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for both would almost cortainly inherit differont characters from
their distinct progemitors ; and organisms already differing would
vary in a different manner. Natural selection cannot possibly
produce any modification in a species exclusively for the good of
another species : throughout naturo ono specics incessantly takes
advantage of, and profits by, tho structures of others. But
natural selection often produces structures for tho direct injury of
other animals, as in the fung of the adder, and in tho ovipositor
of the ichneumon, by which its cggs are deposited in the living
bodies of other insccts. Natural selection will zever produce in a
boing any structuro more injurious than beneficial to that being,
for natural selection acts solcly by and for the guod of each.

Species at any cno period are not indefinitely variable, 2nd aro
not linked togother by a multitude of intermediate gradations,
partly because tho process of natural selection ig always very
slow, and at any ono time acts only on a few forms; and partly
because the very process of natural seloction implies the continued
supplanting and extinction of preceding and intermnediste grada-
tions. An intermedinto variety usually exists in less numbers
than tho two forms which it connects; conscquently the latter
two during tho course of further modification, from existing in
greater number, will have a great advantage over the less numer-
ous intermediate variety, and will thus generally succeed in sup
planting and exterminating it.  Natural sclection will modify the
structure of tho young in relation to tho parent, and of the narent
in relation to tho young. In social animals it will adept tho
structure of cach individual for thebenefit of the wholo community,
if the coramunity profits by tho selected change. In two beings
widely remoto from cach other in the natural scale, organs serving
for tho same purpose and in external appearanco clesely similar
may have been separately and independently formed ; but when
guch organs are closely cxamined, ecssential differences in their
structurc can almost always bo detected ; and this naturally fol-
lows from the principle of natural selection.  On tho other hand,
the common rule throughout nature is infinite diversity of struc-
ture for gaining tho samo cnd; and this agein naturlly follows
from tho same great principle.

As Huxley and Hacckel bavo shown, the only feasiblo reanner
of armnging the animal kingdom is in a number of divering or
branching lines, liko tho boughs and twigs of a tree. Stariing
from tho amaba and its kindred, which ars are neither animal nor
vegetal in character, we encounter two diverging lines of develop-
ment represented respectively—according to  Hackel—ly these
protists with harder cnvelopes which aro the predecessors of the
vegetable kingdom, and theso with tho softer envelopes which are
the forerunners of tho moro mobilo animal type of crganization.
Confining our attention to animals, wo moeet first with the ccclen-
terata, including sponges, corals, and medusw, charecterized by the
unien of masses of amatalike units, with but little specialization
of structuro or of function. Beside heso lowly formg, but not
immcdiately above any one of them, wofind echinoderins starting
off in one direction, worms or annuloida in a second, and mellus-
ovida in R third. Following the first road, wo stop short at echino-
derms.  Rut in the second, we tind annuloid worms suceeeded by
articulata, or true annulosa, which rediverge in sundry dires-
tions, reaching tho greatest divergence from the primitive forms in
tho crabe, spiders, and ants. On the thind road, wo find tho
mulluscoid worms, diverging inte mollusks, and, assome think, inte

——

vertebrates.  Through tho trvozaa wo aro gradually led tothe trun

mollusk, while tho tunicata, of which the ascidian or “pitchier” is
tho most familiar form, Inads, as is Leld by some natumlists, dic
cctly *o tho vertebmtes. By others, however, the vertebmtesg aro

rezardnd, not 8s being acrived from tho molluseeida, bat as consti- |

tuling a fourth independent divergence from tho primitive forms;
the four great kingdoms of the animal world, the radiata, artico-
lata, mollusen, and vertebrate, being separato offshoots from tho
criginal basis of animal life.

Now, from first to Iast, the farther wo traco any ono lino of
development, tho more widely wo find it diverging from other
linos which originated in tho same point. The kigher insects and
crustacoans aro net at all like worms; lwt tho myriapuda, the

lower crustaceans, and the caterpillavs of higher insects, ave liko
worms, Viewed at the upper end of the scale, tho mollusks aro
widely different from tho vertcbrates: viewed at the lower end,
the differenco almost vanishes. In tho man and tho onk we get
perhaps tho widest possiblo smount of divergence between organ-
isms; yet, at the bottom of the animal and vegetable kingdoms, we
find creatures liko the ameba and protococcus, which cannot be
classified as eithor animal or vegetal, because thoy are as much ono
as tho other. The monotrenaty, of all mammals the Jeast remoto
fromi reptiles and birds, are at the same time tho oldest. Far
back, in secondary times, wo find lizards strongly resembling fishes,
and other saurian creatures which difier little from bivds,

The embryonic development of organisms furnishes a strong
proot of the genetic connection of races and specices, and the deriva-
tivo descent of higher from lower forms. At the outset the germs
of all animals are exactly like each other; but in the process of
development each germ aequires tiast the differential chrncteristics
of the sub-kingdom to which it Lelongs, then successiveiy, the
characteristics of its class, order, family, genus, species, and race.
For example, the germ-cell of a man is not only indistinguishable
from the germ cell of & doz, a chicken, or a tortoise. but it js lik~
the adult form of an amaba or a protococcus, which are nothing
but sinplo cells.  Four weeks after conception, the embryos of the
man and dog can hardly bo distingunishod from each other, but have
becomo perceptibly different from the corresponding embryos of
the cbicken and the tortoise. At cight weeks a few pointg of
difference between the dog and man become perceptible ; the tail
ts shorter in the hun.  emlryo, for enething ; but these differences
aro less striking than those which separato the two mammals on
the one hand from tho reptile and bivds on the other. At a later
stago tho human embryo becomes still more unlike the dog, acyuir-
ing characteristics peculiar to the order of primates to which man
belongs.  Lastly the factus of civilized man, at seven months, is
entiresy human in appearance, but still kas not thorenghly acquirved
tho physical attnibutes which distinguish the civilized man from
tho Australian or the negro.

Not only is this principlo exemplified in the vertebrates, but in
the othier animnl kingdoms as well,—in tho mdiates, mollusks, and
articulates. Tho higher species of exch during their embryonic
development, successively resemble the lower orders of their typo
of animality. An inscct passes through phases wherein it can
scarcely bo distinguished from a worm : cchinoderms in their
carlicr slages resemble tho adult acaliphs (jelly-fish) and also
polsps (corals, sca anunones, ete.). in short, as Agassiz tells us,
cvery animal belenging to any of the higher groupa, during the
transformation by which it reaches the adult stage, yasses thmagh
modified conditions, in each of which it n=embles some heing of
its own type of the animal kingdom.

The facts of morphnlogy are equally signifieant. Why, unless
through common inlieritance, should all the vertebrata bo con.
structed on the samo type? Structurlly considered, man, elephant,
mouse, ostrich, humming-hird, torteiss, snake, frog, crendite,
halibut, herrieg, and shark, are but different moditications of one
common form. What can be mere curious than that the hand of
a man, formed for grasping, tbat of a mole for digging, the lex of o
horse, the paddle of the porpeise, and the wing of the bat, should
all be constructed on the same pattern, and should include similar
bones, in the samo velative situations?  Extemally there is hut
little s mblanes between the human hard and the hoof of a
horso: yet anatemy shows that the horse’s hoof is made wp of
claws or fingers £rmly soidered together.  Turning to tho annu-
losa, we find that all insscts and crustaceans—dragen-fiics and
mosuitoes a8 well a3 crabs and shrimps—aro compos-d of just
twenty segments.  What can be the meaning of this comnmunity
of structure ameng theso hundreds of thousands of species filling
the air, hurrowing in tho carth, swimming in tho water, creeping
about ameng the sea-weed, and having such encrmous differences
of size, ontline, and substance, that no community wonld bo s.s-
pected between them?  Why, under the down-coverod body of the
moth and under the hard wing-cascs of tho boetle, should thero bo
discovornd tho samo oumber of divisions ag in the calcaroous frame-



