the dcposlt of sediment, or succession in time; and 5, by their 
t#he wearing away of soil by rain and ! distribution in space. 
rivers, IS going on; but that esti 1. XXq/nZo~~~.--The eggs or 
mate 18 based upon the assumption germs 

I- 
from which all organisms 

that present cbangcs are the meas. , spring are, to outward seemiug, ex- 
llrc of paat change*. w11erca.s Irui rtc~~.ly rtlike. and this likeness persists 
form actlon does not excluclc the through the earlier stages of all the 
possibility of great and sudden revo I. 
lutions. 

, hrgher animals. oven after the form 
On t.lw m-hole. the ~rgn- is trucnablc in the embryo. In 

ment from geological evidence is proof of this Darwin quotes the fol- 
strongly in favor of the lapse of not lowing fromVonBaer. the discoverer 
much less than one hundred million of this remarkable fact :- 
years since the earliest life-forms ap- ’ ‘In my possession are two little 

Fro. 75. -Dog (4 weeks). ,&Ian (4 weekn). 
Magnified about seven diameters. (After Hmkel.) 

a, gill-arche? : b. mid-brnin : c, eye ; d, nose ; c, fore-hcrin , .fi fore-leg ; g. hind-leg. 

peared and the oldest stratified rocks embryos in spirit. whose namea I 
began to be laid down. This is mu& have omitted to attach, and at pres- 
longer than the physicists, reasoning ent I am cluit,e unable to say to what 
front the: origin and age of the sun’s class they belong. 
hit, the rate of the earth’s coolmg, 

They may be 

and other data, are willing t.0 allow. 
lizards, or small blr(ls, or very young 
mammalia. so complete is the simi- 

But, however the question may l)e larity in the motle of formation of 
finally settled, t,he result cannot & the haad rind trnnk in thcsc rtnirn&. 
feet the ovitlencc in support of the The extremlt.ies. however, arc still 
theory of descent.. absent in these embryos. But even 

if they had oxisted in the earliest 

CHAPTER X. 
stngc of thoir development we should 
learn nothing, for the feet of lizards 

: and mammals, the wings and feet of 
PRCOFS OF DERIFATIOX OF SPECIES. birtls. no less than the hands and 

feet of man, all arise from the same 
Tur: evidence supplied by living fnndamental form.‘* 

things in support of their common 1 
In further evi- 

*Ori,pn s!f bApmr.~. 
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dence of this interrelation of living 
things, their embryos, as wo hove 

millions of years, and set before us 
the Illstory of his development from 

seen, epitomize durmg development fish like and reptilian forms, and of 
the series of changes through which his more immediate descent from a 
6he ancestral forms passed in tllelr hairy, talled quadruped. That which 
ascent from the simple to the cum is individual or peculiar to him, the 
plex ; the higher s&etures passing 
through the same stages as the low 
er structures up to the point when 
they are marked off from them, yet 
never hecoming in detail the form 
which they represent for the time 
being. For example, the embryo of 
mlzn has at tie outset gill like slits 
on each side of the ueck hke n, fish, 
these give place to a membrane hko 
that which supersedes gills in t,he 
development of birds and reptiles; 

physical and m&al character in- 
heritcd, is left to the slower develop 
n-ent which follows birth. 

Besides the past hisrory which the 
embryo recapitulates, there are t,he 
rudimentary structures of which rel- 
ics remain tts witnesses to the former 
close connection of oqqaniamfl. htuonf 
these are teeth in fcetal whales, rem- 
nants of hind limbs in certain snakes, 
wings under the wing-cases of in- 
sects that do not ily, rudiments of 

CL, gill-arches : b, 
FIG. 76.-Tortois-. (4 weeks). 

ear ; e, eye, d. acme ; c, fore-brain ;.f, foreleg : g, hind-leg. 

t,he heart, is at first a simple pulsating 
chamber like that in worms; the 
back-bone is prolonged int,o a mov- 
able tail: the great toe is extended 
or opposable, like our thumbs and 
like the toes of apes: the body three 
months before birth is cljveretl all 
over with hair escept on the p;~lnlti 
and soles. At birth the head is rel- 
atively larger and the arms relatively 
longer than in the adult : the nose is 
bridgeless; both features, with 
others which need not be detailed, 
being distinctly ape-like. Thus does 
the egg from which man springs, a 
structure only one hundred and 
twenty-fifth of an inch in size, corn- 
press &to a few weeks the results of 

pointed ears and of a third eyelid in 
man, abortive stamens in plants, as 
in the snapdragon, and so forth. 
Except as evidence of the modifica- 
tion of life-forms, in which they oc- 
cur from other life-forms, and of per- 
sistency of type, these vestiges of or- 
pus arc muaniu~lcss ; the: functions 
they onto discharged have long ceased, 
being exercised only in other and 
allied living things where they are 
found fully developed. 

2 MogiLoko(l!/.--Large groups of 
species, whose habits are widely dif- 
ferent, present certain fundamental 
likenesses of structure. The arms of 
men and apes, the four-legs of quad- 
rupeds, the paddles of whales. the 
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wings of birdn, the breast-fins of merit, both of the life that is and 
fishes. are constructed on the same 1 that was, is that of :I tree with short 
pat&n, but altered to suit, tbeir 1 trunk, indicating common origin of 
several functions. Pu’early all mam- the living from t.be non-living, and 
mals, from the long-necked giraEe to divided into two large trunks repre- 
the short-necked elephant, have seven senting plants and animals respect- 
neck-bones; the eyes of the lamprey ively. From enc.11 of these start large 
are moved by six muscles which car- branches representing classes, the 
respond exactly to the six which work larger branches giving off smaller 
the human eye; all insects and ems- branches represer&rg fnmilios, and 
t,wm.-mnth rind lobster, beetlo and so un with s,,ller w-d sndlcr 
tray-fish-are alike composed of branches represe.nting orders and 
twcnt,y segments; t,he sepals, petals, genera, until we come to leaves as 
stamens, and istils of a flower are represcntina species, the hoi&t of 
all modified r eaves arranged in A the branch from which they are 
spire. Such facts need no comment. 1 hanging in tlicating their place ;n the 

Fra. T.-A. Arm of M n. B, Fore-leg cf Dog. 0, Wing of Bird. 
It. humerus : r, radius; u. ulnn; c, carpus : m, metacarpus : P. uhalanaes : 

3. CZass<ficatio72..-It has been 
shown somewhat in detail that all 
plants fall into two mnin grniqw3. the 
flowerless and the flowering, and that 
all nnimsls may be reduced to three 
types: (1) those without body cnv- 
I$; (2) those with bcdy ctvvlty ; (3) 
those with digestive cavity separate 
from body cavity. And the general 
likenesses of structure upon mhich di- 
vision into sub-kingdoms is based 
baring been. given in the chapters 
on existing life-forms, it here suffices 
to repeat that the old attempts at a 
linear arrangement bare failed, and 
tlrat the only true mode of present- 

growt,h of the great life-tree. 
4. &ccession.--Each formation hm 

it53 pecdiar groups of fossil remains 
representing the life-forms of the 
period; the older t,he 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-yiolding rocks have dis- 
closed the existence of several hither- 
to missing links between species. 
Reference has been made t,o the 
proofs of descent of the one-toed 
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horso of to-day, with his knae cure- animals we must stucly the past Cs 
spending to our wrist or ankle, from well as the present, and learn both 
the five-toed primitive horse found ( from geolo@st and astronomer, the 
in the Eocene beds of Xorth America. one telling us of the shiftings of 
and to the connecting link between land and wntcr, and the other ac- 
birds and reptiles supplied by the counting for 6he great climatal 
arch=opteryx. To these may be changes that have swept over the 
added, among others, t,hc compsog- globe. 
nathus, with its swan-like neck, its Every living thing has its definite 
toothed jaws, and hind limbs on nrea of range: the sloth is peculiar 
which it. walked. Then there art: I,he Lo America: the hirmonotarnus to 
links between pigs and hippopotn- Africa ; the’ chamois1 iol the Alps. 
muses in -ihe anoplotherium ; between The higher we rlimb, the hardit,r 
tapirs, horses, and rhirmnrroses in und m&o stuntod is all vegotation ; 
the palsotherium; between seals and t,ropical plants perish in cold or 

ev& tcmfierato z&es ; ,4rctic plants 
wither under the equator: while a 
va& number of p1aut.s flourish only 
in water, their primeval life-home. 
Smong animals a few, notably man 
uud the cat genus, have spread 
themselves well-nigh everywhere? but. 
as a rule certain life-forms-and t,his 
ldds god of tlloir fcmnil rep-e- 
Hen tatives also --are restricted to 
certain regions. Hence t,he land 
has been divided into life-re@ms 
corresponding to that distribl;tion, 
and the water into life-regions meas- 
ured by the limits of depth at which 
marina forms are found. Speaking- 
broadly, the plants and animals of 
c.ountr’ics in unbroken cotmcction 
resemble OIM nnothcr, while those of 
countries remote or cut off are un- 
like. But alt.hough, at first sight, 
climnte and separation would appear 
to account for t.his, thero are likc- 
nesses ant1 unlikenesses which are 
not t.a be thus explained. In fine, 

Fxn. 78.~Com~nognathus. 

whales ; betmcen sloths and beavers ; 
between lcmurs and man-like nprs : 
xntl in the Dovunian strata forms OC- exceptions meet us at every turn. 
cur which are considered intermedi- Great Britain and Kew %c,aland are 
ate between ga.noitls and mud-fishes. much alike in generul conditions, 
Thus one by one the blanks am lwing yvt the life-forms of New Ze&md, 
filled up; the faith of the biologist is now b&u:: fast supplautcd by aliens. 
justified by his works. are the little-altered survivors of 

5. ~~~utributio7c.-Emerson says plants and animals once dominant 
that . t,hc man of this age must be ovc’r the globe. On the ot,hor hand, 
mat~riculated in the university of sci- its Mr. W&ace tells us, the English- 
ences and tendencies fiowmg from man visiting Japan finds its woods 
all past periods; ’ and certainly if illltl fields tenanted by tho singing 
we would know something of the birds familiar to hrn at home. 
complicated subject of the geogmgh- Tapirs, whose origin in the north- 
ical distribution of plants and western parts of the Old World is 
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in&c&cd by their fossil remaius in 
Miocene beds, are now separated by 
nearly half the globe’s circumference, 
being found only in South America 
and Malacca, while the man-like apes 
are found only in West Africa and 
Borneo. 

But puzzling and seemingly capri- 
cious as is the distributioh of life, 
the general causes are not far to 
seek. 

Distribution is due to the slow but 
ceaseless migration and transport of 
living things rendered nc‘oessrrry hy 
their rate of increase. While climat,e 
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 has hid more influence 
etill, 60 t&t the pnrst rind plus- 
ent habitats of plants and animals 
throw w&ome light, not only on 
changes in the rclat.ioncl of l~~n.ncl rind 
water, but also on the origin of 
species. 

Where unallied forrns arc founcl 
on the same continent we may infer 
that the physical barriers between 
them have been permanent thronyh 
long periods ; where allied forms 
which are unable to cross the seas 
are found in lands now separated, as 
in Britain and J:Lpan, in Snnth 
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 rc- 

or 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 
int.roduced by man, they are found 
destitute of frogs and other batra- 
chians ; also of mammals, bats ex- 
cepted; the explanation being that. 
sea water kills frogs and toads and 
their spawn, and that only flylug 
animals can cross the ocean. For 
this reason bats, at least t,he insect- 
cnting sI>ecies, ere found everywhere, 
except at the poles; and the range 
of birds? although defined, is much 
wider than that of a11 the larger and 
wingless land animals * 

Isolated islands like St. Helena 
are peopled with waifs and st*rays 
from all quarters, while in continen- 
tal islands like our own the life-forms 
are, for the most part, identical with 
those of the neara& mainland. Eut 
here, tigGn. exceptions exist. The 
islands of Bali and Lombok in the 
Malay drchipelago, although only fif- 
teen milrs apart, differ far more from 
each other in their birds and quad- 
rupeds t.ban do England and Japan, 
the birds being extremely udike. t 
As shown by the deep soundings, 
Bali belongs to the Indian region, 
ranal Lombol~ to that ~onc of ‘hving 
fossils,’ the Australian region. Aus- 
tralia contains only the lowest mam- 
mals, as duckbills and kangaroos- 
for there is litt,le doubt that the 

motcness of that union; as, for ex- I (lingo or wild clog was introduced by 
ample. when we find moro ancient, man-witnessing t,o its severance 
t,ypcu in Sew Zealunci t#han in nuti- from Asia millions of years ago dur- 
tmlin, 81~1 more ancient types in, ing the Secondary epoch. It is an 
Australia than in Madagascar. 

Islands afford import.n.nt air1 
1 ancient and little altered fragment., 

in * nresnrvin;; a.9 in n mnseum the t,Fprs 
the st,utlv of the int,ricate problem of 13lants and animals which were I- 
of distriimtion. They are &of two -Z 
kinds, continental and oceanic. The 

* Althonph tbc? diaprmal 01 ia 
instanced in this sum~oar~ uf facts of cliatrihntion. 

continental, as the British Isles, It should hc added that hr more Hrikinp. if Irxs 

Japan, ancient Madagascar with its 
obvious. evidcnc~e coald be cited from the diayawbl 
of inserw Their a-eat nowuers of flicht. and their 

lemurs, and New Ze; 
^..A_^_,. I:_ 
. ..__ -___ -...--. 

wingless birds and Hatteria lizard, ~~~~~~~~%, i 
have been broken off from the main- RIHXW. mhi 
land. The oceanic. as the hzores ~$~~$v~jd&~ss 
and Sandwich Islands, arc of volcanic i t Ibid., 1,. 4. 

/ 

aland with its I rlllciulo Ilghtnesd,‘csus’e them to dk &annportcd 
~~~~wIwx~~ Aikmces bg the wind: their eggs rind 

n the bark or crevices of logs, 
worn these as they float to far-off 

le their immense antiquity largely ex- 
ovcz which they range. Cf. 
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then clominant on the great shifting Bay of Snn 131~3, in the Pacific, the 
land areas, and from which th; aix was thick with butter&es-it 
higher forms have been developed. snowed them. as the sailors said. 

Oceanic islands, with their popu-. But the most remarkable instance 
lation of birds, flying insects, and a cited in his Journal is the arrival 
few creeping things, are the refuge I of a grasshopper when the ship was 
spots of castaways. Strange are tLo three hundred and sevcnt.y miles 
ways and means of dispersal. Winds ’ from the coast of Africa. Birds are 
waft the light seeds of plnnt,s to / important agents in plant distribu- 
great distances : currents drift to tion, transporting seeds embedded 
far-off shores icebergs laden with in dirt ntickiq Lo Lb& feet or Leaks, 

1 or tho barbed seeds of certain plants, 
as the hook-like spikes of the curi- 
OIIQ Iiuciniu. wllich clina t.o t.hnir 
f&thdrs, or ‘the undiged& seeds 
end stones of fruits which are 
passed through their bodies. A 
swift-winged bird may drop cherry- 
stones a thousand miles from the 
tree they grow on; a hawk, in tear- 
ing lb &&u, maby scatter from its 
crop the still fresh rice it had swal- 
lowed at a distance of ten degrees 
of latitude. Among t,hn rnnny RII~- 
gestive experiments which Darwm 
made in this matter, he cites the 
cast 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 years, hut when broken, 
watered, &cl I,laced under a bell- 
glttss, no less than eighty-two sepa 
yate plmtn of n.hnnt. five distinct 

Very important also, although 
more remote in its ultimate results, 
is the Ilgency of man, especially of 
civilized -races, in the distribution 
of life. Both with and without in- 
lur~l 1112 dislrilrltes rind desrrops, 
as his needs or caprices demand. 
Clleadng for&. draining Iilko and 
l-l”& roclniming lnntl fwbm sea, 01 
uniting ocean with ocean. he dis- 
turbs, or mingles, or kills their life- 
forms. He imports strimgc plants 

FIG. T 79.-Din~a~an;kphuntqw. Nea 

eartdl and seeds, or masses of float 
ing vegetation, sometimes so matte; I 
with soil as to form island rafts 
with trees upstanding, and carrying rind noxious insects in his merc.han- 
with them not only numbers of disc; the sheep-walks of the antip- 
grubs and eggs of insects, but even odes are cursed with the fecund 
large animals. Darwin found bee- rabbit, and their river beds choked 
tles swimming in t,he open ocean with our water-cress; while the 
seventeen miles from land; nnrl one European rat has left our shores as 

evenin:: when ten miles from the a stowaway to oust the native rat 

spe&s sprang from it. 
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wherever it goes, aa the white man i and clot,hing, from wild species, lus 
ousts the colored man. But man cious f ram sour and dwarfed varieties, 
blesses as well as curses; he trans- , and developed domestic animals, the 
ports the healing cinchona plant from dog probably earliest of all, from the 
Peru to India, or the salmon ova, fierce beasts: of the forest and the 
from our native streams to the rivers ! field. 
of Australia; and to him is clue the I Enough has been cited to show 
reintroduction of t.he horse into that no preordained scheme of fitness 
America. which had been extinct for their several habitats has ulaced 
there long before the arrival of plants and animals where th& are 
t3olumbus. ‘The hvrbuv aicccts of a found. Remetnbering what has been 
botanist may uccidcntly sow seed I said about the probable polar origin 
from the foot of the Himalayas, on 
the plains that skirt the Alps ; and 

of life, we are prepared to find that 
so far as most of the higher forms 

it is a fact of very familiar observa- are concerned, our best authorities, 
tion, that exotics, transpianted to with Mr. Wallace at their head, in- 
foreign climates suited to their 
growth, often escape from the flower- 

rline to the theory of their develop- 
ment in the Euro-Asiatic continent 

garden and naturalize themselves when the temperature was compara- 
among the spontaneous vegetation tively warm from the pole to t,he 
of the pastures. When the cases I’ 
containing the artistic treasures of 

antipodes. The wave of migration 
rolled over the Old World far south 

Thorwnldsen were opened in the I by routes now long submerged, and 
court of the mnnenm at Copenhagen into tlm New World, whel-e other 
where they are deposited, the straw 
and grass employed in packing them 

life-forms appear to have been de- 
_ _ veloped, by a-northerly route. One _ _ 

were scattered upon the groumt, and among several proofs of the existence 
the next season there sprang up of an old land connection beween 
from the seeds no less than twenty- North America and Europe is sup- 
five species of plants belonging to plied by the musk-sheep (or musk-ox), 
the Roman Campagna, some of which which flourished ages ago in Eurasia, 
were preserved and cultivated as a and is now confined to Greenland. 
new tribute to the memory of the And it is interesting to note that 
great ScnndinnviRn nculpt.or, anil at the pnth taken by eorne birds in 
least four ‘are said to have spoa- their migrations give further clue to 
taueously naturalized themselves other ancient, land connections.* 
about Copenhagen.‘* Incapable as they are of crossing teh.hn 

It surprises one to learn how many wide oceans, we 6nd them migrating 
of our familiar flowers are foreigners, between Europe and Africa by way 
which happy chance or wise intent of Greece, Malta, and Gibraltar? t,he 
have acclimatized. The daisy and three points at which the two con- 
the violet are natives but not the la- tinents were formerly united. 
burnum and jasmine, nor 

They 
follow instinctively the route which 

Sweet William with hi# homely mttwe amelI. _--.. -.-__-. - 
Aurl xtocks in fragrant blow. * ,.4 bird may trnrel front England to theequator 

a-ithout lvunchmg out and exposingitaelf to bound. 
While needless destruction llUS 1~s 6~: ana that by croasing:~~~~~, 

often followed in the wake of man, ( ~:,“,~~~,,$~~~ti”rS 
as he kills out of sheer wantonness, I *’ Ranged in figure wedge their way. 

or seeks profit by gratifying the i and set forth 
bheir airy CB~~VILII digh over ~e&( 

cruel freaks of fashion, his enterprise I FITin& and over lands with mutual wings 
Easing their flight ‘-(Xillrm), 

and heeds have, on the other hand, ) but scout and hurry along 111 little detached parties 
rid the earth of harmful and baneful of six or wren, and sweeping low. just over the 

I surface of the laud and water direct their CDUPBB 
plants and animals. produced food / to th e oppostte ooutinent at the narrowest passage 

they ran tiud.‘-White’s Se&vnu, letter ix., to the 
* Yarsh’N Mzn and Nature. D. 0. 1 Hon. Dairies Burington. 



of cjescont with modification throngi 
variation and natural selection I do 
not deny. I have endeavored to 
give them their Ml forre ‘* Tfie 
sixth, seventh. and tenth chapters of 
the ‘Orixin of Species’ are proof of 
this. Darwin shirked no difficulty, 
ancl in layiug stress upon whatever 
told a+nst his theory he made its 
foimdations more sure. One great., 
h7t 17ndnly overrated, tiLurrlblillfi- 
block--the absence of intermediate 
forms in the fossil-yielding rocks-- 
11~3 been removed l.ry the difwc~veyy 
of many more connecting links 111 
the long chain of life than co17ld bc 
expected when we take into account 
the small minority of ancient forms 
which 17ave escaped the 11avoc of the 
p&, and when we remember how 
much smaller are the chances in 
Savor of the preservation of t,he more 
fragile, rare. and nnstable transit,ion- 
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tlteir ancestors have taken fur couut- it1 Iorml~ ~lmu uf Ihe Bpecies which 
less seitsonfl. they connect. 

Widespread as is t,he distribution ! Another leading objection, drawn 
of the races of mankind, they are from the barrenness of hybrids*- 
probably of common origin. 911 of as e.g., of the mule-loses much of 
them b&g fertile with one another, its force in view of the numero17s 
they are to be classed as varieties of examples to the contrary, bot,h in 
one species, whose physical and plants and animals, as amongst gen- 
rnental differentiations from their era of the thistle and of the labnr- 
nearest congoner& the highest apes, num, and as in the cases of fr77itfnl 
had been acquired t&ore their &- hybrids UP &ccp und q3iln in Chili, 
pe.rsion. The modifications which and of hares and rabbits in Fra7lce.t 
exist8 have been developed through But, as against natural selection, 
the potent agency of nntunll &cl the rotd ditticulty lies in thn int,w- 
sexunl selec,tion acting npon vari- breeding of species dcvelopecl by 
ations induced by diverse conditions selective breeding from a common 
-conditions which have surro77nded stock. For example, the different 
man in virtue of his migrat.ious from species of pigeons have been devel- 
pole to pole, and which have called aped from the wild rock-pigeon, and 
his industry and resource into full these are fertile with one another, 
play. Perllapx the mosL alrikiug il- 1 whirl1 wuulcl we~u to tell in fzwur of 
lustration throughout history of the, the fixity of species, unless the car- 
rapid rise of a variety is snpplied by rier, pouter, and tumbler are, after 
the An+Americ~n race, the vigor ! all, to be rerxrded only 11x va.riet,ieR 
of which may be primarily dne to / or subdivisions of species. The 
the blending of many bloods, pre- tnatter. however. is too abstruse for 
Celtic, Celt,ic, Saxon, No7,man, and the?e lyages, and, moreover, it has no 
Dane, in its British ancestry. weight ~8 against the theory of de- 

bTllut many ant1 serious objections 1 rivation. We know very little as to 
mav be advanced against the theory ’ the complex conditions ruling fertil- 

ity and- barrenness; we know t,hat 
the reproductive organs are perauliar- 
ly sensitive tu altered habits and 
Rllrroun&rlp ; and WC. knnm-, fnl.t.hw, 
that it is tl;rough changes in those 
organs that the barriers to. inter- 
l&ling have arisen, and the con- 
seonent multinlicat.ion of conntless 
int&medinto vlnrictie* been arrested. 
Happily, the Darwinian theory haa 
IIO P;tl.d ulcu~t3nL vf rigitlncnn m it, 
and those who wo17ld mu17ld it into 
II dogma. know not wlmt spirit they 
m’e of It druitrJ of nltrrntinnn in 
detail at the behest of fresh facts, 
and of such correction of proportion 
as time alone gives to things new 
and near. Bnt the tr17th of the 
theory of which it is a s17bordinato 
ptlrt *ill thereby stand out the clear- 
er, ant1 the full accord of past and 
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present to tile onenew of tldnga np- ject. Cut R nerve, and the evidence 
pear more manifest. , 

I 
;f paralysis, or of insensibility, is 
the same in the two caso3; apply 
preREture to the brain, or administer 
& narcot,ic, and tllu signs of intelli- 
gence disappear in the one as in the 
other. Whatever rc:~son we have for 
believing that the changes which 
take place in tho normal &rebraI sub- 
&ance of man give rise to StiltW of 
w~x4uusw2Hk3, the same reason exists 
for the belief that the modes of mo- 
tion of the cerebral substance of an 
R.I)P> or of a dog, product like ef- 
fects.‘* 

CHAPTER XI. I 

SOCIAL EYOLUTION. 

1. .&~&~tio~ qf Ni&.-If the 
theory of evolution 1~ not nniveraal, 
the germs of decay are in it. And 
here we yas~ from what is interesting 
to what is of serious import for us, 
because if the phenomena of mind 
are not capable of the like mechani- 
cul explanation as the phenomena of 
durs rtud planets, and of vegetable 
and animal life. evolution rkmaina 
only a speculati& to fascinate tile 
cmrions. It cz~n, in t&t ca60. fizmis~ 
no rule of life or motive to conduct, 
and man, ’ t,lle roof and crown of 
things? would be the sole witness 
ardinst their unitv arid totalit,v. If 
there be in hitn a<y faculty w&h is 
no pnrt of the contenta of the uni- 
verse, if there be anything done by 
him which lies outside the range of 
causation? then the doctrine of the 
Conservation of Energy falls to 
pieces, for man has the power to add 
to that which the physicist detnon- 
strates can neither be ;noreased noI 
lessened. 

The ground already covered need 
not be retrodclen to show that man 
is wnc i l l uliimate beginnings, anti in 
the stuff of which he is made, with 
the meanest flower that blows, and 
t,hnt, in anode of clevolopment from 
t#he egg to the ndult state there is 
exact likeness between him and other 
mammals. But some repetition of 
the process of mental development 
from the lowest life-forms to the 
highest is needful. 

Let us begin, howevq at the bot- 
tom of the life-s?ale. The 1oweHt 
things, 1)eir.g organles~, or alike all 
over, respond to touch, ‘ tbe mot,her- 
tongue of all the sense’s,’ in every 
part, simply changing their shape 
from moment to moment,. A step 
higher me find forma in which un- 
likpnenses in parts lq+ to Bllow 
themselves--e. 8. in the formation of 
a 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 rifle to changes in 
the structure of the organism, driving 
the mol~ules out of their plnoos, and, 
following in incredibly rapid suc- 
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 eye of a man, all the 
wondrous nelwork of nerves and the 
brain itself, have thus originated. 
Pruct,icc makes perfect; and, a~ the 
re!nnlt, of their incesg*nt rep&ition, 
the lowest and simplest nerve-ac- 
tions, known as ~q%r, take place 
automatically in plants and animals. 
8uch are the contractions of an 
umceba or of t.he leaves of a mi- 

‘8trrWture for structure, remarks 
Professor Huxley, ; down to the min. 
utest microscopical details, the eye? ( moss, the shutting up of an oyster 
the ear, the olfactory or’gans, the: when the shell is touched, breathing, 
nerves, the spinal cord, the brain of ! the action of tbc heart, winking of 
an ape, or of a dog, correspond wit.11 ! the eyes--in short, all actions which 
the same organs in the human NJ,- 1 - * Englixh .1/m oj‘leffers. IIumc. 1’. 10% 



110 THE STORY OF CREATION. 

al-e performed unconsciously, and 
sepeated in virtue of the tendency to 
do them being innate in the strut 
ture which each organism inherits 
from its ancestors. Besides these 
natural reflex actions, there is a 
group of artificial reflex actions which 
our higher intelligence enables us to 
acquire, as the arts of reading, play- 
ing instruments, &c. 

As every one knows it t&es a sol- 
dier a long time to learn his drill- 
for instance to put himself into the 
r~.t,t,it.ntle of ‘ attention ’ at the instant 
the word of command is heard; 
but after a time the sound of the 
word gives rise to the act, whether 
the soldier be thinking of it or not. 
There is a story, which is credible 
enough though it may not be true, 
of a practical joker, who, seeing a 
discharged veteran carrying home hi@ 
dinner, suddenly called out ‘ Atten- 
Con !’ 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 nervous system possesses, of 
organizing conscious actions into 

insect. fish, bird, and man have 
severally sprung.* Touching on 
larger matters for a moment, even 
t,he so-called necessary truths and 
innate ideas of the mind, as of time 
und space, take their place among 
transmitted experiences. ‘ Being,’ 
as Herbert Spencer says, ‘the con- 
stant and intlnitely repeated ele- 
ments of thought, they must become 
the rurtomutio elements of thought, 
of which it is impossible to get rid.’ 

More than a century ago Gilbert 
White remarked that ‘the maxim 
that defines instinct to be that 
secret influence by which every 
species is compelled naturally to 
pursue at ali times the same way or 
track without any teaching or ex- 
ample, must be taken in a qualified 
sense, for there are inatancceia which 
instinct itoes vary and comform to 
t,he circumstances of place and con- 
venicnce.‘t Herein that delightful 
observer, perhaps without suspect 
ing what he was conceding to the 
brute, indicates where instinct pass- 
es into KMLWTL For the main dif- 
ference between t,he 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 -. more or less unconscions, or reflex. I the conscious adjustment of means 

operations.* to ends-select,ion as the result of 
lijstilrct is a higher form of reflex reflection. In the one there is no 

action. The salmon migrates from pause, in the other there is a measu- 
sea to river; the bird makes its nest rable mterval; the stimuli to action 
or migrates from one zone to another are more complex and less rapid, 
by an unvarying route, even leaving giving time for t,hat perception of 
its young behind to perish; the bee likenesses and unlikcncsscs in things 
builds its six-sided cell; the spider which is essential to rational action. 
spins its web; the chick breaks its This is manifested by all animals ex 
way throngh the shell, balances it cept the lowest, which, however, 
self, and picks up grains of corn; form the vast majority. The latter 
the new-born babe sucks its mother’s I start fully equipped for their func- 
breast-all in virtue of likeacts on the - 
part, of their ancestors, which, aris *An interesting illustration of this ~88 mpplied 

hy B St. Bernard drip brlonging to a re.lntiw. The ing in the needs of the creature, and dog W~S bortl irl ILUUIOU. SUM taken into the COW- 
gradually becoming automatic, have tq when a puppy. Aftera IPW months 3r eharl, fall 

not varied during long ages, the 
of mow hspjwned, and ‘.I&’ who had never men 
mow beforr. WBR frantic to get outdoors. When 

tendency,to repeat them being trans. she -U&R sot free. shr rolled in thr HIIOW, hit it, and d ng it up with her claw w if rwcning mane buried 
travrilw. The eauw exritelneot WY&~ shown when- mitt.4 wrthin the germ from which ever 8no~ frll -_ 

* Huxley’s h’lemmtary Wystilogy, p. 306. tL&ter lvi., to Hon. llainm Barrington. 
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iions: their s&ions STB rcflox and i man npeciel), though far less than 
unvarying from birth to death. But ; that of any other animal, is still enor- 
in the higher animals the same men- , mous. It is computed that mnre 
tal processes are apparent as in man. than seven hundred million human 
There is not a faculty of the hnn~n beings ure every ccntmy ponndecl 
mincl which is not possessed in lc’ss 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 I have to be added the vast number 
larger degree, as In the showing, that die in early childhood, ant1 the 
forth of a&ction and devot.ion that wholesale destruction of communities 
pts ~n:m’s firlfishness to ahurua. 
Where some of the highest animals 
approac4 him, although Zo~f~r~ i~fpl*- 
2)1X110, is in their passage through 
a period of helpless infancy, because 
the brain and connecting apparatus 
are not complete at birth; and in 
this lies tile ea&nation of t,hc 
capacity for receiving instruction - 

bv mars, pe&ilenccs, famines, and 
ci~taetrophes. In various wavs nntu- 
ral selection wectls out the l&st fit; 
and dthcm(gh nndor nivilizccl condi- 
tions the wcnk and &cased are 
coddled and even permitted to 
multipy their kind, this check is too 
local to affect the larger result, 
while that which the race might gain 

and for proJitmg by experlcnce, ! in physique by its removal is not to 
which reaches it,s fullest development 1 be compared to the loss that would 
in man. And it is because the 1 ensue from the repression of mercy 
knowledge that is gained, and the and sympathy. In a barbaric sock- 
habits that are acquired, in early life 1 et-y, rn. :among the civilizntions wl~re 
abicle with us, determming character, 1 infanticide were practised. weaklinga 
that the importance to ourselves and like Newton and hunchbacks like 
to others of learning what is tlrue, Pope would have been left to perish: 
and of cultivating what is good. is 1 modern civilization spares them, and 
paramount. Vast, therefore, as are 1 humanity is enriched by their gen- 
the di&rences between the highest ius. 
and lowest mental actions, there is When the weeding process has 
no break in the series which, starting ) done its utmost. there remains a .., 
with the reflex movements of an 
amceba or of a carnivorous plant. 
advances along the line of animal 
instinct and intelligence, and ends 
with the complex movements of the 
brain of civilized man, with its infinite 
modes of response to infinite stimuli. 

2. Ecdution qf &ez,e(s/.-Like 
every other species, mfln multiplier, 
beyond the means of snhsistcnce. 
Clvllized races arc more prolific than 
savage., races. Under prosperous 
conilibons they double their numbers 
in a quarter of a century. a rate a.t 
which the present population of the 
United States alone would in six hnn. 
dred and fift.y years cover the tcr- 
raqueous globe so thickly that four 
individuals would have to stand on 
each square yard of surface.* Con 
sequently the mortality of the hu- -- 

* Lkxenl of *an. 

sharp struggle for life between the 
survivol*fi. Xnn’n 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 
because of their relative inferiority in 
physique t,o manv other animals. ‘The 
range 0f l&l u&y continued narrow 
long after he had gAined lordship over 
the brute; outside the small combi- 
rlationn for secwring the primal needs 
of Iife the struggle was ferocious, 
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 its 
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 war uf amups ur 1udm1~. ’ Uf the ticula illI? guided tLll~U~L t91i- 
the ultimate appeal is to force of clusivel?, and those which stand 
brain or muscle, and the hardiest higher In thu scnlo nro largely guided 
or craftiest win. In some respects by special instincts in the ald which 
the struggle is waged more fiercely they give to the members of the 
than in olden times, while it is un- / same cbommunity : but they are like- 
redeemed by any element of chivalry. wise in p:irt impelled by mutual love 

Moreover, the greater strength of and sympathy, assisted apparently 
man’s emotions, and the persistent by some amount of rejlson.‘* In the 
craving for excitement, acting upon degree that animals are social we 
his irlheriled ~>~vaga inslincla, 111tve filld them higher irl the scale, as 
made that struggle more terrible in ants, bees, and wasps among insects; 
his case than any that rages between j and amonv domestic animals, dogs, 
the lower z&m&. These &At for ’ ~vl~ose xv& snccdors hunted in 

C I  

food and mates, not for Lhe mere 
love of fighting. No brute ever tor- 
tured its kind or gloated over the 
agonies of its prey as man has tor- 
turcd in fiendish glee the victims of 
his revenge, intolerance, and hate. 
TIW iL iB Lhut pact: ban been wrumg 
from pain’; that war is a nation- 
builder ; that slavery and supersti- 
tion hsxve hen rLgpnt.n of p7'0gww4, 
wllerct~y the many, through the sac- 
rifice oi’ the few, have gained frce- 
clam, unity, and larger life; 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; 
thnt ill the ~onf3ir.t~ ldwen~~ trihnn, 
pat.riotism, morals, and the hardy 
virtues hnve been evolved: but when 
we count the cost, all this wrould af- 
ford small content did we not have 
faith that the slow-footed years arc 
bringing us ncxrer to t,he goal where 
InigllL ahilll IJC: b~hhxl by light, and 
where injustice and selfishness shall 
be swallowccl up by goodness. be- 
ctmse this shall l~nvo becnrnc spn- 
taneous to man. 

The social instincts to which his 
progress is due are without doubt 
inherited from his pre-human nnces- 
to1-s. ‘There is,’ wrote Gilbert 
White in 1775, ‘a wonderful spirit 
of sociality in the brute creation. 
independent of sexuzll attnchmeut ; ’ 
and Darwin remarks that ‘the social 
animals which stand at the bottom 

packs, as compared with cats, which 
inherit the solitary and wandering 
habits of their wild ancest.ors. 

We do not know Wlli%t the earliest 
social unions among mankind were 
like. Probably there were uo family 
arrangementn 1t8 we understand the 
term. ht only various kinds of re- 
lations, more or less fugitive, bc- 
t.we~ll g”011ps of lUc’71 rmncl W0mon.t 
The detds, howercr. do not affect 
t,he general fact of social intercourse, 
in which community of interest was 
the binding force. Impetus was 
given to more personal and pcrma- 
nent relationships 11-y the longer 
period of infancy in man as com- 
pared with the same period in the 
man-like apes, in whom, again, it 
is muoh lcmger thorn in the lower 
n1cwkeys.J For as the maternal 
instinct ‘sublimes the passions, 
quickens the invention, aud sharpens 
the sagacity of the brute creation.‘$ 
so this period of helplessness would 
draw parent and child closer to- 
gether, evolving love ant1 sympathy, 
and developing those cntluCn~ and 
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exalting relations of the family wllich End, would have been its the WO:LY- 
widened into tribal life. Struggles ing of a rope of sand. *Nature,’ 
against common foes brought the says Lucretius (r. 1028,9), ‘impelled 
bravest to the front as leaders, tur- them to utter various sounds of the 
bulent elements within involved the tongue, and use struck out the 
rule of the ablest, disputes called for names of things.’ 
the settlement of the wisest; and Words themselves reveal under 
thus the rough foundations of law analysis the history of their origin 
and order were laid. As the wants 1 from a few situple root-sounds. nhich 
and capacities of the ever-increasing 
cominimity multipliecl, flu2 work ilol~c: 
by each one under rude conditions 
wxu divided among the many: hence 
specialization of the people into 
classes, with all the comp!ox duties 
of modern societies. 

Cnrlyle says that the great man 
shapes t& age; Herbert Spencer 
says that the age shapes the great 
man. The truth lies in the mean: 
the great man is the prochzot of 
past tcndencics and present coudi- 
tious, and he is groat or genius in 
virtue of thcso operating in him 

wore instinctive cries or imitations 
nf YL~~OW=J natural m&en very largely 
aided at the outset by signs and ges- 
tures. To this day, gesture lan- 
allagc is the solo mode of communi- 
cation bet-wcen certain wanderiug 
tribes of America Indians ; and there 
are other tribes whose stock of 
sound-signs is so limited that they 
cannot untlcrstand each ot.her in the 
dark. We can never know what the 
first somId-signs were lihe, biit their 
choice and currency obviously de- 
pended on the success with which 
tlley conveyed the meaning of thosn 

in higher degree; nence he acts ‘who inrciitetl them-a principle of 
upon t,he masses and moulds societ#y ! course, applicable to every stage of 
for good or evil. / lan.nguagr, from the simple names of 

3. Erdutiort, qf 3Lmpa~e, the ‘objects with which it began to the 
T,:s<fUl Arts, cmd A"&ncc.- Man is ! ultimate transfer of those names to 

markedly sepnrntc from the highest tll)stract ideas. For all abstract 
brute? not only by his brain-power terms have a concrete origin. The 
and his erect attitude, with its fret! words just used evidence this; <lb- 
command over tho hands, but :~lso ntract II caning ‘dragged atvay,’ and 
1)~ language. Not that the btlumb’ W?LCW~~ ‘grown to@hev ’ &en the 
ammals, as they are called, arc all verb to k is madc up of ‘the relics 
voiceless. many of them having no of several verbs mltich once had R 
small or inesact gamut of sounds by distinct physical significance. Be 
which to e~p1-c~ lheir thoughts and contained the idea of ~Lbgrowing”; c/r??, 
emotions. But although the love- cut. l’s, and UPC, that of “sitting:” 
calls of birds and tlx danger-cries ?ons and ~erc, that of “dwelling,” 
of bsast,R may Iw not more unintelli- 1 a akdinf.” ‘* Clert,&l it in Lhilt from 
gible to us than the language of mimetic sounds, with their boundless 
sav:~ges like the Fucgian& <vhich rwiety of modulation, t,here have 
Captain Cook compared to a man been dcvelopcd not, nrwr~y t.he nc:mty 
clearing his throat, the distinction ! and shiftin g speech of the lower races, 
abides that language, as the plastic I jut the wontlrously rich, copious. 
symbol of ideas of unlimited range and ever-growing 1anguaKes of civil- 
:tnd complexity, marks the impassn- ized races, the sound-carriers not 
ble gulf between the mental capacity only of man’s common wants, but of 
of man and every other animal. Its : the lofty conceptions which arc en- 
origiu Iies in hii need to communi- shrined in prose aud poetry, and 
cate with his fcIlows; and but for without which, now made the com- 
it all attempts after social union es- -__ - -- - -~- -.__ 

* Proflmxm w. I). Whitney’s L-Cl. ml Lalquage, p, cept of the lowest and most fleeting 115. 
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mon intellectual 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, horn 
nouns and verbs to the elaboration 
of families of words and of parts of 
speech, with their subtile shades of 
meaning whereby no thonght re- 
mains unexpressed. Thus does it 
prove itself one of the many instru- 
ments which the skill of rnr~~ has 
perfected from raw materials as his 
social needs have impelled him and 
RR his intelligencw has increased. 

And the like adaptation of means to 
ends applies to the development of the 
useful a?ts, as well as of those arts in 
which the head is more concerned 
than the hand. The primal needs of 
&thing andshelter, 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 field, 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 bearer traces of 

ments from the blast of his horn; 
‘the blowing into hollow stalks 
from the whistling of the zephyr 
through the hollows of reeds ; melody 
and dance from the rude, impas- 
sioned chant of the savage, time- 
marked by yell and tamtam; arith- 
metic from primitive preception of 
more or less; counting and measur- 
ing, as shown in our words, cubit, 
ell,* foot, hand, digit, span, fathom, 
and in cognate terms of other lan- 
guages, from using the fingers, toes, 
and other par&t of the body i geome- 
try, or Zalz~measuring, from early 
perceptions of space; all science 
from crude and false guesses about 
the nature and causea of thinks, 
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. Evolutiolz of Nor&a.-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 

its development from simpler forms; common interests which compel to 
the spear and kmfe-blade from the combination involve praise or blame 
sharp-edged flint flake, the xaw from ’ of the acts of each individual in the 
the jagged-edged flake; the match. degree that they aid or hinder the 
lock from the crossbow ; the warrior’s well-being of all-in other words, 
armor from the scaly hide of beasts ; add to their pleasure or their pain; 
the plough from the stag’s antlers or and this praise and blame constitute 
the tree branch: the ml11 from the moral code the collective or 
pounding stones; the ship from the tribal conscience. Society, like the 
scooped-out trunk: the oar from the units of which it is modo up, has to 
hands or feet as primitive paddIes; fight for its life, and all primitive 
the house from the sun-bake.d clay laws are laws of self-preservation. 
hut, or, as in China, from the Tartar Tribal self-preservation is based on 
tent; the pyramid from the earth sympathy between the several mem- 
mound or cairn: all art from imita- *Some confusion of me~snrc~ of length having 
tion-the alphabet from picture- orcured in the reign of Ilcnrg l., he eomuanded 

writing ; sculpture and painting from 
that the ancient rll &at. uinn). which corresponds 
to Our Iard shoIIid hn III&Z Of the rtxwt I~U@I oe 

rude scratching on bone and horn; his own mm. The epan. wbidh is nint! inrhw XI 

stringed in&n&e& from the twang 
thn rapam from the md ot the thnmb to the end of 
the little finqcr when extended. or the eighth of & 

of the hunter’s bow; wind ins&- fathom (A. R. jmLhm, the hosoml. the space to which 
R mm*8 arms cm ordinarily be extended. 
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bera, and it is therefore the ultimate the atage which commits or avoids 
form&&ion of the moral sense; certain acts according a.s they are 
whatever is helpful t,o it is right, remembered as pleasurable or pain- 
whatever is a hindrance to it is ful to the cre&ure itself. 
7orong. Although union involves Special value would be set by the 
limitation und restraint, so that the tribe uponbreve tmd unselfish deeds 
units can ,no longer do exactly as as contributing to the c,ommon weal ; 
they like, self-interest comes into praise and honor would reward the 
play. since a mltu best insured re- doer, encoumging thst love of the 
spect for his OWII rights by re- tribe in whic.h lay the germ of love 
8pec.ting the rights of others. Soci- of country. For he who is not n 
cty is not possible where u man is good citizen cannot be a true pa. 
not true to his fellow: there is, RS triot. and he who holds not his fa- 
the phrase gooo, honor smong tha&& dear can never become t-4 
thieves, probably even among sav- well-wisher to mankind. The con- 
ages as low as the Jolits of the Gam- ceptious which these larger interests 
bia, every one of whom does ILR he involve are, however, of vary slow 
likes, the most successful thief being growth; for a long time the feeling 
the grestest man. In that model of of rightness and wrongness was. lim-- 
sound and clear reasoning, so re- ited to acts harmful or helpful to the 
freshing a contrast to the tedious tribe ; in fact, that which was a crime 
word-mongering of most writers on within its borders became a virtue, 
ethics, the chapter on the growth of and even a duty, outside them. What 
the morn1 WIIRO in the L Deecent of Caesar auylr of the ancient EMmans 
Man,‘* Darwin points out how man’s ----‘Robberies beyond the bounds d 
instinctive F;ympathy would lead him each community have no infamy, but 
to value highly the rtpproval of his are commended RS a means of exer- 
fellows, and how his actions would cising youth and lessening sloth’*- 
be determint;d in a high degree by still applies to barbaric peoples, and 
their expressed wishes ; unfortunate has its survival in the slowly decay- 
ly, often by his own selfish desires. ing prejudices of civilized nations. 
But while the lower instincts, as Morals are relative, not absolute; 
hunger, pasion, nnd thirst for ven- there is no fixed standard of right 
geam-%, are strong, they are not RO and wrong by which the actions of 
enduring or satisfying ns the higher all men throughout all time are 
feelings which crave for society and measured. The moral code ndvances 
sympathy. And the yielding to the with the propees of the ram; con- 
lower, however grntifying for the science is a growth. That which so- 
moment, would be followed by the ciety in rude stages of culture ap- 
feeling of regret thut he had thus proves, it condemns at later and 
@en w&y, and by resolve to act dif- more refined stages, although such 
ferently for the future. Thus st last is the power of custom in investing 
man comes to feel, through acquired the antique with sanctity, such the 
nncl perhaps inherit&l habit. that it persistence of mthority, and so deep 
is best for him to obey his more its interest against change, that 
persistent impulses. It is this self- moral qualities are grnfted upon acts 
uccusing feeling of remorse (literally apart from any question of their 
afterbite), due to power of reflection bearing upon character. Such, for 
on actions and motives, that makes example, are the prohibitions against 
the difference so profound between certain foods and the commands to 
man and the lower animals, whose keep certain days sacred; such also 
moral sense does not advance beyond the tyranny of caste, as among the 

*Chap. IV pusah; and cf. Clifford’s Lcdured and 
Bhsttias of India, who regard din- 

Eswya, il. pp IW-17ti. Coma., bk. vi. up. 23. 
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ing at an hotel as a greater sin than the barriers of prejudice between the 
mnrder. Among the Nohammedun classes of oath nation and between 
sec,t of the Wahhabees murder and nations themselves, bringinghome the 
adultery are venial offences corn- i force of the It&an proverb, ‘T&to 
pared to the smoking of tobacco 111 mondo & paese’-‘all the world is 
Among many savage peoples it is one country ’ This larger view ex- 
worse to marry a girl within t.hc (tends tne range of human sympathy 
tribe than to murder one of another and of the service of m:m to his fel- 
tribe. Among ourselves society con lows. as well as to the lower animals, 
doncs a seduction, but not a m& which thut sympathy inspires Ter- 
dliU)KtZ, and forgives an offeuce rible are the ills which the misuse of 
against etiquette le& really than an 
n&t of dishonor 

Although tending of late to unwise 
laxity towards oRenccs for which 
death is the rightful penalty, the 
&.erntions in cri&nfJ codes witncm3 
to progress in morals and humane- 
ness, and to the recognition of crime 
as more or less of the nature of dis- 
ease. We need not go back to the 
time when laws plmishing heresy and 

knowIedge in the hands of the selfish 
and the ruffiai2 inilicts, but these are 
as dust 111 the balance agamst the 
good which has been wrote-ght. The 
conduct of a nation is no longer reg 
ulated solely by its own intereats 
without, regard t.o what is due to 
otllers, neither does it draw its sane 
tion from the tribal legislation of a 
Iyarbaric past, but from what, after 
ages of dearly bought experience, has 

witchcraft were in force, since with- proved itself to be best for man. In 
in the present century people were this, as m aught 01s~ which endures, 
burned to death for coining false, nothine is ;i,rrid or final. Man’s 
money, hanged for stealing‘aa few 
shillings’ worth of goods, and im- 

capaciry can n&er overtake his loft- 
iest ideals, in their conception 1s the 

prisoned for paltry debts, death be- spur to their pursuit. What dead 
ing often the only bringer of release. 
Among the sights of London were 

weight of care do morals, thus re- 
garded, hft from the heart of man! 

the procession of condemned crimi- what new energy IS given to his 
nals to Tyburn every six weeks, and efforts! Thought becomes fixed on 
the auctions of negroos at the Poul- the evolution of goodness instead of 
try Compter. These and a hundred on the orlgm of evil ; time is set free 
other barbarities went on without from useless speculation for pro&- 
protest from the humane, whether bla action ; evils once deemed inhor- 
Christians or non-Chiatians, for the ent in the nature of things, and 
collective conscience did not ques- therefore irremovable, are accountNed 
tion their rightness, and their abo- for nnd shown to be within our pow- 
lition w:1s ultimately due to the er to ext.irpate. 
cffort.s of inditiduals .in whom a For ia proving the unvarying rc- 
higher sense of human rights and lat,ion between cause and effect in 
duties TV~S aroused, and through morals as in physics, science gives 
whom t,he general moral tone w%s the clue to the remedy f&jr moral ills. 
advanced That heightened tone, ! RIoreovor, that which man calis sin is 
which is a yet stronger note of our shown to be more often due t,o his im- 
time, is, iA the main, due to the perfect sense of the true proportion 
progress of science, using t,he t,erm of things, and to his lack of imagina- 
as including not merely knowledge tion, than to his wilfulness; ‘evil is 
of the op&ations of nature, but wrought by want of thought as we11 
knowledge of human. lift as nflectod as want of heart.’ As Herbert Spen- 
by divers CINISC’S, and of the commu- cer says, ‘the world is governed or 
mty of blood in all mankind. overthrown by feelings to which 

It is this which has broken down 
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*forgiveness ’ of which men talk 
shows the charity of the injured, and 
may win the wrong doer to tl better 
hfe , but the tlnng . forgiven’-who 
can undo its e&x%?* Our deeds 
are like the ctnltlren born to us- 
they live and act apart from our own 
W-111 Kay, child&n may be stran- 
gl(~1. but deeds never t 

ideas serve only A* guides; ’ * and 
the lack of imagination, which is 
itself largely due t,o defective train 
ing of tl;e intellect. prevents a man 
from puttmg himself In the place of 
others, and deprives him of that 
sympathy which is essential to the 
unselfitih hfc Since morals are due 
to .tho social instinct, the liighctst 
morality is that wherein each one 
sh:~rus to the full the life of all. 
The tprribla IIU~SH of %TlJng-doing 

can only be lessened and timlIly rc. 
moved I)y suppression of the over- 
self, by the maintenanrc of the IA- 
ance betn-em such care of oneself 
as An11 best fit us for thu service of 
Il1Ul1, urd t~c11 t,huught for others 
as shall inflict cm them no sui?ixin~ 
through our selfishness, ni)l: 10~s 
t.hnrngll onr gxin t The crises of 
histo!y arc now rare whc31 great 

Self conquest lies 111 obedlcnce. 
obothenco bee in k~~o~~lcrlgc , and if 
to know that it ra:sts with man to 
make or to mar the Jives of others 
be not suflicing stimulus to learning 
the true that we mfiy do tlio right. 
no other motive can avflil What- 
ever power the tIllWItS of punish 
ment anti the promises of ~rwr~ix~ in 
an after life may hiLv0 hail in lawlehti 
and superstitious ages, they h:tvc 
nom but thti Rmallcet cffcct on con- 
duct: their remoteness cxhttusts thei I’ 

princi pies or causes, tlrmancling tlic power, itlld, nloreover, the b&f in 
sacritice of tllo incll~lcllli~l hfe, are at them is slowly tlectlyiny 
stake, ht the world bun never la~kf:~l For the conduet of life brief 
a Cnrtins. and the spread of the sc,i- maxims arc cnou$ . 311 the law and 
entitil- spirit 11:~s not proved fatal to ) commandments are in the golden 
the heroic. rule. all ethics in tlw tewhing that 

Especially is science a preacher of if innn be true tu himself he cannot 
rightcousnrss in making clear the in- be false to his fcllo\\ H; \vhllo in the 
di&oliible unity l)et,wcen all life past, knowledge thnt, life‘s tlemands will 
present-, iiIl(l to come. We are only always cxcectl its opporfunitles we 
ou the tl~reeholtl of knowledge as to may feel- 
the vast significance of the doctrine JTt>n fair n;i;t to till 

of hrl,c~dity, but we know enough tu : 
1.3 ,Et% tsr cab,, LODLU iski,, 

deepen our sense of debt to the past 1 
,5 .73’C’cozuti~/~/ of’ ., ?‘~/~~l/~,q~.--Thc 

ologv may bc clcfin~l as detbling 
anal of duty to the future. We are ,. .” 
whirl our fvreluthers made us, ])ltr.r 

with man’s relations to the god 0;. 

the action of circumstances on our I 
gods in whom he believc?s; morals, 

solves ; 
as dexling 

and in like manner our chil- 1 fellow ll,e,,, 
with his relations to his 

dren inherit t,he good and evil, Lath 

of I~dy ant1 mind, that is in us. 
Unfortunately, the two have hc- 

Upon us, thcrcfore, rests t,hc duty ! 
come a good ile3.1 miser1 in the de-- 

of the cltltivation of the best rtntl of / 
RI et: that contluc+ 1~s IXTI~ rna.de to 

-..-. ~ 
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rest on supposed divine commands as we see shying horses, timid pups, 
as to what men shall and shall not and young children act, until they 
do-an assumpt#ion which serves a learn from experience what things 
useful purpose as a restraint upon move of their own accord and what 
the brutal and ignorant, but which things do not. Shakespeare might 
has been a powerful engine of tcr- have added Caliban to ‘the lunatic, 
rorism in the hands of impostors and the lover, and the poet,’ as of imagi- 
fanatics. The confusion, however, nation all compact, and on whom it 
disappears when it is seen that the plays such tricks- 
evolution of belief in spiritual beings 
is a thing apart from the evolution ! 

That if it would but apprehend somt! joy. 
It cumprehendn smrrre bringor of that joy. 

of morals. which. as has been shown. j Ever on the alert.. against enemies. 
are based on social instincts and 
sympathies guided by reason and 
strengthened by inheritance and 
practice. For primitive theolo, 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 
fur guud, 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 iu more easy, its results more 
rapid, although, on that account, less 
trustworthy. Moreover, the phe- 
nomena on which experience, as the 
sole guide to true knowledge of 
things, is based, are too vast for a 
single life to compass, even were 
the reasoning faculty capable of deal- 
ing with them. It 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- 
t,ion of orderly relation iu his sur- 
roundings. So far as effort to sup- 
ply his lower needs sharpened his 
wits, he did not go far astray; in his 
uLruggle against material foes the 
weapons of his warfare were carnal, 
but RE against spiritual powers he 
URR defencelesn. Ignorance, pclmnys 
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 instinct of the savage Ieads 
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 

man’s fancy multiplied t.hem on all 
sides: nnd since he nsturruly attrib- 
uted passions like his own t,o the nn- 
seen beings in whom he believed, he 
dreaded ‘some bringer of that’ harm 
from every quarter, especially from 
things near at hand whose due ef- 
fects touched him closely, as the 
whirlpool ami the breaker, the fall- 
ing tree, the devouring beast, or ven- 
omous reptile. Phenomenafarther off 
rind less fitful moved him lees, bnt 
although day succeeded night, both 
sun and moon were in turn often 
swallowed and disgorged bv the 
black cloud-monsters, and h the 
wake of the fire- and winddragons 
of the lightning and the storm there 
followed destruction and death. 

What man fears, but is powerless 
to control, he seeks to annease. 
Hence the prominence of dehkmor- 
ship, of belief in baleful spirits 
am&get lower races; hence, -like- 
wisq, 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 
of buyiug tl&r favor by sacrifices, 
smearing their images with human 
blood, and wreathing them with hu- 
man intestinen. Hence, 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 
sins 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 cspcricncc aup- 
plied by dreams about both the dead 
and living, hallucinations, swoona, 
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 pleasure during life, and haunted 
its old home after death. The buri- 
al-place became the spot where the 
living brought their efto to the 
dread spirits of the departed, whose 
worship is a leading feature of bar- 
baric religions. The grave was the 
cra$lle of beliefs about the departed; 
the tomb became the temple. Com- 
bined with the belief in life wherever 
power or movement WOW manifest, 
these ideas have built up all theolo- 
gies, from the polytheistic to the 
xo-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 
ihe& gods can be predicted, although 
tho higher theologies will retain per- 
sistent traces of the barbaric con- 
ceptions of deity in which they arose. 
They are not, as shalIow carpers have 
argued, the ingenious inventions of 
self-seeking men; they arise out of . . __ 

In the chapters now brought to 
an end a vast field, the limits of 
which shade into the unlimited on 
all aides, 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 gas into 
genius. 

Let us epitomize in fewest words 
the necessity of human nature to 1 what. after all. is itself but a sum- 

I  

mary of a large subject. t- 

else, LLS Omar EhayyAm sings- 
Mynelf when ~-oung did ca~erly frequent 
Doctorand aeint. and heard great argument 
About it and about, but evermore 
Came out by the same door whereiu 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 itself about the fate of 8 
mm who denies its ccyecul&ivt! doc- 
trines; morals bid him remember, as 
the one thing needful, that what he 
SOWB he or his will rea.p In the end 
when it is seen that theories about 
go&and all other spiritual beings 
have nothing whatever to do with 
man’s dut,y to his fellows, theology 
and morals will again become dia- 
tin& 

frame an explanation of that which 
affects it deetAv and constantlv. 
Their roots d&w” nut.riment fromda 
common soil; the frenzy of the sav- 
age and Llw ecstasy of the saint have 
a common bwe in undisciplined 
imagination. 

Tt~nlogy ion pm+itied 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 
t#he past are the myths of tho pres- 
ent; the duty of theology is to read- 
just itself to what science proves to 
be true, since science h& no facts to 
in telFret save those which man has 
gained from experience. Of aught 

1. Besc&$Aon.-The universe is 
made up of Matter and Power, both 
of which ore indestructible. Matter 
contains about seventy so-called ele- 
mentary substances, which exist in a 
free or combined state as solid, liquid, 
cm gaf3eoas ; it is also preaeut Brough- 
out space in the imponderable state 
known as ethereal. The motions of 
Matter are due to Pnwer, which acts 
in a twofold and opposite way, viz 
as a pullil?g or combining Force, and 
as a pushmg or separating Energy. 
Force inheres in matter, and acts 
continuously whatever the distance ; 
Energy is both passive or stored up, 
and active or in a state of transfer 
from body to body, the sum-Ma1 
being in gradual course of transfer 
to the ethereal medium, where its 
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power t,o do work ends. Pondera- 
ble matter i6 distributed tl~rongl:llout 
apace in bodies of various size and 
density, from molecdes 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 Tvsndering gn6c- 
ous hotlies. The plan& on wlli~h 
we live is a nearly spheric*ttl body, 
thret;-fourths of wiiicl is covere~l by 
water, Hlld the Whole 6UlfilL!t: WlVel- 
aped by an atmosphere. So far as 
its rind or nrllst O~II bo OXIL~~~TIC~C~, it 
is folnld to caomsist of solid rc~ks, thu 
lo!\-eat of which have been fused by 
fire. ancl t#lie uppermost laid down 
by lvater. The water-laid rocks COW 
t&n the remains of plants and ani- 
mals wlijclt have escaped the general 
dcfXruct.ion of organisms in the wcai 
and teltr whicbh *the rocks untlergo 
ceastlcssly. The simplest fossils are 
fount1 in tlro oldest del)ositR, t,llo 
mcn~c: adv;t~~~l in t,he newer. and RO 
on in ascending scale until wc reach 
the newest deposits, which rant.ain 
the highest forms. The existing 
spe&:s of plants and animals cou- 
prise the lowest and simplest., whic*ll 
have probnbly persisted throngliont 
the entire life-period, as well as thr 
highest and 60me others, the vast 
mnjority of intermedi.zte qwcies hnv 
ing tlied out. All plants n11c1 animals 
arc mu& of t,hc SI~I^IC) mrterials, nil11 
have to do f,he 6nm~ work. Th:Lt 
work is threefold: to feed, to mul- 
tiply their kintl, and to respond t!: 
the unter world. The cells of which 
every. part of every plant and ani- 
mal is Imilt up are vnriou6ly %I- 
tered anti arranged accrortling to the 
way in wllich thnt worlr is maw 01 
less dividednmongst the several parts. 
The main difference betlvveen plant 
and nnim:1;1 is in t,he motlc of Icctl- 
ing ; the plant is alone nble. in virtue 
of it6 chlorophyll, to convert the in- 
organic into the organic, and the 
animal tlierefclre depemls on the 
pla,nt for it6 food supply. 

was a diffusecl vaporous mass, un- 
cqunlly distributed throughout space. 
Force, acting on the unstableness of 
that mass, drew it.8 particles to- 
gether, and the resulting collision 
set free the stored-up Enorgy, which 
became active in two forms: the 
mAtlr, cnnsiiig the sevelsl masse8 
into which tha particles hod gath- 
ered to sl)m round in an or.bit; and 
tt1o n/ozcctrlu/’ cau6ing a swing-like 
motion among tile p&icles, which 
u&on was diffused as light and 
Lent. The nmmx~ into d&h the 
IGmitive nel~la was broken up be- 
O~XIC: 6iderctll or solar systems, each 
of which, like the: parent mass, threw 
ofi, as it was illdruwn towards it,s 
common ten tro of gravity, masses 
which becanlc the planets, and from 
these were detaclied, jn like manner, 
mnscs which became moons. Conlcts 
a7td other fugitive bodies are prob- 
:lI)ly duo to exprilsion. 12ot11 in itr; 
fillape and general condition the 
earth gives proof of this pitSSap 

from the pseons to the solid 6tttte. 
As one of the 6rn:~ller botlics, it long 
ago ccuscd to shine by its own light, 
lmt IL vnst pr-riot1 elap6cd befL#rc it 
lmame ~01 enough to form d crust 
icnd t,o condcr~t: the v:q30-‘0’6 that 
swnthecl it into primevnl oceans. 
The knplent co~nponnds of its ele- 
ments were formed first,, the comC- 
nations becoming more and more 
complex until tlir-y reached tllat sub- 
tile form which iS tile Dll$SiCill basis 
of life, and which: start.ing in water 
ILR n structureless jelly, has reached 
its frillest development in man. The 
organic is dependent ul)on the inor- 
g&c ; and mind, as a 6pecinl form of 
life, tulesits placoas tllo llighest. ~md- 
uct of the action of Power upon Mat- 
t,er. From the action of mind on mind 
hns arisen that social evolution to 
which, in a supreme degree, is owing 
the progref4s of man in knowledge, 
wherebv he has subdued the earth. 

2. ~~~~jlt~lLutiolt.-At the begin- 
ning of the present universe Matter 

The “ultimate transference of all 
energy to the ethereal medium in- 
volves the end of the existing stttte 
of things. But the ceaseless redis- 
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tribution of matter, force-clasped anal 
Energy-riven, involves the beginning 
of another state of things. So the 
chauges are rung on evolution and 
dissolution, on the birth and death 
of stellar systems-gas to solid, solid 
to gas, yet never quite the same- 
mighby rhythmic beats of which the 
earth’s cycles, and the cradles and 
graves of her children, are minor 
a-hythms. 

. 
Thus the keynotes of Evolution 

nmTTnit.y nntl Cnntinnit.y. All thinga 
arc made of the same stuff differently 
mixed, bound by one force, stirred by 
one energy in diicrs forms. For:c in- 
heres in matter ; Energy acts throng11 
it; therefore bdh have neither rnore 
nor less clnim to objective reality 
tbrtn matter. And a* bcienca ten& 

anrl whither. Since it can tbraw no 
light on the genesis of matter, or 
on the origination of motion! or on 
the beginnings of life or of mind, it 
leaves great and small alike a centre 
of impenetrable mystery. It may 
correct, but it does not repress, the 
imagination; neither does it impose 
any limits on thought ; it 1~s h larger 
charity for superstition than for ir- 
reverence; it bttn 110 shibb~Aetll~ the 
surrender of which can awaken 
dread: its temper is not aggressive; 
it snrkn to infwm life with the love 
of t.ruth, and to let the facts which it 
rcvcals, and whose significance is its 
chief concern, win their wily on their 
own merits; since i a doqna leamctl 
is only a new error-the -old one was 
perhaps as good ; whereas a spirit 
curnmunicatecl is n, peq7etmrl lws- 

. 
to the conclusion that all kintls of session.’ Our sense of the hem$v of 
matter are modifications of one pri- Nafure is not dimmed by fulls ant1 
mn.l nlfvnfxt, ~ntl t.lw.t, n.ll mrdrn of I t.7nw knomldgrr of 11~1. wo1~li8 rind 
motion are varied operations of one ; ways ; the more we feel our oneness 
power, perchance these three--Mat- 1 wit,11 hur the more do we desire to 
tcr, Force, rind l?nergy-are one. j know her as she IS; while all that it 

But into these md like specdulative really sufices us to ICKPII for the tlis- 
topics Evolution does not, int,rudc. charges of life’s dntius, anti all t,he 
Dealing with proccssep, and not with ; motive that is ueeded to impel us 
the nature of things in t.l:c!inselvc+4, it, theret.0, is supplied in the theory 
is s&Ant concerning any thewies that 1 which hns so profoundly ~111 per- 
may be formulated to gratify man’s manentlg affected every department 
insnt.in.t,e cwriosit.y nhcmt, t,hn whence of hnnlnn thnnght,. 
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Age .............................. 32 
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24. Prehistorio PictnreM. ...... .,_ ..... 34 
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42. Uoral.. .......................... 57 
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65. Skeleton and Outline of Bat ....... 67 
56. Diagram of Lancelet.. ............ 67 
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A BDOMFN, 59, 60 
Affinity, 7, 9, 76 

Air bladder. 68 
Alga. 15, 26.39, 43, 84 
?Illen, Grant, $2, 49, 50, 81, 84, 9’ 
Alpha Centauri, 10 
hrttber, 23 
bmerica, connection of, with Europe, 

107 
31, 

Ammo&es, 23, 25, 27, 29 
hmteba, 39 41 53 111 1 3 . 
Amteboida. 53 
gmpbibiaus, 22, 68 
Aulphmxus, 67 
Ancestor-worhkip, 119 
Anemone 55 
Angio+&us, 27, 45 
Anglo-Bmericun race, IO8 
Animals, Chlorophyllian, 84 
Animals, dispersal of, 106; exist,ing, 37; 

language, 113 : mind, 111 ; nutrition. 
‘II ; ntatioltary, 33 

dnimals and plants, priority of, X3, 84, 

hi+, !15. 100. 108 
Animism, 10, 119 
Annulosa, 50, 58 
Ant, ;JO, 52: braiu of, 69 a , grub stage, 63: 

high social stage, 63, 112 
Antenu:c, 52, 60 

sub-kingdoms, 50; unity, 39, 40, 47, 

Apes, man-like, 31, 105 

51. 109 

Apes and man, bruin of, !I9 ; skeletons, 72 
Aphis, increase of, 91 
Aqueous nction, 15, 37. 79, 120 
Archtiopteryx, 25, 27, 104 
Arctic rimb, 21 
Arnold, Matthew, 43 
Artificial Selection. 90 
Arts, evolution of, 114 
Ascidians. 64 
Ascidinns and Vertebrates, 51, 65 
Asteroids, 1L’ 
Atlautic ooze. 19 
Atmosphere. ‘f:artb’a, 14 
Atomic throrv, 5 
Atoms, 5, (; ; ‘7, 76 ; separation of, 9 ; unity, 

6 ; weight and volume, 5 
, 

Attracllon, 7. !J 
Autitralia, ancient life-forms 

105 
Autumn. tints of, 49 
Axoic, 13, 79 

of, 25. 68, 
I 

71, 

Bates, H. TV., 25, 61, 92 
Bats, 30, 67; range of, 105 
Beauty, evolution of, 50 

Bee, 48 
Beetles, 2!2 

ULI 

Belemnites, 25, 27 
Bell-shaped petals, 46 
Bhattias, 116 
Bheels, 112 
Bilateral symmetry, 57, 66, 86 
Birds, 30, 31, 69 ; as seed-dispersers, 47, 49, 

106; descent. 70: carliwt, 5% ; fnnt- 
prints, 16, 23 ; ~u’gvltiou, i0 : placp, 
37 ; range of, 105 ; reptile-like. 18, 25. 
29, TO ; wingless, 86 

Bivalve, 63 
Black lead, 16 
Blnstc~aphere, 86 
Blood, 54, 68, 67; salt in, 5 
Bodies, colors of, 49: primitive state, 12; 

state5 of. 4. 8 
Body-cavity, ‘54: 66, 86 
Roolak, iO 

-of ant, 62; ‘if man and apes, 97 
Rrandt, 84 
nrenthing, organs of, ~8, ti8 
Bronze, Age of, 38 
Bryophyten, 43 
BuiIon, 80 
Butler, Samuel, 88 
HuttWlieb, 27 

Brain, 5’2, 63, 62, 66: function, 52. X3 ; or- 
1~1n. 23: proportion of, to body, 62; 
aud tbou~ht, 4 

C xs?IIt, 116 
Calgx, 45 

Cambrian system, 27 
Carbon, 6, 118. 41, 49, 81 ; products of, 22 
Carbonic acid, 30 41, 68 
Carbonifcroan W&U, 22, 23, 60 
Csrlyle, 51, 113 
Carnivore, 31, 96 
Ganaivorous plants, 39, 83, 111 
::arpenter, w. R., IX 
Catkin-bearers, 46, 47 
Cavu-lion, 36 
Cell, 42, 52, 81 85 : changes, 57 ; division, 

XB ; RrOWtL, 8aj Itryert;, S4, t7, 86j 
walr, 42 

C&Jlose, ‘12, 53. 64. 66 
Chalk, deposit of, 19, 27 
Charcoal, 49 
Charing Croe.8, fossils at, 36 
Chemical attraction, 7, :I 
Chimpanxee, ~2. !a7 
Chlorophyll, 41, 49, 54, 81 ; action of, 84; 

in animals, 81 
Chromosphere. 11 
Cilia, Y!). 43, 54. 59 64 67 
Oirculation, organ; od, 54, 

flquirts, 64 
Civilization 9!) 
Classilicatidn, 103 
UlilTord, Prof., 115 

57: 66; of 6a- 
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‘I.3 

,Qio borealis, 64 
Club-mosses, 20, 21, 22, 43., 44 
Coal, 16, 20; nature of, 21 
Cockchafer, 62 

Cockroaches 23 
Cod, increask of, 91 
Coelenterata. 50, 54 
Ccelomata, 50 
Cohesion, 7, 8, 9, 76 
Colonial animals, 54, 63, G4 
Color, nat,ure of. 4. 48; of flowers. 49 : or- 

I& nf, in fl&vuern, 4!h 
GAo~ ~Senre, The. 50 
Coloring. protective, 92 
COIuetR, !), 11, 12 
Compsogusthus, 104 
Conifers, 21, 23, 41, 4C 
Conscience, 115, 116 
Consciousness, mystery of, 4, 53, 52 
Conservation of energy. X, lO!l 
Constellations. 10 
Continents, relative permanence of, 29, 37 
Cook, Captain, 113 
Cope, Prof., 66, 82 
CoperniOus, crater of, 13 
Coral, 20, 21, 39, 55 
CorollA, 45 
Corona, 11 
Uorti, strmgs of, 53 
Cotyledon, 46 
Crabs, 23 
Creta&ous syetem. Y7 
Crime, nature of, 116 
Crocodiles, 23, 31 
Crown bearers, 46 
Crust of the earth, 6, 14 
Cruxtacea, 20 21, 5!) 
Cryptogams, 43 
C]rystals. formation and growth of, 32 
Outtle-fish. 23. 63 
Cycada, 23, 27, 4ro 

97,,1OG, 108, 116 
Darwm s theory, 2, 831 summary 
--Life and fittia.2. 88. 92, 04, 
Dnwkins, Prof. lb& 3:3 
IIawson, Sir J. W.. 18 
Death. 82.100 

92, 33, 

100 

FER 

Dipuoi, 68 
Distribution of life-forms, 
Dog, embryo, 87. 101 
Double-breathers, 68 
Duck, 95 
Duck-bill, 70, 71 
Dutv. 117 

Deer, antlers of, 95, 96: hornless, 31; Irish, 
36j Rod, 91 

Degeneration, 86, 100 
Descartes, 4 
I&cent of-Man, 111. 112. 115 
Descent, theory of, 33, 90; 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, 39, 54, SG, 64, 66 
Diiornis, 106 

104 

Dye;; Thiselton, 80, IJ4 

EARTH, age of, 101; cooling, 7Y, 80 ; core, 
14; crust, 6, 14, 79 ; densit,y, 14 : des- 

tiny, 70; orolution, 70 j motio~!s. 14; 
orbit, 9. 34 ; past life-history, 15 ; prim- 
itive temperature, 79 : shape, 14 

Echidna, 70, 71, 
Eclrinodermntn, 50, 
Educntion, 110, 111 
Egg, of mammai, 7, 43; of man. 102 
Electric energy, 82 
l?lfwt.rirnl unita, FI 
Elements, 5, 14 ; classification of, 5 ; com- 

mon origin, 5 ; groups, 5 : periodic law, 
5 : state. 6 

Eleghan~~ increase of. 91 
Elliot. 93 
E:nbryo stage. 37 
Embryology, 101 
Emerson, 3. 75. 104 
Emotion, 113. 4 

Endogens. 2!1 
Energy, 4; activu and passive, 7, Y ; 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, 73, 7Y, 82. 
84 ; storage, 7 ; sum- total,7 ; tabular 
summary, 9 

Eozoio system, 15 
&mm. C’cEnadense, 18, 20 

Epochs, Geological, 15 
Ether, 4, 7, 9, IO 
Ethereal medium., 7, 9, 11, 49, 7i, 120 
Europe, connection of, with America, 31, 

107 
Eu1upa iu Carbouiferoua period, 22 ; 

Eoccne, 29; Jurassic, 23; Pliocene, 
31 ; Silurian, 20 

Evolution 2 75, 100 . 
limitktioto, 121 . 

conditions of, 100 ; 
‘purum*rJ-, 120 

Evolution of art, 114: beauty, 50: earth. 
79 ; eye, 50, 65 ; godo, 118 ; language, 
113; life? 7Y; man, !17; miud, IO!); 
mornlti, 116 ; plant and unimul. X3, 
science, 114‘; society, 111 ; solar sys- 
tern, 77 ; species, 89 ; stellar systems, 
76 theology, ; 117 

Exogens, 29 
Eye, evolution of, 53. 65; of Hattsria, 

65: of insect. 59 62, ; of sea-squirt, 65 

F ARADAY, 5 
Feathers, 70 

Females. fights for. 93, 112 
Ferns, 15, 21, 23, 43, 44: Age of, 37 
Fertilization, 47, 49 
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rm UQ 
Firs- 23 

37: bony- ; 
Horsetails, 43, 44 

Fishes, 15, 68; Age of, 21, Huxley, Prof., -3, 6, 23, 
skeletoned, 27, 30 ; embryo of, 87 !)7. loo, 109 

Fiske, 113 / 1 Qbrids, 108 
1 Hydra, 54 Fission, 42 

Fixed atars, 10 
Flint, 19, 27 ; chipped, 33. 36 
Flowers, earliest, 47 ; essential parts of, 

i 

47; fertilization, 48; function, 46 
Fly, increase of, 91 
Flying lizards, 25 
Fnnt,pints, fossil, 1C: 
Foraminifera, 18, 20, 27 
Force, 4; definition of, 7, 75; inherence, 

7. 121; persistence, 7, 75: sum-total, 
7 ; tabular .wmmnry, I) 

Fossils, 16 ; succession of, 18 
Frog, 69 

Hydrocarbon, 41, 49, 84 
Qdrogen. 5, 6, 8. 11, 14, 38, 41, 81 ; so- 

lidifying of, 81 

Fruit-vielders. 46 
Frui$ functibn of, 47, 50 
Fuegians, 99, 100, 113 
Fungi, 39, 43, 44, 84. Sl 

I 
GE, action of, 33, 37 

Igneous rocks, 16, 23 
Lndestructibility of I’ower. 8. 119 
[nfancy, period of, 62, 111, 113 
[nfanticide, 111 
[nfusqria, 54 
hmrganio evolution, 76 
[nsecti, adaptation of, to plants, 48 : in am. 

her, 21: earliest, 21; Miocene, 31; ori- 
gin, 60; intelligence, 61; social, 62, 
112 

Insect-feeders, 72 
Cnsect-fertilization, 47 
Instinct, 110 
Intermndintn forma, 25, 31, 62, 104, 108 
[nvertebrates, 37, 50, 66; eyes of, 53 
Iron, Age of, 36 
[elands, 105 
rnland Life, 105 
Isomeric compounds, 81 

GALAPAGOS Islands. 2 
Ganglia. 58, 65, 67 

Ganoids. 20, 21. 23. 27. 30. 68 
Gaseous state ok matte;, 4,’ 12 
Gases, solidifying of, 8 
Uas-tar, product8 of, 22 
Gastrula, 86 
Gegenbaur, 68, 94 
Geikie, 14 
Gemm 
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-squirts, 65 
Glacial action, 33 ; epoch, 29 
Go&, evolutiun*o& 118 
Gorillq, 72, 97 
Graphlte, 16, 20 
Grawes, 46 
Ororitotion, 7, 8, 9, 10, 14, 76, 120 
Gymnosperma, 37,45 

H.iE;;(XL;,SG, 88, 108 

Hamilton, Sir W., 77 
Hand, importance of, !)7, 113 
Hatteria lizard, 65, 105 
F&d, 58 
Heart. 58, 70 
Heat, 4, 8 
Heilprin, 18, 23, 100 
Helium, 11 
Helmholtz, 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, SO ; ancestor of, 31, 104 

40, 42, 83, 87, 94, 

J 
EEVINE, 68 

Jelly-fish, 55 
dolas, 115 
Jupiter, 12, 78 
Jurassic system, 23, 64 

K ANGAROOS, 72 
Knnt, 77 

Khaygti, Omar, 119 
Kinetic energy, 7, 9; forms of, 8, 12 

L ABYRINTHODONTS, 22,23 
Lamp-shells, 21 

Lancelet, 66, 67 
Lnnguage, evolution of, 113 
Lankester, Prof. Ray, 65, 63, 84 
Laplace, 77 
Laurentian system, 18, 20 
Ltnw, changes in, llti 
Leaf,, as type of plant, 48 ; function, 41 
Leaf-forests, Age of, 37 
Leaf-insects, 92 
Lemuroids, 31 
Lemurs, 72, 97 
Lichens, 43, 44 
Life, characteristics of, 82; 

chemistry, 38. 81, 84 
mystery of origin, 79, 81 
regions, 104; nnity, 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 
Livi;tn;hignlga, composit’ion of, 6; funo- 

Lizards, iying, 25 ; sea, 23, 25, 27 
I&stars, 23 
Lockyer, J. Norman, 77 
-motion. organs of, 57, 58 
Lombok, 105 
Lubbock, Sir John, 88 
Lucretius, 99, 113 
Luuar craters, 12 
Lnngr+, development of, 69 
Lyall, Sir A. a., 112 
Lyell, Elir C., 88 

M ACCABEES, Rook of, 4 
Maodonald, G., 117 

$lt$agasoar, 105 
I&llh~n&45 

M.ftm~&, 15, 70 ; Age of, 29, 37 ; descent 
70 ; earliest 23 : egg of, 7, 42 ; molecules in 

+x9 7, 43 
X%mmoth, Y’J, 36 
ti, ancestors of, 31 ; birthplace, 33 ; color 

8enae 50; development, 102; embryo, 
W, 101; erect position, 90, 97 ; iu- 
crea*e, 91: 111 ; * primitive,’ 99 ; races, 
73; remains, 33 

Manbo~tion of, on nature, 106 ; on speciea, 

Man and apes, brain of, 97 ; skeleton, 72 
Mankind, common origin of, 108 ; struggles, 

112; unions, 112 
Mantle, 64 
Mar6. 12 
Marsh, G. P., 107 
Marsupials, 23, 27, 31, 72 
$kw++o~ ;;ttar, 7, 9 

MZ3, igLts for 93 112 
Matter. distribuiion’ of. 10 : iuvieibilitv 9. 

76.; primary form,’ 5, 6; rarefacdoni 
9 ; atatea, 4 ; t&&r Wlmmary, 0 

May-flies, 22 
Measuring, 114 
Medium, action of, 52, 70, 94 
Medusee, 55 ; nyna rind errs of, 55 
Mendelejeff! 5 
Bletamorphla rockB, 15, 20 
Metamorphoses, 61 
Meteors. 11,12, 77 
Metazoa, FiO 
Xcropgle, 45 
Migration, 70, 107, 110 
Milky way, 11 
Mimicry, 92 ; of sound, 113 
Mind, evolution of, 109 ; of animala, 111 
Mind and body, connection of, 82 
bWxne system, 31, 80, 104 
Molar energy, 76, 120 
Molecular attraction, 7 ; energy, 76 
Molecules, 5, 7, 83; rate of motion, 8; 

separation, 9 ; 
tween, 8 

size, 6, 7 ; spaces be- 

OWE 
Mollusca, 20, 27, 50, 51, 63 ; importance of 

fossil, 29 
Moneron, 15, 51, 52, 63 
Sfonotremes, 70 
Moon, condition of, 12 
Moons, 11, 12, 43, 78: origin of, 78 
?rLorals. evolution of, 115 
Morison, J. Cotter, 117 
Morphology, 103 
Morula, 86 
Moseley, Prof., 83 
Motion of matter, 7, 14 
Mountains, origin of, 30, 79 
Mouth, 54, 58 
Mud-dsb, 27, 68 
Music, 114 
Musk-sheep, 107 

N ATURAL SELECTION, X8. 90, 96, 108, 
111; limitationo of, 100; objectioua 
to, 108 

Nature, n&on of man on, ,106 
Nautiluses. 27, 64 
Nebular tbnnry, 77 
Nebulae, 11. 78 
Nectaries, 48 
Neptune, discovery of, 6 
Nerves. function of, 59 : origin. 52, I 09 
Nerve-cells, 52 ; -fibres, 5 ;- tissues, 53, 83 
Nervous system, 39, 52; annuloaa, 58; 

beetle, 61; jelly-fish. 55; laucelet, 67; 
plants, 40; sea-squirt, 65; sponges, 64; 
star-fish, 57 

New Zealand, 27, 104, 105 
Newlands, 5 
Newton, Sir I., 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, 44 
NuoleuB, 42, 43, 45, 51, 85 
Nummulitee, 29, 30 
Nutrition, 40, 41, 51, 58, WY, 120 

OCE9AN$ $4, 79; permaneno2 of deep, 
. . 

0&p& 64 
Odyssey, 99 
Old maids and clover, 92 
gid Red Sandstone system, 21 

igooenc system, 31 
One-celled plants, 43 
Oolitic system, 23 
Opos8um~, 72 

1 Orbital Organic motion, energy 81 of, 8, 12, 77 
oompounds 

Organisms, rate of i&resee of, 91 
Organs, 42.54 ; preheosile, 96,97 
Originof Jlpeciee, 2, 88, 89,91, 95, 100, 

10R 
Oruithorhynchus, 70 
ovary. 45, 47, 55 
Owen, Sir R., 31 

101, 



128 IXDEX. 

OXY SD73 
Oxygen? 6, 38, 39, 411 54, 58, 81, 84; Epoch. 15, 33, 37 

ifying of, 8, 14 
solid- ’ OUATERNARP 

N Qnatrefagas, &I. de, 33 
Ovsters . 22 . 23 . 64 

P AGET, SIR J., 40 
Paraguay, 92 

Parasites, 59, 100 
Parsimony, law of, 77 
Pearl oyster. 63 
Perch? fossil, 28 
Periwmkle, 64 

. ,,. 
RADL4NT energy, 11, 12 

Reade, Mellard, 30 
Reason, 110 
Recent Period, 33 
Reflex action, 39, 110, 111 
Relation, function of, 51, 52 
Remorse, 115 
Reproduction, 40, 42, 43, 51, 87 

l’crmian oyntom, 13 Kept&c, 69; Age of: !?(I. 27 
Persistence of force, i, 75 Rhinoceroses. 31 
Petals, 46, 47, 48 ; markings on, 49 Right aud Wrong, 115 
Phanerogams, 43, 45 , Ilook, definition of, 11 : igneous, 
Phosphorus, 81 stratified, 16, 18 ; varieties of, 15 
Photosphere. 11 I Rnmuln, 117 
Pigeon, 90, 108 Hoscoe. Sir H., 38 
Pines, Ago of, 37 Rotifers, 59 
Pistils, 4.4, 45, 47, 4F( Rotten stone, 19 
Placentals. 31, 72 ; classes of! 72 Rudimentary structures, 102 
Planets, orbits of, 12, 78; origin, 78 
Plant-feeders, 96 ;S ACHS, 22, 38, 42, 62, 84 
Plants. nction of green, 39; adapt&ion of, / Sacrifice, I18 

to insects, 48; carnivorous, 3’3, 83; de- St. Helena, 105 
fensive structures, 48, 92 ; dispersal, Salmon, fossil, 28 
106 ; existing, 37: fossil coal, 22; in- Salt, 5, 80 
crease, 91: locomotive, 3!> ; nutrition , Saporta, Comte de, 80 
of, 41, 82, 83; one-celled, 43; one; 1 S’argawm Sea, 80 
seed-leaved, 45 + sensation of, 40 ; sen- 1 Saturn, 78 
sitivc? 39 ; sex i:n, 43, 47; sleep of, 40 - 1 Savage man, 97 
sub-kmgdoms, 43 ; two-seed-leaved+ 45 Scales, 70 

Plants and animals, priority of, 83 ; unity / Scent, 49 
of, 39, 40. 47, 51, 109 Schiller, 93 

Pleistocene, 33, 36 
Plesiosaurus, 25, 26 

Science, evolution of, 114 
Scienca and theology, 119 

Pliocene, gravels, flints in, 33 ; -system, Scorpions. 20. 22 
31 

Polar region, origin of life in, 16, 80, 107 
Pollen, 45, 47, 48 
Yolypu, 54, 80 
Poriferit, 54 
Poet-Pliocene system, 33 
Potential energy, 7, 9 
Pouch-bearcrb;, 25, 31 
Poultry Compter, 116 
Power, 48, 75; dlsfinition of, 7; indestruc- 

tihilitJ, 8 ; tabular summarx, 9 
Prawns, 20 
Priests, 118 
Primary Epoch, 15. 18, 21, 23, 37 
Primates, 31, 72, 96 
‘Priznitivo ’ ma71, CM 

Proctor, R. A., 11, 77, 78 
Progress, 99 
Prohibitions, social, 116 
Protein, 41 
Protoplasm, 38, 41, 42, 44, 51. 53, 71, 81, 

82, 84, 85, 86 
Protozoa, 50, 8.5 
Prout, 5 
Pseudopods, 51, ,54 
Pteridophytes, 43 
Pterodactyl, 26 

16 

Sea-&au&be;, 56 ;-lilies, 20, 56 ;-lizards, 
23, 25, 27 ;-mats. 64 ;-mosses. 64 ; 
-squirts, 51, 64, 65;-urchins, 56 

Secondary Epoch. 15, 23, 37 
Seeds, 42, 43; dispersal of, 50, 106 
Segments, 57, cc 
Selection, artificial, 90:-natural, 88, 96, 

108,111; sexual, 93, 108 
Senses, evolution of, 52 ; unity of 52 
Sepala, 47, 4E1 
Serpents, 37 
Sex, importance of, 47 ;-, in plants, 43 
Shakespeare, 118 
Sharka, 23, 27, 68 
Shells, 54 
Shell-fish, 20 
Sidereal system, structure of, 11 
Sihres, 18 
Silurian system, IS, 20. X0 
Simple forms, persistence of, 18, 44, 100 
Sin, 116 
Sirius. 10 
Skin, ‘evolution of nerves est., from, 52, 

54, 65, 70, 94, 109 
Skull, development Oz, 58. 66 
Slug6, 63 
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