THE DEBT OF SCIENCE TO DARWIN.

DARWIN'S STUDY.

THE great man so recently taken from us
had achieved an amount of reputation and
honor perhaps never before accorded to a
contemporary writer on science. His name
has given a new word to several languages,
and his genius is acknowledged wherever
civilization extends. Yet the very greatness
of his fame, together with the number, variety,
and scientific importance of his works, has
caused him to be altogether misapprehended
by the bulk of the reading public. Every book
of Darwin’s has been reviewed or noticed in
almost every newspaper and periodical, while
his theories have been the subject of so much
criticism and so much dispute, that most
educated persons have been able to obtain
some general notion of his teachings, often
without having read a single chapter of his
works, —and very few, indeed, except professed
students of science, have read the whole series
of them. It has been so easy to learn some-
thing of the Darwinian theory at second-hand,
that few have cared to study it as expounded
by its author.

It thus happens that, while Darwin’s name
and fame are more widely known than in the
case of any other modern man of science, the
real character and importance of the work he

did are as widely misunderstood. The best
scientific authorities rank him far above the
greatest names in natural science—above
Linnzeus and Cuvier, the great teachers of a
past generation—above De Candolle and
Agassiz, Owen and Huxley, in our own times.
Many must feel inclined to ask,—What is
the secret of this lofty preéminence so freely
accorded to a contemporary by his fellow-
workers? What has Darwin done, that even
those who most strongly oppose his theories
rarely suggest that he is overrated ? Why is it
universally felt that the only name with which
his can be compared in the whole domain of
science is that of the illustrious Newton ?

It will be my endeavor in the present
article to answer these questions, however
imperfectly, by giving a connected sketch of
the work which Darwin did, the discoveries
which he made, the new fields of research
which he opened up, the new conceptions of
nature which he has given us. Such a sketch
may help to clear away some of the obscurity
which undoubtedly prevails as to the cause
and foundation of Darwin’s preéminence.

In order to understand the vast and funda-
mental change effected by the publication of
Darwin’s most important volume—* The
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Origin of Species,”—we must take a hasty
glance at the progress of the science of natural
history during the preceding century.

Almost exactly a hundred years before
Darwin, we find Linnzus and his numerous
disciples hard at work describing and naming
all animals and plants then discovered, and
classifying them according to the artificial
method of the great master, which is still
known as the Linnzan System; and from
that time to the present day a large pro-
portion of naturalists are fully occupied with
this labor of describing new species and
new genera, and in classifying them according
to the improved and more natural systems
which have been gradually introduced. But
another body of students have always been
dissatisfied with this superficial mode of study-
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ing externals only, and have devoted them-
selves to a minute examination of the inter-
nal structure of animals and plants; and early
in this century the great Cuvier showed how
this knowledge of anatomy could be applied
to the classification of ammals according to
their whole organization ina far more natural
manner than by the easier method of Linnzeus.
Later on, when improved microscopes and
refined optical and chemical tests became
available, the study of anatomy was carried
beyond the knowledge of the parts and organs
of the body—such as bones, muscles, blood-
vessels, and nerves—to the investigation of
the tissues, fibers, and cells of which these are
composed ; while the physiologists devoted
themselves to an inquiry into the mode of
action of this complex machinery, so as to
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discover the use of every part, the nature of
its functions in health and disease, and, as far
as possible, the nature of the forces which
keep them all in action.

Down to the middle of the present century
the study of nature advanced ‘with giant
strides along these separate lines of research,
while the vastness and complexity of the
subject led to a constantly increasing spe-
cialization and division of labor among natu-
ralists, the result being that each group of
inquirers came to look upon its own de-
partment as more or less independent of all
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exists or ever has existed on the globe was
known to involve difficulties and contra-
dictions of the most scrious nature ; although
it was seen that many of the facts revealed
by comparative anatomy, by embryology, by
geographical distribution, and by geological
succession, were utterly unmeaning, and even
misleading, in view of it; yet, down to the
period we have named, it may be fairly stated
that nine-tenths of the students of nature un-
hesitatingly accepted it as literally true, while
the other tenth, though hesitating as to the act-
ual independent creation, were none the less
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the others: each seemed to think that any
addition to its body of facts was an end in
itself, and that any bearing these facts might
have on other branches of the study or on the
various speculations as to the “system of
nature ” or the “ true method of classification”
that had at various times been put forth, was
an altogether subordinate and unimportant
matter. And, in fact, they could hardly think
otherwise. For, while there was much talk of
the “ unity of nature,” a dogma pervaded the
whole scientific world which rendered hope-
less any attempt to discover this supposed
unity amid the endless diversity of organic
forms and structures, while so much of it as
might be detected would necessarily be spec-
ulative and unfruitful. ‘This dogma was that
of the original diversity and permanent sta-
bility of species, a dogma which the rising
generation of naturalists must find it hard to
believe was actually held, almost universally,
by the great men they look up to as masters
in their several departments, and held for the
most part with an unreasoning tenacity and
scornful arrogance more suited to politicians
or theologians than to men of science. Al-
though the doctrine of the special and inde-
pendent creation of every species that now

decided in rejecting utterly and scornfully the
views elaborated by Lamarck, by Geoffroy St.
Hilaire, and more recently by the anonymous
author of the “ Vestiges of Creation ”—that
every living thing had been produced by some
modification of ordinary generation from
parents more or less closely resembling it.
Holding such views of the absolute independ-
dence of each species, it almost necessarily
followed that the only aspect of nature of
which we could hope to acquire complete
and satisfactory knowledge was that which
regarded the speciesitself. This we could de-
scribe in the minutest detail ; we could deter-
mine its range in space and in time ; we could
investigate its embryology from the rudiment-
al germ, or even from the primitive cell, up
to the perfect animal or plant; we could learn
every point in its internal structure, and we
might hope, by patient research and experi-
ment, to comprehend the use, function, and
mode of action of every tissue and fiber, and
ultimately of each cell and organic unit. All
this was real knowledge, was solid fact. But,
so soon as we attempted to find out the
relations of distinct species to each other, we
embarked on a sea of speculation. We could,
indeed, state /fozr one species differed from
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another species in every particular of which
we had knowledge ; but we could draw no
sound inferences as to the reason or cause of
such differences or resemblances, except by
claiming to know the very object and mean-
ing of the Creator in producing such diversity.
And, in point of fact, the chief inference that
was drawn is now proved to be erroneous. It
was generally assumed, as almost self-evident,
that the ultimate cause of the differences in
the forms, structures, and habits of the organic
productions of different countries, was that
each species inhabiting a country was specially
adapted to the physical conditions that pre-
vailed there, to which it was exactly fitted.
Even if this theory had been true, it was an
unproductive ultimate fact, for it was never
pretended thatwe could discover any reason for
the limitation of humming-birds and cactuses
to America, of hippopotami to Africa, or of
kangaroos and gum-trees to Australia; and
we were obliged to believe either that these
countries possessed hidden peculiarities of cli-
mate or other conditions, or that this was
only one out of many unknown and unknow-
able causes determining the special action of
the creative power. All this was felt to be so
unsatisfactory that the majority of naturalists
openly declared that their sole business was to
accumulate facts, and that any attempt to
coordinate these facts and see what inferences
could be drawn from them was altogether
premature. In this frame of mind, year after
year passed away, adding its quota to the vast
mass of undigested facts which were accumu-
lating in every branch of the science. The
remotest parts of the globe were ransacked to
add to the treasures of our museums, and the
number of known species became so enormous
that students began to confine themselves
not merely to single classes, as birds or insects,
but to single orders, as beetles or land-shells,
or even to smaller groups, as weevils or butter-
flies. All, too, were so impressed with the
belief in the reality and permanence of species,
that endless labor was bestowed on the at-
tempt to distinguish them,—a task whose
hopelessness may be inferred from the fact
that, even in the well-known British flora, one
authority describes sixty-two species of bram-
bles and roses, another of equal eminence
only ten species of the same groups ; and it is
by no means uncommon for two, five, or even
ten species of one author to be classed as a
single species by another, All this time geolo-
aists had been so assiduously at work in the
discovery of organic remains that the extinct
species often equalled, and, in some groups—
as the Mollusca—very far exceeded those now
living on the earth, and these were all found
to belong to the very same classes and orders,
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and to form part of one great system. Much
attention was now paid to the geological suc-
cession of the different groups of animals,
which were found to exhibit a progressive ad-
vancement from ancient to recent times,
while the great breaks in the series between
distinet great geological formations were held
to show that the older forms of life had been
destroyed, and were replaced by a new cre-
ation of a more advanced organization suited
to the altered conditions of the world.

And thus, perhaps, we might have gone on
to this day, ever accumulating fresh masses of
fact, while each set of workers became ever
more and more occupied in their own depart-
ments of study, and, for want of any intelli-
gible theory to connect and harmonize the
whole, less and less able to appreciate the
labors of their colleagues, had not Charles
Darwin made his memorable voyage around
the world, and thenceforth devoted himself,
as so many had done before him, to a life of
patient research in the domain of organic
nature. But how different was the result!
Others have added greatly to our knowledge
of details, or have created a reputation by some
important work ; he has given us new concep-
tions of the world of life, and a theory which
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1s itself a powerful instrument of research;
has shown us how to combine into one con-
sistent whole the facts accumulated by all the
separate classes of workers, and has thereby
revolutionized the whole study of nature. Let
us endeavor to see by what means he arrived
at this vast result.

Passing by the ancestry and early life of
Darwin, which have been made known to the
whole reading public by countless biograph-
ical notices, we may begin with the first event
to which we can distinctly trace his future
greatness—his appointment as naturalist to
the Beagle, on the recommendation of his
friend and natural history teacher, Professor
Henslow, of Cambridge University. It wasin
1831, when Darwin, then twenty-two years of
age, had just taken his B. A., that he left Eng-
land on his five years’ voyage in the Southern
Hemisphere. 1t is probably to this circum-
stance that the world owes the great revolu-
tion in our conception of the organic world
so well known as the Darwinian theory. The
opportunity of studying nature in new and
strange lands; of comparing the productions of
one country with those of another ; of investi-
gating the physical and biological relations of
islandsand continents; of watching the struggle
for existence in regions where civilization has
not disturbed the free action and reaction

of the various groups of animals and plants
on each other; and, what is perhaps more
important still, the ample leisure to ponder
again and again on every phase of the phe-
nomena which presénted themselves, free from
the attractions of society and the disturbing ex-
citement of daily-association with contempo-
rary men of science,—these are the conditions
most favorable te- the formation of habits of
original thought, and the months and years
which at first sight appear intellectually
wasted in the companionship of uncivilized
man, or in the solitary contemplation of na-
ture, are those in which the seed was sown
which was destined to produce in after-years
the mature fruit of great philosophical con-
ceptions. Let us then first glance over the
“Journal of Researches,” in which are re-
corded the main facts and observations which
struck the young traveler, and see how far
we can detect here the germs of those ideas
and problems to the working out of which he
devoted a long and laborious life.

The question of the causes which have pro-
duced the distribution and the dispersal of or-
ganisms seems to have been with hima constant
subject of observation and meditation. At an
early period of the voyage he collected infu-
sorial dust which fell on the ship when at sea,
and he notes the suggestive fact that in sim-
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ilar dust collected on a vessel three hundred
miles from land he found particles of stone
above the thousandth of an inch square, and
remarks: “After this fact, one need not be
surprised at the diffusion of the far lighter and
smaller sporules of cryptogamic plants.” He
records many instances of insects occurring far
out at sea, on one occasion when the near-
est land was three hundred and seventy
miles distant. He paid special -attention
to the insects and plants inhabiting the
Keeling or Cocos, and other recently formed
coralline or volcanic islands; the contrast
of these with the peculiar productions of
the Galapagos evidently impressed him
profoundly ; while the remarkable facts pre-
sented by this latter group of islands brought
out so clearly and strongly the insuperable
difficulties of the then accepted theory of the
independent origin of species, as to keep this
great problem ever present to his mind, and,
at a later period, to lead him to devote himself
to the patient and laborious inquiries which
were the foundation of his immortal work.
He again and again remarks on the singular
facts presented by these islands. Why, he
asks, were the aboriginal inhabitants of the
Galapagos created on American types of o1-
ganization, though the two countries differ
totally in geological character and physical
conditions ? Why are so many of the species
peculiar to the separate islands? He “is
astonished at the amount of creative force, if
such an expression may be used, displayed in
these small, barren and rocky islands; and
still more so at its diverse, yet analogous
action on points so near each other.”

The variations which occur in species, as
well as the modifications of the same organ
in allied species,—subjects which had been
much neglected by ordinary naturalists,—were
constantly noted and commented on. He
remarks on the occasional blindness of the
burrowing tucutucu of the pampas as sup-
porting the view of Lamarck on the gradu-
ally acquired blindness of the aspalax ; on the
hard point of the tail of the trigonocephalus,
which constantly vibrates and produces a
rattling noise by striking against grass and
brushwood, as a clmr'tcter varying toward the
complete rattle of the raitlesnake ; on the
small size of the wild horses in the Falkland
Tslands, as progressing toward a small breed
like the Shetland ponies of the north ; and on
the strange fact of the cattle having increased
in size, and having partly separated into two
differently colored breeds. While collecting
the remains of the great extinct mammals of
the pampas, he was much impressed by the
fact that, however huge in size or strange in
form, they were all allied to living South
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American animals, as are those of the cave-
deposits of Australia to the marsupials of that
country; and he thereon remarks: ¢ This
wonderful relationship in the same continent
between the dead -and the living, will, I do
not-doubt, hereafter throw more light on the
appeatance of organic beings on our earth,
and their disappearance from it, than any
other class of facts.”

He also saw, at this early period, the im-
portant fact that there is some great and con-
stant check to the increase of wild animals,
though most of them breed very rapidly, and,
of course, would increase in a geometrical ratio
were some such check not in constant action,
He traces the comparative rarity of a species
to less favorable conditions of existence, and
extinction to the normal action of still more
unfavorable conditions, and compares the
destruction of a species by man and its ex-
tinction by its natural enemies as being phe-
nomena of the same essential nature. The
various classes of facts here referred to seemed
to him “to throw some light on the origin
of species— that mystery of mysteries, as it
has been called by one of our greatest phil-
osophers”; and he tells us that, soon after
his return home in 1837, it occurred to him

“that something might perhaps be made out

on this question by patiently accumulating
and reflecting on all sorts of facts which
could possibly have any bearing upon it.”
We know from his own statement that he
had already perceived that no explanation
but some form of the derivation or develop-
ment hypothesis, as it was then termed, would
adequately explain the remarkable facts of
distribution and geological succession which
he had observed during his voyage; yet he
tells us that he worked on for five years before
he allowed himself to speculate on the sub-
ject; and then, having formulated his pro-
visional hypothesis in a definite shape during
the next two years, he devoted fifteen years
more to continuous observation, experiment,
and literary research, before he gave to the
astounded scientific world an abstract of his
theory in all its wide-embracing scope and
vast array of evidence, in his epoch making
volume, “The Origin of Spécies.”

If we add to the periods enumerated above
the five years of observation and study during
the voyage, we find that this work was the
outcome of Zwenty-nine years of continuous
thought and Jabor, by one of the most patient,
most truth-loving, and most acute intellects
of our age. During all this long period only
a very few of his most intimate friends were
aware that he had departed from the then
beaten track of biological study, while the
great body of naturalists only knew him as a
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good geologist, as the writer of an interesting
book of travels, and the author of an admi-
rable monograph of the arrhipedia or barna-
cles, as well as of a most ingenious explanation
of the origin and structure of coral-reefs—a
series of volumes which were the direct out-
come of his voyage, and which gave him an
established reputation. Even when the great
work at last appeared, few could appreciate
the enormous basis of fact and experiment on
which it rested, until, during the succeeding
twenty years, there appeared that remarkable
succession of works which exhibited a sample
(and only a sample) of the exhaustless store
of materials and the profound maturity of
thought on which his early volume was
founded. From these various works, aided
by some personal intercourse and a coire-
spondence extending over twenty years, the
present writer will endeavor to indicate the
nature and extent of Darwin’s researches.

AvTHOUGH, as we have said, Darwin had
early arrived at the conclusion that allied
species had descénded from common an-
cestors by gradual modification, it long re-
mained to him an inexplicable problem how
the necessary degree of modification could
have been effected, and he adds: ¢ It would
thus have remained forever, had I mnot
studied domestic productions, and thus ac-
quired a just idea of the power of selection.”
These researches, very briefly sketched in
the first and parts of the fifth and ninth
chapters of the “ Qrigin of Species,” were
published at length (after a delay of nine
years, owing to ill health) in two large vol-
umes, with the title “ Animals and Plants
under Domestication ; ” and no one who has
not read these can form an adequate idea
of the wide range and thorough character
of the investigation on which every statement
or suggestion in the former work was founded.
The copious references to authorities show
us that Darwin must have searched through
almost the entire literature of agriculture and
horticulture, of horse and cattle breeding,
of sporting, of dog, cat, pigeon and fowl fan-
cying, including endless series of reviews,
magazines, journals of societies, and news-
papers, besides every scientific treatise bear-
ing in any way on the subject, whether
published in England, on the Continent, or
i America. The facts thus laboriously gath-
ered were supplemented by personal inquiries
among zodlogists and botanists, farmers, gar-
deners, sporting-men, pigeon-fanciers, travel-
ers, and any one who could possibly afford
direct personal information on any of the
matters he was investigating. Then came
his own observation and experiment, to fill
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up gaps, to settle doubtful points, or to de-
termine questions the importance of inquir-
ing into which no one had ever suspected ;
and lastly, there was the power of arrange-
ment and comparison, the originality and
depth of thought, which drew out from this
vast mass of heterogeneous materials conclu-
sions of the highest value as bearing on the
question of the possible change of species,
and the means by which it had been brought
about.

In order to determine the nature and
amount of the variability of domestic produc-
tions, he prepared skeletons of all the more
important breeds of rabbits, pigeons, fowls,
and ducks, as well as of the wild races from
which they are known to have been produced,
and showed, both by measurements and by
accurate drawings, that not only superficial
characters, but almost every part of the
bony structure varied to such an amount as
usually characterizes very distinct species or
even distinet genera of wild animals. Another
set of experiments was made by crossing the
differents breeds of pigeons and fowls which
were most completely unlike the wild race,
with the result that in many cases the off-
spring were more like the wild ancestor than
either of the parents. These experiments,
supported by a mass of facts observed by
other persons, served to establish the principle
of the tendency of crosses to revert to the
ancestral form; and this principle enabled
him to explain the interesting fact of the
frequent appearance of stripes on mules, and
occasionally on dun-colored horses, on the
hypothesis, supported by a mass of collateral
evidence, that the common ancestor of the
horse, ass, and zebrd tribe was a striped and
dun-colored animal.

A number of very important conclusions
were deduced from the facts presented by
domesticated animals and plants, a few of
which may be here referred to. For example,
it was proved that the parts most selected or
which had already most varied—as the tail in
fan-tailed pigeons, which has more tail-feathers
than any other of the eight thousand different
kinds of living birds,—were most subject to
further variation; and this showed that, when
once any part had begun to change, variations
became more abundant, thus furnishing ma-
terials to render still further change in the
same direction comparatively easy. This is
the secret of the rapid improvement of breeds
or races, and is equally applicable to the for-
mation of species by natural selection. Again,
it was found that in many cases, when much
variation occurred, there was a tendency to a
difference in the sexes which had not before
existed. This has been observed in sheep,
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in fowls, and in pigeons, and it is very inter-
esting as indicating the origin of that wonder-
ful diversity of sex which occurs in several
groups of animals. Another curious fact is
the correlation of parts which occurs in many
animals, such as the tusks and bristles of
swine, and the hair and teeth in some dogs,
both increasing or becoming lost together;
the beaks and feet of pigeons, both increasing
or diminishing together; the color and size
of the leaves and seeds changing simultane-
ously in some plants; and numerous other
instances which serve to explain some of the
peculiar characters of natural objects for which
we can discover or imagine no direct use.

The effects of disuse in causing the diminu-
tion of an organ was exhibited by careful
comparison and measurements of tame and
wild birds. The sternum, scapulee, and furcula
to which the muscles used in flight are at-
tached, are found to be diminished in domestic
pigeons, as were the wing-bones in domestic
fowls, the capacity of the skull in tame rabbits,
and the size and strength of the wings in silk-
worm moths. The evidence afforded by the
breeds of pigeons (which have been domesti-
cated for so many centuries and in so many
parts of the world) of the process of selection,
whether unconscious or methodical, is very
clearly set forth, and serves as a typical ex-
ample with which to compare the various
phenomena presented by allied species in a
state of nature; and in considering that evi-
dence he thus replies to some objections:

«T have heard it objected that the forma-
tion of the several domestic races of the
pigeon throws no light on the origin of the wild
species of the columbide, because their differ-
ences are not of the same nature. The domes-
tic races, for instance, do not differ, or hardly
at all, in the relative lengths and shapes of the
primary wing-feathers, in the relative length of
the hind toe, or in habits of life, as in roosting
and building on trees. But the above objection
shows how completely the principle of selec-
tion has been misunderstood. It is not likely
that characters selected by the caprice of man
should resemble differences preserved under
natural conditions, either from being of direct
service to each species, or from standing in
correlation with other modified and serviceable
structures. Until man selects birds differing
in the relative length of the wing-feathers or
toes, etc., no sensible change in these parts
should be expected. * * * With respect to
the domestic races not roosting or building in
trees, it is obvious that fanciers would never
attend to or select such changes in habits.”

Still more remarkable, perhaps, is the col-
lection of facts afforded by plants, which
can be so much more easily cultivated and
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experimented upon than animals, while the
general phenomena they present are strikingly
accordant in the two kingdoms. As an ex-
ample of the great mass of facts afforded by
horticulture, he records that three hundred
distinct varieties were produced, in the course
of fifty years, from a single wild rose (/fosa
spinosissima ). We find in these volumes enor-
mous collections of facts on bud-variation, or
the occurrence of changes in the flower or
leaf-buds of full-grown plants, from which
new varieties can be and often are produced ;
and, after a most full and interesting discus-
sion of the cases, it is shown that some are
probably due to reversion to an ancestral
form, others to reversion to one parent when
the plant has been derived from a cross, and
others, again, to that spontaneous variability
which seems to be the universal characteristic
of all living organisms.

Three very interesting chapters are then
devoted to the subject of inheritance, and a
host of strange and heretofore inexplicable
facts are brought together, compared, and
classified, and shown to be in accordance with
a few general principles. Then follow five
chapters on crossing and hybridism, perhaps
the most important in the whole work, since
they afford the clue to so much of the varied
structure and complex relations of animals
and plants. Notwithstanding the enormous
mass of facts and observations here given, the
portion relating to plants is often but an ab-
stract of the results of his own elaborate ex-
periments, carried on for a long series of
years, and given at length in three separate
volumes on “The Fertilization of Orchids,”
on “Cross and Self-Fertilization of Plants,”
and on “The Forms of Flowers.” These
works may be said to have revolutionized the
science of botany, since, for the first time,
they gave a clear and intelligible reason for
the existence of that wonderful diversity in
the form, colors, and structure of flowers, on
the details of which the systematic botanist
had founded his generic and specific distinc-
tions, but as to whose meaning or use he was,
for the most part, profoundly ignorant. The
investigation of the whole subject of crossing
and hybridity had shown that, although hy-
brids between distinct species usually pro-
duced sterile offspring, yet crosses between
slightly different varieties led to increased fer-
tility ; and, during some experiments on this
subject, Darwin found that the produce of
these crosses were also remarkable for vigor
of growth. This led to a long series of ex-
perimental researches, the general result of
which was to establish the important propo-
sition that cross-fertilization is of the greatest
importance to the health, vigor, and fertility
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of plants. The fact that the majority of flow-
ers are hermaphrodite, and appear to be
adapted for self-fertilization, seemed to be op-
posed to this view, till it was found that, in
almost every case, there were special arrange-
ments for mnsuring, either constantly or occa-
sionally, the transference of pollen from the
flowers of one plant to those of another of the
same species. In the case of orchids, it was
shown that those strange and beautiful flow-
ers owed their singular and often fantastic
forms and exceptional structure to special
adaptations for cross-fertilization by insects,
without the agency of which most of them
would be absolutely sterile. Many of the spe-
cies are adapted to particular species or
groups of insects, and can be fertilized by no
others; and careful experiment and much
thought was often required to find out the
exact way in which this was effected. In
some instances the structure of the flowers
seemed adapted to prevent fertilization alto-
gether, till it was at length discovered that a
particular insect entering the flower in one
particular way caused the pollen to stick to
some part of its body, which was always the
exact part which the insect, on visiting an-
other flower, would bring in contact with the
stigma, and thus fertilize it. These investiga-
tions explained a host of curious facts which
had hitherto been facts only without mean-
ing, such as the twisting of the ovary in most
of our wild orchids, which was found to be
often necessary to bring the flower into a
proper position for fertilization,—the exist-
ence of sacs, cups, or spurs, the latter often
of enormous length, but shown to be each
adapted to the structure of some particular
insect, and often serving to prevent other
insects from reaching the mectar which they
might rob without fertilizing the flower,—the
form, size, position, rugosities, or color of the
lip, serving as a landing-place for insects and
a guide to the nectar-secreting organs,—the
varied odors, sometimes emitted by day, and
sometimes by night only, according as the
fertilizing insect was diurnal or nocturnal, and
other characters too numerous to refer to here,
so that it became evident that every pecu-
liarity of these wonderful plants, in form or
structure, in color or marking, in the smooth-
ness, rugosity, or hairiness of parts of the
flower, in their times of opening, their move-
ments, or their odors, had its special purpose,
and was, in some way or other, adapted to
secure the fertilization of the flower and the
preservation of the species.

The next set of observations, on some of
our commonest English flowers of apparently
simple structure, were not less original and
instructive. The cowslip [ Primula veris) has
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two kinds of flowers in nearly equal propor-
tions: in the one the stamens are long and
the style short, and in the other the reverse,
so that in the one the stamens are visible at
the mouth of the tube of the flower, in the
other the stigma occupies the same place,
while the stamens are half way down the
tube. This fact had been known to Lotanists
for seventy years, but had been classed as a
case of mere variability, and therefore con-
sidered to be of no importance. In 1860
Darwin set to work to find out what it meant,
since, according to his views, a definite vari-
ation like this must have a purpose. After a
considerable amount of observation and ex-
periment, he found that bees and moths
visited the flowers, and that their probosces
became covered with pollen while sucking up
the nectar, and further, that the pollen of a
long-stamened plant would be most surely de-
posited on the stigma of the long-s#y/ed plants,
and vice versd. Now followed a long series
of experiments, n which cowslips were ferti-
lized either with pollen from the same kind
or from a different kind of flower, and the
invariable result was that the crosses between
the two different kinds of flowers produced
more good capsules, and more seeds in each
capsule ; and as these crosses would be most
frequently effected by insects, it was clear that
this curious arrangement dircctly served to
increase the fertility of this common plant.
The same thing was found to occur in the
primrose, and in many other species of Prim-
ulacee, as well as in flax (Linum perenne),
lungworts (Pulmonaria), and a host of other
plants, including the American partridge-berry
(Mitchella wepens). These are called dimor-
phic heterostyled plants.

Still more extraordinary is the case of the
common loosestrife ( Lyzhrum Salicaria ),which
has both stamens and styles of three distinct
lengths, each flower having two sets of sta-
mens and one style, all of different lengths,
and arranged in three different ways: (1)
a short style, with six medium and six long
stamens; (2) a medium style, with six short
and six long stamens; (3) a long style, with
six medium and six short stamens. These
flowers can be fertilized in eighteen distinct
ways, necessitating a vast number of experi-
ments, the result being, as in the case of the
cowslip, that flowers fertilized by the pollen
from stamens of the same length as the styles,
gave on the average a larger number of cap-
sules and a very much larger number of seeds
than in any other case. The exact correspon-
dence in the length of the style of each form
with that of one set of stamens in the other
forms insures that the pollen attached to any
part of the body of an insect shall be applied
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to a style of the same length on another
plant, and there is thus a triple chance of the
maximum of fertility. Some other species of
lythrum, of oxalis, and pontederia, were
also found to have three-formed stamens and
styles; and in the case of the oxalis, experi-
ments were made showing that crosses be-
tween flowers with stamens and styles of
unequal length were always nearly barren.
During these experiments twenty thousand
seeds of Lythrum Salicaria,were counted under
the microscope. For several years a further
supplementary series of experiments was car-
ried out, showing that the seeds produced by
the illegitimate crosses (as he terms them)
were not only very few, but, when sown, al-
ways produced comparatively weak, small, or
unhealthy plants, not likely to exist in compe-
tition with the stronger offspring of legitimate
crosses. There is thus the clearest proof that
these complex arrangements have the im-
portant end of securing both a more abun-
dant and more vigorous offspring.

Perhaps no researches in the whole course
of the study of nature have been so fertile in
results as these. No sooner were they made
known than observers set to work in every
part of the world to examine familiar plants
under this new aspect. With very few ex-
ceptions it is now found that every flower
presents arrangements for securing cross-fer-
tilization, either constantly or occasionally,
sometimes by the agency of the wind, but
more frequently through the mediation of in-
sects or birds. Almost all the irregularity and
want of symmetry in the forms of flowers,
which add so much to their variety and
beauty, are found to be due to this cause; the
production of nectar and the various nectar-
secreting organs are directly due to it, as are
the various odors and the various colors and
markings of flowers. In many cases flowers
which seem so simply constructed that the
pollen smusz fall on the stigma and thus pro-
duce self-fertilization, are yet surely cross-fer-
tilized, owing to the circumstance of the
stigma and the anthers arriving at maturity
at slightly different periods, so that, though
the pollen may fall on the stigma of its own
flower, fertilization does not result; but when
insects carry the pollen to another plant the
flowers of which are a little more advanced,
cross-fertilization is effected. There is literally
no end to the subjects of inquiry thus opened
up, since every single species, and even many
varieties of flowering plants, present slight pe-
culiarities which modify to some extent their
mode of fertilization. This is well shown by
the remarkable observations of the German
botanist Kerner, who points out that a vast
number of details in the structure of plants,
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hitherto inexplicable, are due to the necessity
of keeping away “unbidden guests,” such as
snails, slugs, ants, and many other kinds of
animals, which would destroy the flowers or
the pollen before the seeds were produced.
When this evident principle is once grasped,
it is seen that almost all the peculiarities in
the form, size, and clothing of plants are to
be thus explained—as thespines or hairs of
the stem and branches, or the glutinous se-
cretion which effectually prevents ants from
ascending the stem, the drooping of the
flowers to keep out rain or to prevent certain
insects from entering them, and a thousand
other details which are described in Kerner’s
most instructive volume. This branch of the
inquiry was hardly touched upon by Darwin,
but it is none the less a direct outcome of his
method and his teaching.

But we must pass on from these seduc-
tive subjects to give some indication of the
numerous branches of inquiry of which we
have the results given us in the “ Origin of
Species,” but which have not yet been pub-
lished in detail. The observations and experi-
ments on the relations of species in a state of
nature, on checks to increase and on the
struggle for existence,—were probably as nu-
merous and exhaustive as those on domesti-
cated animals and plants. As examples of
this we find indications of careful experiments
on seedling plants and weeds, to determine
what proportion of them were destroyed by
enemies before they came to maturity ; while
another set of observations determined the
influence of the more robust in killing out the
weaker plants with which they come into
competition. This last fact, so simple in itself,
yet so much overlooked, affords an explana-
tion of many of the eccentricities of plant
distribution, cultivation, and naturalization,
Every one who has tried it knows the diffi-
culty or impossibility of getting foreign plants,
however hardy, to take care of themselves in
a garden as in a state of nature. Wherever we
go among the woods, mountains, and mead-
ows of the temperate zone, we find a variety
of charming flowers growing luxuriantly amid
a dense vegetation of other plants, none of
which seem to interfere with each other. By
far the larger number of these plants will grow
with equal luxuriance in our gardens, showing
that peculiarities of soil and climate are not
of vital importance ; but not one in a thou-
sand of these plants ever runs wild with us, or
can be naturalized by the most assiduous
trials ; and if we attempt to grow them under
natural conditions in our gardens, they very
soon succumb under the competition of the
plants by which they are surrounded. It is
only by constant attention, not so much to
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them as to their neighbors,—by pruning and
weeding close around them so as to allow
them to get a due proportion of light, air, and
moisture, that they can be got to live. Let
any one bring home a square foot of turf
from a common or hill-top, containing some
choice plant growing and flowering luxuri-
antly, and place it in his garden, untouched,
in the most favorable conditions of light and
moisture, and in a year or two it will almost
certainly disappear, killed out by the more
vigorous growth of other plants. The con-
stancy of this result, even with plants removed
only a mile or two, is a most striking illustra-
tion of the preponderating influence of or-
ganism on organism, that is, of the struggle
for existence. The rare and delicate flower
which we find in one field or hedge-row, while
for miles around there is no trace of it,
maintains itself there, not on account of any
specialty of soil or aspect, or other physical
conditions being directly favorable to itself,
but because in that spot only there exists the
exact combination of other plants and ani-
mals which alone is not incompatible with its
well-being, that combination perhaps being
determined by local conditions or changes
which many years ago allowed a different
set of plants and animals to monopolize the
soil and thus keep out intruders. Such con-
siderations teach us that the varying combina-
tions of plants characteristic of almost every
separate field or bank, or hill-side, or wood
throughout our land, is the result of a most
complex and delicate balance of organic
forces—the final outcome for the time-being
of the constant struggle of plants and animals
to maintain their existence.

ANOTHER valuable set of experiments and
observations are those bearing on the geo-
graphical distribution of animals and plants—
a branch of natural history which under the
old idea of special creations had no scientific
existence. It is to Darwin that we owe the
establishment of the distinction of oceanic
from continental islands, while he first showed
us the various modes by which the former
class of islands have been stocked with life.
By a laborious research in all the accounts
of old voyages, he ascertained that none of
the islands of the great oceans very remote
from land possessed either land mammalia or
amphibia when first visited; and on exami-
nation it is found that all these islands are
either of volcanic origin or consist of coral
reefs, and are therefore presumably of com-
paratively recent independent origin, not
portions of submerged continents, as they
were formerly supposed to be. Vet these
same islands are fairly stocked with plants,
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insects, land-shells, birds, and often with
reptiles, more particularly lizards, usually of
peculiar species, and it thus becomes important
to ascertain how these organisms originally
reached the islands, and the comparative
powers different groups of plants and animals
possess of traversing a wide extent of ocean.
With this view Darwin made numerous ob-
servations and some ingenious experiments.
He endeavored to ascertain how long different
kinds of seeds will resist the action of salt
water without losing their vitality, and the
result showed that a large number of seeds
will float 2 month without injury, while
some few survived an immersion of one hun-
dred and thirty-seven days. Now, as ocean
currents flow on the average thirty-three
miles a day, seeds might easily be carried a
thousand miles, and in very exceptional cases
even three thousand miles, and still grow,
Again, it is known that drift-timber is often
carried enormous distances, and some of the
inhabitants of the remote coral-islands of the
Pacific obtain wood by this means, as well as
stones fastened among the roots. Now, Dar-
win examined torn-up trees, and found that
stones are often inclosed by the roots growing
around them so as to leave closed cavities
containing earth behind; and from a small
portion of earth thus completely inclosed, he
raised three dicotyledonous plants. Again, the
seeds that have passed through the bodies
of birds germinate freely, and thus birds may
carry plants from island to island. Earth
often adheres to the feet of aquatic and
wading birds, and these migrate to enormous
distances and visit the remotest islands, and
from earth thus attached to birds’ fect several
plants were raised. As showing the impor-
tance of this mode of transport, an experiment
was made with six and three-fourths ounces
of mud taken from the edge of a little pond,
and it was found to contain the enormous
number of five hundred and thirty-seven
seeds of several distinct species! This was
proved by keeping the mud under glass and
pulling up each plant as it appeared, and at
the end of six months the result was as given
above. It was also found that small portions
of aquatic plants were often entangled in the
feet of birds, and to these as well as to the
feet themselves mollusks or their eggs were
found to be attached, furnishing a mode of
distribution for such organisms. Experiments
were also made on the power of land-shells
to resist the action of sea-water; and we
have already referred to the observations on
volcanic dust carried far out to sea illustrating
the facilities for the wide extension by aérial
currents of such plants as have very minute
or very light seeds. This series of observa-
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tions and experiments, supplemented by those
of other observers, has been applied by the
writer of this article to explain in some detail
the remarkable phenomena presented by the
distribution of animals and plants over the
chief islands of the globe (* Island Life”).
The facts are of a character so anomalous
and apparently contradictory that, on the old
hypothesis of the special independent crea-
tion of each species, no rational explanation of
them could be found ; and we may fairly claim
that the clear and often detailed explanation
which can be given by means of the theories
and investigations of Darwin lend a powerful
support to his views, and go far to complete
the demonstration of their correctness.

Our space will not permit us to do more
than advert to the numerous ingenious ex-
planations and suggestions with which the
“ Origin of Species” abounds, such as, for
example, the strange fact of so many of the
beetles of Madeira being wingless, while the
same species, or their near allies on the con-
tinent of Europe, have full powers of flight ;
and that this is not due to any direct action
of climate or physical conditions is proved by
the equally curious fact that such species of
insects as have wings in Madeira have them
rather larger than usual. Equally new and
important is the Darwinian explanation of the
form of the bee’s cell, which is shown to be
due to a few simple instincts which necessa-
rily lead to the exact hexagonal cell with the
base formed of three triangular plates in-
clined at definite angles, on which so much
mathematical learning and misplaced admi-
ration have been expended; and this explana-
tion is no theory, but is the direct outcome
of experiments on the bees at work, as orig-
inal as they were ingenious and convincing.

We must, however, pass on to the great
and important work, “The Descent of Man
and Selection in Relation to Sex,” which
abounds in strange facts and suggestive ex-
planations ; and for the reader who wishes
to understand the character and bearing of
Darwin’s teachings, this book is the fitting
supplement to the “ Origin of Species” and
the ¢ Domesticated Animals and Plants.”
To give any adequate account of this most
remarkable book and the controversies to
which it has given rise, would require an arti-
cle to itself. We refer to it here in order to
point out what is not generally known, that
its publication was entirely out of its due
course, and was not anticipated by its author
three years before. In the introduction to
¢ Domesticated Animals” (published in 1868),
after explaining the scope of that work, he
told us that, in a second work, he should treat
of # Variation Under Nature,” giving copious
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facts on variation, local and general, on races,
sub-species, and species, on geometrical in-
crease, on the struggle for existence, with the
results of experiments showing that diversity
of forms enables more life to be supported on
a given area, while the extermination of less
improved forms, the formation of genera and
families, and the process of natural selection,
would be fully discussed. This work would
have given all the facts on which Chapters I1.
to V. of the “ Origin of Species” were founded.
In a third work he proposed to show, in de-
tail, how many classes of facts natural selec-
tion explains, such as geological succession,
geographical distribution, embryology, affin-
ities, classification, rudimentary organs, etc.,
etc., thus giving the facts and reasonings in
full on which the latter part of the ¢ Ori-
gin of Species” was founded. Unfortunately,
neither of these works has appeared, and
thus the symmetry and completeness of the
body of facts which Darwin had collected
have never been made public. The cause
is well known to have been the continued
pressure of ill-health. The work on ¢ Domes-
ticated Animals” was thus delayed many
years, after which came the labor of bringing
out a much enlarged edition of the ¢ Orgin
of Species.” The “ Descent of Man” was,
apparently, at first intended to be a compar-
atively small book, but a dlﬂlculty connected
with the origin of the distinctive peculiarities
of the two sexes led to an investigation of
this subject throughout the animal kingdom.
This was found to be of such extreme interest,
and to have such important applications, that
its development with the completeness char-
acteristic of all the writer's work led to the
production of two bulky volumes, followed
by another volume on the ¢ Expression of the
Emotions in Man and Animals,” not less
instructive. None of Darwin’s works has
excited greater interest or more bitter contro-
versy than that on man; and the correction
of the numerous reprints, and of a final en-
larged edition in 1874, was found to be so
laborious a task as to convince him that any
such extensive literary works as those pro-
jected and announced six years previously
must be finally abandoned. This, however,
by no means implied cessation from work.
Observation and experiment were the delight
and relaxation of Darwin's life, and he now
continued and supplemented those numerous
researches on plants we have already referred
to. A new edition of an earlier work on the
“ Movements of Climbing Plants” appeared
in 1875 ; a thick volume on ¢ Insectivorous
Plants 7 in the same year; ¢ Cross and Self-
Fertilization ” in 1846 ; the * Forms of Flow-
ers” in 1877 ; the “ Movements of Plants,”?
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embodying much original research, in 1880 ;
and his remarkable little book on “ Earth-
worms ” in 1881. This last work is highly
characteristic of the author. In 1837 he had
contributed to the Geological Society a short
paper on the formation of vegetable mold
by the agency of worms. For more than
forty years this subject of his early studies was
kept in view ; experiments were made, in one
case involving the keeping a field untouched
for thirty years,—and every opportunity was
taken of collecting facts and making fresh ob-
servations, the final result being to eclevate
one of the humblest and most despised of the
animal creation to the position of an important
agent in the preparation of the earth for the use
of the higher animals and of man.

The sketch now given of Darwin’s work
is in many respects imperfect, since it has
given no account of those earlier important
labors which would alone have made the rep-
utation of a lesser man, None but the great-
est geologists have produced more instructive
works than the two volumes of ¢ Geological
Observations ” and the profound and original
essay “On the Structure and Distribution of
Coral Reefs”; while the numerous researches
on the fertilization and structure of flowers
and the movements of plants would alone
place him in the rank of a profound and orig-
inal investigator in botanical science; the most
distinguished zotlogists and anatomists might
be proud of the elaborate ¢ Monograph of the
Cerripedia,” of which a competent judge says:

“The prodigious number and minute accuracy of
his dissections, the exhaustive detail with which he
worked out every branch of his subject—sparing no
pains in procuring every species that it was possible to
procure, in collecting all the known facts relating to the
geographical and geological distribution of the group,
in tracing all the complicated history of the metamor-
phoses presented by the individuals of the sundry
species, in disentangling the problem of the homolo-
gies of these perplexing animals, etc.—all combine
to show that, had Mr. Darwin chosen to devote him-
self to alife of morphological work, his name would
probably have been second to none in that depart-
ment of biology.” [*Nature,” Vol. 26, p. 9.]

Vet these works, great as is each of them
separately, and, taken altogether, amazing as
the production of one man, sink into insig-
nificance as compared with the vast body of
research and of thought of which the “Ori-
gin of Species ” is the brief epitome, and with
which alone the name of Darwin is associated
by the mass of educated men. I have here
endeavored, however imperfectly, to enable
non-specialists to judge of the character and
extent of this work, and of the vast revolution
it has effected in our conception of nature,—
a revolution altogether independent of the
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question whether the theory of ¢ natural
selection ” is or is not as important a factor
in bringing about changes of animal and
vegetable forms, as its author maintained.
Let us consider for a moment the state of
mind induced by the new theory and that
which preceded 1t. So long as men believed
that every species was the immediate handi-
work of the Creator, and was therefore abso-
lutely perfect, they remained altogether blind
to the meaning of the countless variations
and adaptations of the parts and organs of
plants and animals. They who were always
repeating, parrot-like, that every organism
was exactly adapted to its conditions and
surroundings by an all-wise being, were ap-
parently dulled or incapacitated by this belief
from any inquiry into the inner meaning of
what they saw around them, and were con-
tent to pass over whole classes of facts as in-
explicable, and to ignore countless details of
structure under vague notions of a * general
plan,” or of variety and beauty being “ ends
in themselves"”; while he whose teachings
were at first stigmatized as degrading or even
atheistical, by devoting to the varied phe-
nomena of living things the loving, patient,
and reverent study of one who really had fait/
in the beauty and harmony and perfection of
creation, was enabled to bring to light in-
numerable hidden adaptations, and to prove
that the most insignificant parts of the mean-
est living things had a use and a purpose, were
worthy of our earnest study, and fitted to excite
our highest and most intelligent admiration.
That he has done this is the sufficient an-
swer to his critics and to his few detractors.
However much our knowledge of nature may
advance in the future, it will certainly be by
following in the pathways he has made clear
for us, and for long years to come the name
of Darwin will stand for the typical example
of what the student of nature oughtto be. And
if we glance back over the whole domain of
science, we shall find none to stand beside
him as equals; for in him we find a patient
observation and collection of facts, as in
Tycho Brahe; the power of using those facts
in tlie determination of laws, as in Kepler;
combined with the inspirational genius of a
Newton, through which he was enabled to
grasp fundamental principles, and so apply
them as to bring order out of chaos, and il-
luminate the world of life as Newton illumi-
nated the material universe. Paraphrasing the
eulogistic words of the poet, we may say, with
perhaps a greater approximation to truth:

“Nature and Nature's laws lay hid in night;
God said, ‘Let Darwin be,” and all was light.”

Alfred R. Wallace.








