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2 NATURE STUDTES.

than to any other, the wideness of Darwin’s views as
a naturalist, and the noble generalisation with which
his name will in all future time be associated. The
voyage of the Beagle has been described by himself
in one of the most delightful works in tha English
language. The charm of foreign travel to a mind
imbued, as Darwin’s was, with a sense of the signifi-
cance of all Nature’s teachings, is graphically pre-
sented in the “Journal of Researchesinto the Geology
and Natural History of the Various Countries visited
during the Voyage of H.M.S. Beagle Round the
World.”

Returning home with shattered health, but with his
mind prepared to search successfully into the secrets
of Nature, Darwin was in no haste to propound crude
or immature speculations. The facts he had observed
seemed, he tells us, to “throw some light on the
origin of species—that mystery of mysteries, as it
has been called by one of our greatest philosophers.”
But fanciful in aginings were not the means by which
this light was to be concentrated. It would be well
if every one who desrcs to advance the interests of
science would bear in mind how our great naturalist
proceeded at this stage of his researches. It occurred
to me,” he says, ‘ that something might, perhaps, be
made out by patiently accumulating and reflecting
on all sorts of facts which could possibly have any
bearing on it.” Perhaps a few months might be
thought no unsuitable period within which to arrange
and systematise the observations which were available
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for Darwin’s purpose. But no.  After five years’
work,” he says, “ I allowed myself to speculate on the
subject, and drew up some short notes. These I
enlarged in 1844 into a sketch of the conclusions
which seemed to me probable.” But even then he
regarded his labours as only beginning. He was
engaged during many more years in steadily parsuing
the great object of his researches. Prevented by im-
paired health from working continuously for any
great length of time, he returned again and again to
his labours, affording, as Dr. Lankester has well re-
marked, “a noteworthy example of what difficulties
may be overcome by untiring zeal, great perseverance,
and a remarkable amiability and kindness of dis-

> During the interyal, too, which preceded

position.’
the publication of his ¢ Opus Magnum,” he published
many valuable contributions to scientific literature.
Among these may be specially mentioned his “ Mono-
graph of the Family Cirripedia ”—that is of the class
of animals to which the familiar barnacles and sea
acorns belong. It is strange now to find that this
work was spoken of 1n 1856 as that on which Darwin’s
future reputation would be founded. ¢ His great
work,” says his biographer in that year, “ and that on
which his reputation as a zoologist will doubtless
depend, is his “Monograph of Cirripedia.’ The ex-
cellent style, the great addition made to the E:s‘.isﬁing
knowledge of the family to which it is directed, and
the remarkable caution exercised by the author in
coming to his conclusions, render this work a model
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doctrines. A considerable time elapsed before the
general public would consent to inform themselves as
to the real nature of the thecory which they had been
all but unanimous in abusing. Yet of this seli-same
theory, Professor Huxley (who, from the beginning,
was one of its most earnest, eloquent, and laborious
advocates) said ten years later before the Royal In-
stitution of Great Britain, that so rapidly had it
established itself in favour, that he began to think 1t
would shortly require for its welfare a little healthful
_opposition. This would not be the place to discuss at
length ¢ the theory of natural selection (that is, of
the preservation of favoured races in the struggle for
existence).”” Presented briefly, it amounts to this,
that during a long course of descent, species, not only
of animals, but of plants, are modified by the selective
preservation of slightly varied forms, adapted some-
what better than their fellows to the circumstances in
which they are placed. How far this doctrine of the
modification of species extends, even Darwin himself
has not claimed to assert with confidence; but he
went very far. ‘I cannot doubt,”” he said, ¢ that the
theory of descent, with modification, embraces all the
members of the same class. I believe that animals
have descended from at most only four or five pro-
genitors, and plants from an equal or lesser number.”
He looked forward even farther, however. ¢ Analogy
would lead me one step further,” he said, “ namely,
to the belief that all animals and plants have descended
from some one prototype ; but this inference is chiefly
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whilst this planet has gone cycling on according to
the fixed law of gravity, from so simple a beginning
endless forms most beautiful and most wonderful have
been and are being evolved.”

In the “Origin of Species’ Darwin had not actnally
expressed his views as to the ancestry of man, though
he had left them to be very clearly inferred. It
seemed to me sufficient to indicate that by this work
“light would be thrown on the origin of man and his
history,”” for this implied that man “ must be in-
cluded with other organic beings in any general
conclusion respecting his manner of appearance on
this earth.” But in the ° Deseent of Man,” Darwin
dealt at length and boldly with that subject on
which he had hitherto deemed it well to be reticent.
He presented man as co-descendant with the catarhine,
or ““ down-nostrilled ” monkeys, from a hairy quad-
ruped, furnished with a tail and pointed ears, and
probably a climber of trees. Nay, he traced back the
chain of descent until he found, as the progenitor of
all the vertebrate animals, some aquatic creature pro-
vided with gills, hermaphrodite, and with brain,
heart, and other organs imperfectly developed. The
treatise in which this view is presented falls in
no respect behind Mr, Darwin’s other great work in
closeness of reasoning and grasp of facts. The
portion of the work—more than Dne—ha.lf—béaring on
sexual selection, if somewhat less satisfactory and
conclusive, forms yet a most important contribution
to the wide subject of the genesis of species. The



8 ATURE STUDIES,

closmg words of this treatise may fitly here be quoted.
After speaking of the distaste with which many
persons would probably regard his conclusions as to
the descent of man, and then touching on the hopes
which the advance of the human race in past ages
seems fairly to justify, he says we are mnot, however,
concerned ““with hopes or fears, but only with the
truth as far as our reason allows us to discover it.
I have given the evidence to the best of my ability,
and we must acknowledge, as it seems to me, that
man with all his noble qualities, with sympathy which
feels for the most debased, with benevolence which
extends not only to other men, but to the humblest
living creature, with his god-like intellect which has
penetrated into the movements and constitution of
the solar system—with all these exalted powers—man
still bears in his bodily frame the indelible stamp of
his lowly origin.”

After the publication of his first great worlk, Darwin
continued to gather evidence tending to strengthen
his theory. In 1662 he published his remarkable
work on the * Fertilization of Orchids;” and in 1867
his “ Domesticated Animals and Cultivated Plants, or
the Principles of Variation, Inheritance, Reversion,
Crossing, Interbreeding, and Selection under Do-
mestication.”” In 1872 Mr. Darwin published “ The
Expression of the Emotions in Man and Animals ;”
in 1875, ¢ Insectivorous Plants;’” in 1876, ¢ Cross
and Self-Fertilization in the Vegetable Kingdom ;”
and in 1877, ¢ Different Forms of Flowers in Plants
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of years belonging to the lifetime of a planet, the far
longer intervals measuring the duration of solar sys-
tems, and finally the etermities in which these periods
of time, vast though they seem, are utterly lost. But
with this widening of men’s conceptions as to space
and time, should have come also a widening of their
1deas respecting the operation of law, Within the
petty domains of space which they had surveyed, the
growth of a plant or an animal seemed naturally to
belong to the domain of development ; but wider and
grander processes of evolution seemed as far outside
men’s thoughts as the infinite star depths in which
modern science believes, or the vast periods of time
during which modern science sees that planets and
solar systems have existed. Newton taught men how
wide in space 1s the domain of law, and rightly under-
stood, what Newton taught should have shown men
how long also in fime last processes of development
according to fixed law. Yet precisely as men were
far readier to accept the doctrine of infinite (or practi-
cally infinite) space, than that of inconceivably vast
periods of time, so also were they far readier to be-
lieve in a law like that of universal gravitation, opera-
ting throughout regions of space practically without
limit, than to perceive (what this in fact implied) that
in time, as in space, the-domain of law must be to our
conceptions—Ilimitless.

It came, therefore, as a shock even to many of the
more thonghtful among us, when Darwin propounded
a law of Nature, less grand than Newton’s great law,
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I do not know whether the grandeur of the
universe, as pictured by Newtonian astronomy, or
the vastness of past and future time, as pictured by
the Darwinian system, is the more impressive. Cer-
tainly there can be imagined nothing much more
wonderful than those vast depths of space in which
we are absolutely compelled to believe since Newton
established the great law which bears his name. But
if there is aught grander than this, aught more solemn
In 1ts impressiveness, it is the thought of the immea-
surable vistas of past time, during which the races in-
habiting earth came into being under the action of the
laws assigned to them ; the still vaster time-intervals
belonging to the generation of systems of worlds ; the
periods so vast that we cannot regard them otherwise
than as infinite, during which not solar systems, but
whole galaxies of such systems, and systems of such
galaxies—nay, higher and higher orders of such sys-
tems, absolutely without end, as without beginning—
came into existence. '

That this widening of our conceptions of time as
of space, and thence the widening of our ideas as to
the domain of law, and consequently the recognition
of the infinitely perfect nature of the laws of the
universe (for only very excellent laws can work for
long, and only perfect laws can work for ever) should
have been regarded as antagonistic to religion in its
wider and nobler sense, can only be regarded as
resulting from the blindness, or the perversity, or the
wrong-headedness, of the ignorant. That some of
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the fancies of dogmatic religion, some parts of the
complex systems which the Rabbinistic type of erndi-
tion has invented in all religions, should seem incom-
patible with these developments of our knowledge
and still wider enlargements of our conceptio s, can
be understood. But that religion, in which all men
may (in which all reasoning mwen must) agree, has
been rendered infinitely grander—infinitely more im-
pressive by our new knowledge. It has also been
rendered infinitely more reasonable. Men had spoken
of God as Omnipresent and Almighty, but they had
assigned a mere point in space as his domain; they
had described him as Eternal, but they had recog-
nised his influence as existing for the merest second
of time; and finally they had in words attributed all
Wisdom to him, while in fact they had limited his
wisdom to the provision of laws capable of operating
but imperfectly, and for a brief period. Science
shows now the infinite domain of the Omnipresdnt,
its inconceivably vast duration, the perfection of the
laws which so rule it that they operate throughout all
space and all time. Yet a few who cannot raise their
eyes from this petty earth to the heavens, or extend
their thoughts to perceive the perfection of the laws
governing a universe for all time (as we know time)
find no nobler teaching in these grandest revelations
of science than that “God is set on one side in the
name of universal evolution.” It is as though men who
had observed but the working of a clock’s escapement
should regard the discovery of the train of wheels
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the ¢“ great cloud of witnesses” concerning the sur-
vival, often in least suspected form, of rude primitive
philosophies among the elaborated beliefs ot civilised
races.

The youngest and most vigorous of the sciences,
Anthropology, has already made us familiar with the
nature of a vast body of evidence, uniform in character,
unearthed from old river-valleys, caverns, mounds,
and tombs, witnessing to the primitive savagery of
man and his slow uprising therefrom; but such
evidence touches us only on the intellectual side.
Fven should desired skeletons of veritable men of
miocene times—still better, of the ‘“missing > homo
simius—turn up, we should yet be within the limits of
palzontology and zoology. Such relics of our remote
ancestry would remain specimens only—* a little less
than kin.”” It is not until the evidence from the Drift
and from surface remains (about which Knowledge
may hereafter tell its readers more in detail) gives
place to that supplied by immaterial relics—articulate
speech, myths which were for the time real, and
sufficing explanations to him—that man touches us
as fellow-man, as thinker,! striving to read ‘‘ the riddle
of the painful earth,” and to peer into the mysteries -
of being.

Now, for the purpose of this inquiry, it is needful
to have understanding of the mental condition of

1 “Man, a derivative root, means to think. From this we have
the Sanskrit manu, originally thinker, then man.”—Max Miiller’s
Lect. Lang. 1., 437.
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races in low stages of culture, and, generally, it may
be said that the modern savage is, as the primitive
savage was, in a state of “ fog >’ concerning the nature
and relation of what is in the mind to what is outside
it. In this he may perchance command the sympathy
of the modern philosopher, there being this important
difference between the two, that while thie philosopher
speculates upon the nature of the connexion between
his mind and the external world, and confesses that
“his knowledge of matter is restricted to those
feelings of which he assumes it to be the cause,” the
savage has no capacity for such thought at all. He
has nothing in his slender stock of words corre-
sponding to the terms ““ objective * and ‘‘ subjective ; ”’
that stock has mo substantive verb “to be’’ — as,
indeed, few of the languages of the world have ever
had. He cannot distingnish between an idea and an
object, an illusion and a reality, a substance and its
image or shadow ; and under bodily ailment, indiges-
tion born of gorging, or deliritum caunsed by starving,
gives shape and substance, a “local habitation and a
name,” to “airy nothings,” spectres of diseased or
morbid imagination. Misled by superficial resem-
blances, he jumps at the most absurd conclusions ;
ignorant of the necessary relation between cause and
effect, he is ‘“carried about with every wind of ”’
fancy ; nor has he the capacity, which is the measure
of intellectual growth, to strip. the special of its
accidents, and sink it in the general.

For example, he gives a different name to the tails
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the memory, and they are strong of head and heart,
““true peptics who have no system,” as Carlyle says,
whose awakened consciousness is not affected by the
harmonious or discordant, the painful or pleasant,
illusions which have composed their dreams. But
while for us they fill an empty moment in the telling,
albeit now and again causing “ eerie” feelings, and
quickening such remains of superstition as slumber in
the majority of us, they are to the untrained intelli-
gence of the savaze as solid as the experiences of his
waking moments, true not only ‘“ while they last,” but
for ever afterwards. And the limits of his langnage
only deepen the confusion within him when he tells
what he has seen, and heard, and felt, and whither he
has been. For the speech cannot transcend the
thought, and therefore can represent neither to him-
self nor to his hearers the difference between the
illusions of the night and the realities of the day.
The dead relations and friends who appear in dreams
and live their old life; with whom he joins in the
battle or the chase ; with whom, the toils over, he sits
down to feast, not, like the Psalmist, in the presence’
of his enemies, but upbn succulent slices of the enemies
themselves; the foes with whom he struggles, the
wild beasts from which he flees, or in whose grip
he feels himself, and, shrieking, awakens his
squaw ; the long distances he travels to dreamlands
beyond and .-above—are all real, and no “ baseless
fabric of a vision.”” The belief is strengthened
by that intensified form of dreaming called “ night-
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in a double existence. Besides that waking self of
which the savage is hazily conscious, there must be
another self, which, roaming the world while the body
1s ab rest, sees and does the things dreamed. Waking,
the savage knows, or will be told, that whatever his
dreams reveal to the contrary, he has not moved from
the place where he lay down; therefore it is that
ghost-soul—that other self—which has been away on
the strange or familiar errand. And such belief in
another self—in the body, yet at times not of it—is
confirmed by daily experience. There are the suspen-
sions of consciousness witnessed 1n swoon, apoplexy,
catalepsy, and other forms of insensibility. Then
there are the phenomena of shadows and retlection,
actual existences to the savage, mocking doubles of
himself. The shadow accompanies, goes before, or
follows him by sunlight and by moonshine, disap-
pearing mysteriously only when they are withdrawn
or intercepted. Still more complete in its mimiecry is
the reflection of himself—the 1mage repcating every
gesture, while perchance, as he stands shouting by
the stream, the echo of his voice 1s thrown back from
the hill-side, and adds confirmation to his notion of
duality. How else can man at low stages of thinking,
ignorant of the laws that govern the reflection of
both sound and light, interpret the shadow and the
echo? Hence it is that we find the word for “shadow”’
chosen to express this other self in both barbaric and
civilised speech, from the dialects of both North and
South American and African tribes, to the classic and
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untrained intelligence in different ages among different
races on corresponding levels of culture, and therefore
to the underlying unity of our race. This we shall
realise only as we realise that the laws of mind, liks
those of matter, are uniform, and approximately cal-
culable in their operation; the phenomena of one
interrelated and interdependent as are the phenomena
of the other, and equally the subjects of observation
and comparison, if not by identical methods, yet on
like principles.

It would be an interesting and informing chapter
in the history of the illusions through which man has
made continuous, and as yet unaccomplished, passage
to the truth, to show how belief in indwelling spirits,
of fitful habit and varying form, was enlarged to belief
in souls in the lower animals, in plants, and in lifeless
things, from stars to stones; how the phantasms of
the brain have filled earth, sea, and sky with spirits
mmnumerable, from white-winged celestials to the
degraded ghosts of haunted houses.- But this would
be an undue extension of the subject, for the com-
pleteness of which some reference must be made to
the part played by dreams as supposed media of com-
munication between gods and men, and as monitions
of coming events.

The awe and wonder excited in the savage mind by
waving trees and swirling waters, by drifting cloud,
whistling wind, and stately march of sun and moon—
all invested by him with personal life and will—were
immensely quickened by his dreams. In their unre-
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clearly survivals from the lower culture, its lineal and
thinly-disguised descendants. For the savage, the
bard, and the theologian lived in days when the con-
ception of orderly sequence was unthinkable to them ;
where the arbitrary act was wrought, the isolated or
the conflicting influence manifest, there the deity or
the devil was present ; while for us, could we discover
where law is not, thence God would seem to have
withdrawn.

The passage from the ernde interpretation of his
dreams by the savage to the formal elaboration of the
dream-oracle is obvious, the more so as this latter was
only one of many modes by which it was sought to
divine the will of heaven, and read that “book of
fate ”” hidden from men. This dream-lore, as ancient
records far back to Accadian times show, not ounly
called into existence a class of men whose position as
interpreters of royal and other dreams ensured them
commanding place, but gave rise to a mass of literature
most prolific in classic times, It maintained an almost
canonical supremacy down to the Middle Ages, finding
its befitting level in our day in the * Libri dei Sogni ”.
which the Italian lottery-gambler consults, and in
the ““Imperial Dream-Book’’ by which the English
domestic forecasts whether King Cophetua or Police-
sergeant X 32 is to be her fate !

At this nether depth, Science, content with having
gshown the persistence of primitive modes of thinking
in all subsequent interpretation of his own nature by
man ; finding its evidence and the warrant of its con-
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clusions in that human experience which the sources
of our knowledge cannot transcend ; may well let the
matter rest. It need nob concern itself with denials
that dreams have been sent as warnings from Heaven
to man; this were as foolish as to take pains to dis-
prove the existence of ghosts, or to seriously challenge
the predictions in Zadkiel’s Vox Stellarum. Science
need not argue; it explains; and to such matters
explanation is death. For the changes which reve-
lation of the order of nature and the establishment of
that doctrine of continuity, which has no “favoured-
nation ”’ clause for man, involve, will bring about, in
quiet and unmourned, the departure of belief in
dreams as omens or warnings, just as they have
brought about the decay of belief in witcheraft and
astrology.

HONEY ANTS.

BY GRANT ALLEN.

Tae Garden of the Gods in Colorado is a bit of show-
scenery of the true American type—a green amphi-
theatre, studded with vast ledges and cliffs of red
sandstone, weathered here and there into chimneys or
pillars, in which a distorted fancy traces some vague
resemblance to the sculptured forms of the Hellenic
gods. Hither, a few years since, Dr. MecCook, of
Philadelphia, went on his way to New Mexico, where
he wished to study the habits and manners of a
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famous, little-known insect, the honey ant. To his
surprise, he accidentally stumbled here upon the very
creatures he had set out to find. There are two kinds
of entomologists : one kind, now, let us hope, rapidly
verging to extinction, sticks a pin through his speci-
mens, mounts them in a cabinet, gives them. system-
atic names, and then considers that he has performed
the whole duty of a man and a naturalist ; the other
kind, now, let us hope, growing more usual every
day, goes afield to watch the very life of the creatures
themselves at home, and tries to learn their habits
and customs in their own native haunts. Dr. McCook
belongs to the second class. He forthwith pitched
his tent (literally) in the Garden of the Gods, and
proceeded to study the honey ants on the spot.

Like many other ants, these little honey-eaters are
divided into different castes or classes; for besides
the primary division into queens or fertile females,
winged ants or males, and workers or neuters, the
last-named class is further sub-divided into three
castes of majors, minors, and minims or dwarfs. Buot
the special peculiarity which gives so much interest
to this species is the fact that it possesses, apparently
at least, a fourth caste, that of the honey-bearers,
whose abdomen is distended till 1t is almost spherical
by a vast quantity of nectar stored within it. Dr.
McCook opened several of the nests, and found these
honey-bearers suspended like flies from the ceiling,
to which they clung by their legs and appendages.
All over the vaulted dome of the ant-hill, these little



HONEY ANTS. 27

creatures werve clustered in numbers, their yellow
bodies pressed tight to the roof, while their big
round stomachs hung down behind from the slender
waist, perfect globes of translucent tissue, showing
the amber honey distinctly through the distended
skin, They looked like large white currants, or
‘sweet-water grapes; and as they were actually filled
with grape-sugar, the resemblance was really quite as
true inside as ount.

Where did the honey come from? That was the
next question. Kverybody knows that ants are very
fond of sugar, and they often steal the nectar in
flowers which the plant has put there to entice the
fertilising bee. So much damage do they do in this
way, that many plants have clothed their stalks with
hairs, or sticky glands, on purpose, in order to pre-
vent the ants from creeping up the stem and rifling
the nectary. In other cases, however, plants actually
lay by honey to allure the ants, when they have any-
thing to gain from their visits, as in the case of those
Central American acacias, mentioned by Mr. Belt,
which have a nectar-gland on the leaf-stalk to attract
certain bellicose ants, which so protect them from
the ravages of their leaf-cutting congeners. Of
course, everybody has heard, too, how our own
species sucks honeydew from the little aphides, or
plant-lice, which have often been described as ant-
cows. But it is not in either of these ways that the
honey-ants get their sugar. Dr. McCook had a little
trouble in settling this matter at first, for the honey-
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ants are a nocturnal species, and he had to follow
them through the thick scrub, lantern in hand ; still,
he satisfactorily settled at last that they obtain the
nectar from the galls cn an oak, where it must simply
be exuded as an accidental product of injury. The
workers take it home with them, and give it to the
honey-bearers, who swallow but do not digest it.
They keep it in their crops ready for use, exactly as
bees kecp it in cells of the honey-comb. When the
workers are hungry they caress a honey-bearer with
their antennae, whereupon she presses back a little of
the nectar up her throat, and the workers sip it from
her mouth. The honey-bearers, in short, have been
converted into living honey-jars. They are thus pas-
sively useful to the commumity, for in this curiously-
ordered commonwealth “they also serve who only
stand and wait.”

How could such a strange result as this have been
brought about ? Dr. McCook, though not himself an
avowed evolutionist, has supplied us with facts which
seem to suggest the proper answer to this difficult
~question. He has shown that the rotunds (as he calls
them) are not, in all probability, a separate caste, but
are merely certain specialised individuals taken at
haphazard from the worker-major class. He him-
self saw in the nests many worker - majors, which
seemed at that moment actually in course of trans-
formation into honey-bearers. Now, it is easy enough
to understand why these social insects should wish to
store up food against emergencies. At all times, the
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qneen, the young female ants, the males, and the
orubs or larve are entirely dependent upon others
for support. Hence, alilke among bees and ants,
stores of food are habitually laid by, sometimes in
the form of dhoney in combs and bee-bread, as with
the hive-bee; sometimes in the form of seeds and
grains, as with the harvesting ants. During the
winter months or the rainy season, when food fails
outdoors, there must be some reservoir at home to
meet the demand of the starving community. Under
such circumstances, any trick of manner which tended
to produce a habit of storing food would be highly
uscful to the nest as a whole; and taking nests as
units in the struggle for existence, which they really
are, those nests which possessed any such trick would
survive in seasons when others might perish. So the
tendency, once set up, would grow and be strengthened
from generation to generation, those ants which stored
most food being most likely to tide over bad times,
and to hand on their own peculiarities to the other
swarms or nests which took origin from them.

A set of primitive ants, living upon the honey of
the oak-galls, have no tendency to produce wax, like
bees, because their habits with regard to their larvee
do not lead them to make such cells at all. The eggs
and grubs simply lie about loose amongst the cham-
bers of the ant-hill, instead of being confined in
regular hexagonal cradles. Hence the bees’ mode of
honey-storing is practically impossible for them : they
have not the groundwork habit from which it might
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be developed. But the ants have a crop, or first
stomach, in which they store their undigested food,
before passing it into the gizzard, exactly as in fowls.
When ants come back from feeding, whether on
flowers, on aphides, or on galls, their crops are very
much distended ; and they can bring back the food
to their mouths from these distended crops, to supply
the grubs and their other helpless dependents in the
nest, If therefore some of the ants were largely to
over-eat themselves, they would be able to feed an
exceptionally large number of dependants.

Dr. McCook observed that some very greedy
workers, returning to the nest, fastened themselves
upon the roof in the same position as the honey-
bearers, and in fact seemed gradually to grow into
rotunds. The other ants would soon learn that such
lazy, overgrown creatures were the best to go to for
food ; and, in time, these gorgers might easily become
specialised into a honey-bearing set of insects. The
workers would bring them honey, which they would
store up and disgorge as needed for the benefit of
the rest as a whole. If the honey passed into their
gizzards and was digested, they would be a positive |
dead loss to the community, and so the tendency
would soon be eliminated by natural selection, because
the nests possessing such workers could not hold
their own in bad times against neighbouring com-
munities. But as only a very small quantity i1s ever
digested—just as much as is necessary to keep up the
sedentary life of such immovable fixtures—the effect
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COLOURS OF ANIMALSR.

BY DR. ANDREW WILSON, F.R.S.E.
THERE 1s a suggestive passage in Butler’s “ Hudibras,”
which maintains that—

“ Fools are known by looking wise,
As men find woodcocks by their eyes.”

And if the axiom be correct, that a poet is only great
when he 1s true to nature, 1t must be admitted that
Butler has been singularly felicitous in this metaphor.
Whoever has seen a woodcock in its ordinary summer
plumage may form a good idea of the truth of the
poetic remark. As that bird moves about amongst
the fallen leaves of autumn, the greys and browns
and yellows of its feathers mingle so beautifully with
the like tints of its surroundings, that the animal is
absolutely concealed from any view but the practised
eye of the sportsman. As has been remarked of the
bird in question, even the very conspicuous and orna-
mental tall becomes hidden from view in a most
singular fashion. Below, these tail-feathers exhibit
a white colour tinted with a silver sheen and marked
with a deep black. Nothing more conspicuous than
such an ornament can well be 1imagined; yet the tail
and 1its belongings are, nevertheless, wonderfully con-
cealed. For, as the bird reposes, these under lines
and tints are placed downwards; and above, the
ashen-grey tints mingle perfectly with the bird’s
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snrroundings. As the woodcock, therefore, rests amid
its background of wood and foreground of fallen
Jeaves, every line of its plumage is made to assimilate
so closely with the objects around, that the bird’s
presence, even a short distance off, is not suspected.
The woodcock i1s by no means alone in this har-
mony betwixt its plumage and its surroundings. The
sand-grouse of the deserts, for instance, exhibit a like
harmony. These birds cannot be detected, even as
they run, amidst the sand of their haunts, so closely
imitated in the dull tints of their plumage is the tone
of the desert wild. 'The well-known case of the ptar-
migan is even more extraordinary still. In summer
the bird shows a plumage of pearly grey, which con-
ceals it perfectly as it lies on its bed of Scottish heather,
mingled with the lichen and its kith and kin. But
when the winter snows descend and coat the hill-sides
with a mantle of white, then a kindly nature still con-
trives concealment for the ptarmigan in a fresh suit
of colour. The pearly greys of the summer are
replaced by a plumage of snowy whiteness, and,
save for its dark eye, there is little risk of the dis-
covery of the bird by the unwary or unpractised
sportsman. The grouse and common partridge are
not less perfectly protected. The hues of the grouse
match the tints of the heather, and the partridge is
almost as difficult to discover—say, in a ploughed
field—as the ptarmigan on the hill-side. The birds
Just mentioned are all rasorial birds; that is, they are
allied to the type of the common fowl, and are typi-
D
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excitement of the sport consists in the endeavour to
follow out the axiom of Mrs. Glasse, and on the prin-
ciple which that worthy lady laid down about “ first
catching your hare,” to first catch your flounder.
You cautiously and softly paddle out to shallow water
in your punt, and you drift over the flat, sandy beach
at a depth of from two to three feet. Below, the
water is as clear as crystal. Here and there you see
a lazy starfish on the march, exerting himself to the
utmost, as he slowly extends ray after ray, and crawls
at the rate of about a mile a month or so, by aid of
his hundreds of sucker-feet. The sand-eels annoy you
as they burrow downwards and send up little clouds of
dust on your approach; but the flounders you came
to spear—where are they ? and echo seems but to
answer “ Where ¥’ But the practised sportsman bids
you learn (as in all other sciences and arts) the first
lesson—namely, how to see and observe. As your
boat creeps along, he points to what seems a mere
sandy lump, but in which his keener eye has detected
the merest wriggle of a fin. Dash! goes the spear,
and up comes a flounder, and as you watch the ground,
you see dozens, it may be, of similar sandy patches
swimming off in rapid alarm. The flounder’s ““ back,”
—it is really the side of the fish,—on which it lies is
white enough, as we know ; but the “other side” is
as close a representation of a sandy patch as you
can either see or imagine. Small wonder then that
in flounder-spearing you experience the difficulties

which nature throws in the way of capture through
D 2
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likeness in colour to the animal’s surroundings. Tt is
the same with soles, turbot, and with the skates and
angel-fishes, Watch the first flounder you see resting
on the sandy bed of the Aquariam-tank, and you will
receive ample proof of the truth of the foregoing
remarks. And should you chance to see the lazy
“monk,” or angel-fish, as it lies prone, heavy, and
indolent in the highest degree in the flow of its tank,
you may again understand something of the value of
colour as a means of protection to animal life.

In the case of those “ queer fishes,” the little sea-
horses, or hippocampi, with heads like horses, and
with a body which, at large, reminds one most
forcibly of some figure from the Heralds’ College on
a crest, concealment is effected in a slightly different
fashion from that prevalent among the soles. Here
the body, as a rule, possesses long streamers or fringes
that mimic the seaweeds; so that, as the animal
reposes, its body may well enough represent a stone,
to which are attached fragments of marine vegetation.
The Australian sea-horses, which live among red sea-
weeds, have streamers of that hue attached to their
bodies, and the mimicry and imitation of their sur-
roundings are thus very complete. Even their near
neighbours, the pipe-fishes, with green bodies, when
they fasten themselves to some fixed object, and
“Joll” in the water, may closely resemble an inert
piece of green weed.

Amongst even the highest animals, protective
colouring is common, A lion’s hue matches the sand,
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as a tiger’s stripes, according to Mr. Wallace, imitate
very closely the foliage and trees amidst which it
crouches. The camel’s coat is sandy like its desert ;
and the rabbits offer as plain examples as any of the
colour-harmony in question. The polar bear is white,
like the arctic fox in winter dress; and the nocturnal
rats and moles are dressed in shades the opposite of
the ghost-like hues that become so conspicuous at night.
But, descending to still lower grades of life, we may

> not omly of

discover examples of this “mimicry,’
surroundings, but also of lifeless or inorganic objects,
and of, it may be, plant structures as well, on the part
of animals. The so-called “stick insects,” or ‘““walking
twigs,” as they are often called—the Plhasmide of the
naturalist—present us with the most perfect reproduc-
tions of bits of dried twigs. A figure of one of these
insects is before me as I write. It is represented
climbing on the delicate branch of a shrub, and but
for the expectation of what one 1s looking for, there
would be considerable difficulty in determining which
is insect and which plant. The bodies of these “twig
insects ”’—which belong, by the way, to the Orthoptera,
or that order which harbours the familiar erickets and
grasshoppers—are represented by mere lines. The
- wings have disappeared, and it has been remarked,
that in their gait these insects exhibit a peculiar habit
of using their legs in a singularly awkward fashion,
and thus apparently aid the illusion of the spectator
that he is regarding a dried twig, moved erratically
by the wind.
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More extraordinary still are the ““leaf insects ” ;
near allies, indeed, of the walking-sticks.”” Here
“‘mimicry ”” of the plant proceeds so far as to fully
Justify the eminent mnaturalist’s remarks, that it is
strange to find the animal assuming a mimetic dis-
guise and apeing the actor’s art. The wings in the
““leaf insects ” exactly imitate leaves. The venation,
or arrangement of the veins in the leaf, is clearly seen,
and in one form (Phyllium) even the chest and legs of
the animal assume leaf-like characters. When such
an insect rests amid foliage, the value of such a close
resemblance to its plant surroundings as a means of
protection can be readily understood. In some “leaf
msects ’—all of which are tropical species—the wings
resemble leaves that are dried and withered. In
others, the minute fungi that attack leaves are
imitated. Mr. A. R. Wallace tells us that one of the
““ walking-sticks » obtained by him in Borneo “was
‘covered over with foliaceous excrescences of a clear
olive-green colour, so as exactly to resemble a stick
grown over by a creeping moss or Jungermannia.
The Dyak who brought it me assured me it was
grown over with moss, thongh alive, and 1t was only
after a most minute examination that I could convince
myself that it was not so.”

Lastly, there may be noticed in connexion with
these curious traits of animal life, the fact that certain
animals, themselves harmless and inoffensive, may
assume the exact appearance of offensive neighbours.
In this respect, certain butterflies ave facile principe.
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Certain South American butterflies, known collectively
nnder their family name of Heliconide, exhibit a bril-
~ liant colouration, but likewise possess a very strong
odour; and, it may be presumed from the sequel, a
highly disagreeable taste as well. They are highly
conspicuous insects, and the under sides of their
wings are as brilliantly coloured as the upper surfaces ;
so that, even in repose, and when resting with the
wings apposed over the back, they are readily
enough seen. Their colours are prominent, not to say
cgaudy. Yellows, reds, and whites commingle with
blacks, blues, and other tints in a striking fashion.
They are, further, by no means rapid flyers, and,
putting the foregoing circumstances of their gaudy
colour and their slow movements together, no group
of animals would seem more liable to the attacks of
bird-enemies than these Helicon butterflies. Yet the
reverse is the case. So far from being decimated,
their race flourishes apace, and this result is clearly
due to the strong odour and nauseous taste they
possess. The mere touch of a Helicon is in itself a
pungent matter, which reminds one of nothing so
much as the persistence of the musk-rat’s secretion, or
the still more awful efluvium of the American skunk.
Their neighbour butterflies may fall victims by the
score to the rapacity of their feathered enemies, but the
Helicons are spared from even the semblance of attack.

So far there seems nothing unusual or striking in a

group of butterflies being protected, through strong
odour and worse taste, from their natural enemies,
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the birds. DBut now comes the most curious phase of
this history. Another and distinet family of butter-
fhes, known as the Leptalide, allied to the common
white cabbage butterfly, and removed from the Heli-
cons, also possesses representatives in South America.
There are mo points of agreement between the Lep-
talides and the Helicons, save, indeed, that both are
butterflies. Furthermore, the Leptalides are entirely
destitute of the nauseous odour and of the strong
taste of the Helicons, and in respect of their more
agreeable presence, should become a prominent
article—as do other butterflies—in the bill of fare
of the birds. Yet, strangely enough, the Leptalides
escape persecution}, and the reason is not far to seek
or difficult to find. When they are carefully examined,
certain species of the Leptalides are seen to be exact
facsimiles, in colour and appearance, of the stinking
Helicons! Naturahists at first classed both as He-
licong, until a closer examination showed the differ-
ence between these butterflies, and likewise proved
that the Leptalides had thus “mimicked” in the
plainest possible manner the colours of their strong-
smelling meighbours. Nor are the ‘colours alone
imitated. The very shape of the Helicon’s wings is
reproduced in those of the Leptalides, and the
“ feelers ”’ likewise mimie those of the former group.
Again, special forms of Leptalides ‘mimic” special
forms of Helicons. The flight has become of similar
character in both species, and the habits bave been
also slavishly copied.
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Such instances as these certainly present *“food for
thought” to the reflective mind. It is the business
of philosophy to account for facts by placing the facts
in scientific juxtaposition—philosophy, in this light,
is the thread upon which the pearls of knowledge are
strung. What, then, it may be asked, 1s the philo-
sophy which can explain the curious resemblances
seen in the animal world, ranging from, say, a mere
likeness in tint to the surroundings (as in the flounder
or woodeock), throungh more intensified likenesses, to
the exact ‘ mimicry” and to the slavish copy of
colour and form, as in the butterflies ?

A first and highly-important feature in the con-
sideration of the case 1s found in the fact that there is
a gradation in the degree of “mimicry.”” From the
mere sand or ground tinting of the flounder to the
exact colouring of the butterflies is, of course, a wide
step, but it is one which is bridged over by inter-
mediate examples and stages. Then, secondly, we
discover a purpose or use in the disguises : that pur-
pose, apart from any considerations of its origin,
being the protection of the animal from its enemies,
and the consequent good and increase of its race.
Thirdly, it appears possible to account for these
curious transformations and disguises by finding an
initial step. It is the old story of le premier pas qui
coiite, applied to natural history research; and this
first step is found in the solid axiom, that every living
species is liable to wariation and change. Next suc-
ceceds the consideration that such varieties as are
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daisy-plant, root and all, with my cane; and when
one comes to luok closely atits structure, the seeret of
its success in life is not difficult to decipher. In the
first place, there are the leaves. These we seldom
notice when we are examining a daisy, because they
are -80 very retiring and unobtrusive. They lie flat
upon the ground, in a small, round, spreading rosette,
pressed as tightly as possible against the soil beneath.
T'hat 1s one of the tricks by means of which the daisy
secures 1itsell a place in the world. It grows gene-
rally in open pastures and comwmons covered with
grass ; and as the grass tends always to raise its tall
blades as high as possible, the daisy might easily be
overshadowed by that powerful competitor. Now,
there are two ways in which different plants living in
such circumstances can avoid being elbowed out of
existence. One way i1s by sending up taller and
bigger leaves than the grasses, so as to intercept the
air and sunlight; and this is the plan adopted by such
weeds as dock, burdock, coltsfoot, and some plantains.
As a rule, however, such tactics can only be followed
by plants which possess a reserve fund of food-stuffs
laid by in their roots or stocks, for otherwise the
young leaves would be choked and starved before they
could grow high enough to overtop the competing
grasses. Or, to put it more definitely, those kinds
alone have succeeded in this way which happened to
develope both large leaves and rich reserves of starch
at one and the same time. The second plan is that
followed by the daisy, the hoary plantain, and many
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different explanations elsewhere. The forms of leaves,
indeed, are among the most difficult problems of
botany, and 1t must not be supposed that we can
account for them all at once by a single simple and
easy formula. One might as well ask why the rabbit
1s not as big as the red deer, or why the fox is smaller
than the lion. Hach fills 1ts own niche in nature; so
each has been developed into exact correspondence
with that particular niche and no other. And different
means often subserve exactly the same end. The
fleetness of the hare is produced by quite other
adaptations than the fleetness of the stag; the
foliage of the daisy succeeds by being compact and
rounded, the foliage of the buttercup by being cut up
imto numerons small divergent segments. In short,
whatever accidental habit happens to give a plant or
animal any advantage in the struggle for existence is
perpetuated in its descendants, and gradunally perfected
by natural selection, and thus the most diverse means
often lead up in the long run to the same end.

The reason why the daisy is able to send up buds
and blossoms at a moment’s notice seems equally
clear. The buds are always lying by in readiness
close to the little perennial tufted stock. I cut it
down the middle with my pocket-knife, and see, in
the centre of the tuft, there are two or three unopened
flower-buds even now lurking unseen and waiting for
their turn to appear. Practically speaking, the daisy
is an evergreen, for it always has green leaves upon it
all the year round; and these green leaves are per-
petually engaged, summer and winter, in manufacturing
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these petals showed a tendency to coalesce, and as
this tendency proved useful to the plant, by more
certainly securing its fertilisation by insects, it rapidly
grew through survival of the fittest into a fixed habit,
not only of the daisy, but of all the great group of
flowers to which it belongs. The reason why the
tubular shape is more useful than the arrangement
with five spreading petals becomes clear enough if we
recollect that the insect has to thrust its proboscis
down to the bottom of the tube, past the pollen-
bearing stamens and the sensitive pistil, in order to
reach the tiny drop of honey concealed within. In
doing so, a little of the pollen naturally adheres to his
proboscis, and is then brushed off against the sensi-
tive surface of the next blossom which he visits, so as
thus to impregnate and fertilise its seed. To this
day, however, the daisy still retains a reminiscence of
the distant period when 1t possessed five separate
petals ; for each of the central florets has a vandyked
edge of five points, these points being the last repre-
sentatives of the original distinct flower leaves in its
remote progenitors.

The tubular arrangement is common to many
flowers besides the daisy family ; but the daisies and .
their allies have carried their development one step
further than the rest, for they have learnt to collect
several tiny blossoms together into a single compact
head, and thus to bid for the attention of inseects far
more powerfully than they could do in single display.
More than that, in the daisy itself, and one or two
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A POISONOUS LIZARD.
¢ BY DR. ANDREW WILSON, F.R.8.E., F.L.S.

TrE possession of a poison-apparatus is by no means
a-common event in the animal world; although, in-
deed, very diverse animals are possessed of offensive
means of this kind. Low down in the animal scale we
find the jelly-fishes, sea-anemones, and their neigh-
bours, possessing these curious stinging organs called
‘““thread-cells,” the virulence of which many an un-
wary bather has experienced to his cost. Each thread-
cell is really a minute bag, tensely filled with fluid,
and containing, coiled up in its interior, a thread
or filament. When, from any cause—as by pressure,
for example—the cell is ruptured, the fluid escapes,
and if the thread and fluid together come in contact
with the tissues of any animal liable to be affected, the
animal in question will be paralysed, or even killed.
In this way the Hydra, or “fresh-water polype,”
captures its prey; and even in the lower deeps of
the animal world (as amongst the Infusoria, for
example), these thread-cells appear to be represented.
Higher up in the animal series, we come upon the
poison-apparatus of insects, carried in their tails, as
also is the “sting ** of the scorpion. The centipede’s
poison-fangs are situated, on the contrary, in 1ts
mouth. Amongst the shell-fish, or Molluscs, no poison-
secretions oceur, In fishes, as the lowest Vertebrates,
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The class of lizards is well known to be related to
that of snakes by many ties of structural kinship.
Both are groups of the reptilian class, and we find cer-
tain lizards (e.g., the harmless blind-worm of Britain,)
which may be as destitute of legs as any snake.
No lizard, until quite recently, was known to be
poisonous, or to possess any structures suggestive of
the possession and manufacture of a poisonous secre-
tion. Horrible, ungainly, and ugly as many lizards
are, no fear of evil consequences could have been ex-
perienced in handling them, and naturalists would
have given a very decided negative to any inquiry
respecting the existence of a poison-secretion in the
lizard group. DBut as it is the umexpected which
happens proverbially in political and social life, so
zoolog.cal existence has been startled by the news
that a truly poisonous lizard has at length been dis-
covered.

This reptile is named the Heloderma horridwm, and
hails from the neighbourhood of Puebla. 1t 1s, there-
fore, a denizen of the New World, and has found 1ts
way to the reptile-house in the London Zoo’ through
the kindness of Sir John Lubbock. The traditions of
the lizard are, it appears, unfavourable, if its Indian
character is to be believed. The natives appear to
regard it as a malignant deity, and are said to endea-
vour to propitiate the supposed evil power by the
offer of sacrifices to the lizard-god. When first brought
to London, the reptile was regarded as an interesting
example of a rave species of lizard. Like the rest of
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upon the virulence of the poison, Heloderma was made
to bite a frog and a guinea-pig. The frog died in one
minute, and the guinea-pig in three. The virus re-
quired to produce these effects must be of singularly
acute and powerful nature. It is to be hoped that no
case of human misadventuro at the teeth of Heloderma
may happen. There can be no question, judging from
the analogy of serpent-bite, that the poison of the
lizard would affect man. The sacrifice of a guinea-pig
and a frog may be, and most probably will be, cited
by rabid anti-vivisectionists as a cruel experiment.
Sensible persons will apply another term to the test
whereby the virulence of the lizard was established, and
humanity thereby placed on its guard. Forewarned
18 forearmed, whether we consider the case of a
burglarions attack on our premises or the bite of a
lizard,

BIRDS WITH TEETII.

BY THOS. FOSTER.

In the year 1861 a feather was found in a slab of
lithographic stone from Solenhofen, which Hermann
von Meyer assigned to an animal as yet not otherwise
known, which he called Archeopterye lithographica.
Later in the same year, a large portion of the skeleton
of Archmopteryx was discovered in the same forma-
tion. There were impressions of feathers radiating
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that of a true perching bird, but from the fanwise
and rounded arrangement of the wing-feathers, it
would appear to have been a bird of feeble flight.”
Without entering further into the peculiarities of
this creature, we note that while a few naturalists
were doubtful as to its being really a bird, the majority
were very confident that i1t was so. Professor Owen,
in particular, pointed out that in one respect in which
it differed most from modern birds it resembles the
embryonic bird., Its tail-bones diminished gradually
to the last, whereas in modern birds, the last vertebra
of the tail is almost always the largest. But, said
Owen, “ All birds in their embryonic state exhibit the
caudal vertebra distinct, and in part of the series [of
embryonic changes] gradually decreasing in size to
» The two-fingered and free
condition of the wing-hand, that is of what corre-
sponds to the hand in the bird’s fore-limbs (which
Owen pleasantly described as ¢ the biunguiculate and
less confluent condition of the manus”’), he did not

the pointed end one.

account for in the same way as a feature of an em-
bryonic bird ; but in some modern species the forward
wing-finger supports a claw, and the Screamer has
two claws. All who at that time examined the fossil
agreed that in all probability the creature had a beak
like a bird.

But Mr. John Evansnoticed somewhat later (besides
a rounded mass which he took for part of the brain-

pan, with a cast of the brain) what he regarded as a
fossil jaw, on the slab on which lies the fossil body of
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was written that a jaw armed with teeth could belong
to a creature manifestly bird-like, that many supposed
the jaw belonged to some fish, though the jaws and
teeth of fossil fishes from the same bed were found to
be unlike this. Hermann von Meyer, referring to
the drawings sent to him by Mr. Woodward, said
that he knew of no teeth of the kind in the litho-
graphic stone ; nor were the teeth like those of Ptero-
dactyles (the great reptiles with bat-like wings). “An
arming of the jaw with teeth would contradiet the
view of the Archaopteryx being a bird or an em-
bryonicl form of bird. But, after all,”” he proceeds,
“1I do not believe that God formed his creatures after
the systems devised by our philosophical wisdom. Of
the classes of birds and reptiles, as we define them,
the Creator knows nothing, and just as little of a
prototype or of a constant embryonic condition of the
bird which might be recognised in the Archaopteryx.
The Archaopteryx is, of its kind, just as perfect as
other creatures, and if we are not able to include this
fossil animal in our system, our shortsightedness is
alone to blame.” '
Probably the theory that the Archaopteryx had
teeth would still be regarded as little better than an

! The word embryonic is here used with reference to the species,
not to the individual. It signifies a form which ereatures of the
species presented before the type of the species had become, as
it were, distinct and established. Traces of such past forms of a
species are recognisable in the embryonic development of later
representatives of the species.
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tions, however, were not teeth, but merely tooth-like
extensions of the horny covering of the beak. The
teeth of the Ichthyornis and Hesperornis, as is shown
by the smaller figure (showing a tooth, and, within it,
a tooth forming to take its place) were unmistakably
teeth. It does not take away from their dental cha-
racter that they were set in a groove in Hesperornis
and Archeopterys, instead of in separate sockets, as in
higher-toothed races and in Ichthyornis.

It should be added that Professor Marsh has
examined the specimen of Archeopleryz in the British
Museum, and fully satisfied himself that it belongs to
the class of toothed birds. ¢ The teeth seen on the
same slab with this specimen agree so closely with
the teeth of Hesperornis, that” he “identified them
at once as those of birds, and not fishes.”

He describes the leading characters of the ancestral
bird in the following terms:—‘In the generalised
form to which we must look for the ancestral type of
the class of birds, we should expect to find the following
characters: Teeth in grooves; vertebra biconcave”
(that is, the bones of the backbone shaped somewhat
as we see them in fish) ; ““ breastbone without a keel ;
tail longer than the body; bones of the hand and
wrist, as also those of the foot, free ; the bones of the
pelvis separate; the sacrum’ (or hind bone of the
velvis) “formed of two vertebrae; four or more toes
directed forward ; feathers rudimentary or imperfect.”

If we consider the circumstances under which,
according to the theory of evolution, the race of birds












66 NATURE STUDIES,

seem that the number of showers diminished simul-
taneously with the cutting of the trees. The average
rainfall has not diminished, however, and with an
annual rainfall of 118 inches the Fijians may be well
satisfied, especially as the rain falls most abundantly
during the warm or summer season, when vegetation
most requires it. It was absolutely necessary, more-
over, to clear the forest region, for the thick woods
afforded shelter to the mountaineers, who, on several
occasions, appeared in large numbers, and threatened
to sack the town and murder the white settlers.
“ These maranders came from Lasoni, in the centre of
Ovalan, just across the mountains from Levuka; stole
down upon the town, plundered the goods of the
settlers, and then made off into the woods, where it
was useless and dangerons to follow them.” Unfor-
tunately, since the woods were cleared the rain falls
more torrentially than before, and carrying away the
loose soil on the surface, where the ground 1s steep,
does great damage to both soil and vegetation. '
The Fiji islands number in all 255, having an entire
area of about 7,403 square miles, or about 738,350
acres. The largest island of the group, Vili Levu, has
an area 4,112 square miles, while the next i size,
Vau na Levu, has an area of 2,432% square miles.
The others are all much smaller. About eighty of
the islands are inhabited, the white population being
about 2,000 (in 1874), the ‘natives numbering about
140,500. As regards communication with the outside
world, Fiji is not badly off. Twenty-four hours after
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derives all its energy or motive-power from the sun.
The green leaf is the organ upon which the rays act.
In its cells the waves of light propagated from the
sun fall upon the carbonic acid which the leaves drink
in from the air, and by their disintegrating power,
liberate the oxygen while setting free the carbon, to
form the fuel and food-stuff of the plant. Side by
side with this operation the plant performs another,
by building up the carbon thus obtained into new
combinations with the hydrogen obtained from its
watery sap. From these two elements the chief con-
stituents of the vegetable tissues are made up. Now
the fact that they have been freed from the oxygen
with which they are generally combined gives them
energy, as the physicists call it, and, when they re-
combine with oxygen, this energy is again given out
as heat, or motion. In burning a piece of wood or a
lump of coal, we are simply causing the oxygen fo
re-combine with these energetic vegetable substances,
and the result is that we get once more the carbonic
acid and water with which we started. But we all
know that such burning yields not only heat, but also
visible motion. This motion is clearly seen even in
the draught of an ordinary chimney, and may be
much more distinctly recognised in such a machine as
the steam-engine.

At first sight, all this seems to have very little con-
nexion with hyacinth bulbs. Yet, if we look a little
deeper into the question, we shall see that a bulb and
an engine have really a great many points in common.
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do but little active work on their own account, After
the hyacinth has flowered, the bulb is reduced to an
empty and flaccid mass. of watery brown scales.
Among all the lily kind, such devices for storing up
useful material, either in bulbs or in the very similar
ﬂrgans known as corms, are extremely common. As
a consequence, many of them produce unusually large
- and showy flowers. Even among our native English
lilies we can boast of such beautiful blossoms as the
fritillary, the wild hyacinth, the meadow-saffron, and
the two pretty squills; while in our gardens the tiger
lilies, tulips, tuberoses, and many others belong to
the same handsome bulbous group. Closely-allied
families give us the bulb-bearing narcissus, daffodil,
snowdrop, amaryllis, and Guernsey lily ; the crocus,
gladiolus, iris, and corn-flag; while the neighbouring
tribe of orchids, most of which have tubers, probably
produce more ornamental flowers than any other
family of plants in the whole world, Among a widely-
different group we get other herbs which lay by rich
stores of starch, or similar nutritious substances, in
thickened underground branches, known as tubers;
such, for example, are the potato and the Jernsalem
artichoke. Sometimes the root itself is the store-
house for the accumulated food-stuffs, as in the dahlia,
the carrot, the radish, and the turnip. In all these
cases, the plant obviously derives benefit from the
habit which it has acquired of hiding away its reserve
fund beneath the ground, where it is much less likely
to be discovered and eaten by its animal foes. For
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OUR UNBIDDEN GUESTS.

LY DR. ANDREW WILSON, F.R.S.E.

Tae fact that in most animals there may reside, as
‘“ guests,” within unconscious or unwilling ““ hosts,”
certain other animal forms, is, of course, widely known.
These animal ““ guests >’ form the “ parasites ”” of the
natural historian. But, althongh the fact of their
existence 1s known, the general history of even the
commonest parasites 1s a matter concerning which the
general public are, as a rule, lamentably ignorant.
I say ““ lamentably,”” and I mean what I say. A vast
amount of disease, and that of a preventible nature,
is caused by the carelessness of man in the preparation
of his food. This carelessness is, in its turn, founded
upon gross ignorance, for there are not a few persons
who believe that parasites come, like Dogberry’s
reading and writing, by nature, and that they are
part and parcel of an animal’s constitution. That
this opinion 1s very far removed from the true state of
matters can easily be shown. It is perfectly provable
that animals were not created with the parasites
infesting them as we find them to-day. Common
sense forbids such a supposition, and the organised
common sensc we cail “ science ** shows us that the
reverse is the case. All parasites are acquired, and
' > This alone is provable by the
facts of parasite-development. There is a bag-like
parasite called Sacculina, for instance, which attaclies

¥ 1 13
not original ‘ guests.
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50 to speak—who “ dine out,” but who repose within
the anatomical establishment of a “ host.” This is
the case with certain little fishes, which choose the
very ““jaws of the lion” as a dwelling-place, since
they appear to live in the interior of certain big
tropical sea-anemones. These fishes may be seen to
swim in and out of the anemone’s mouth, and they
may be enclosed within the anemone’s body when
that animal contracts itself, and yet swim free and
unharmed out of the mouth when these flower-like
animals once more resume their normal and expanded
state. Here, then, there is mere ““ association;”” but
it is in some such association that the beginnings of
pure parasitism have originated. Suppose the case of
an animal which, at first merely ‘“lodger,” took to
feeding upon the tit-bits secured by its host for home
consumption. The “lodger,” in such a case, would
practically become a “ boarder”” as well. But nature
has a law as fixed as the edicts of the Medes and
" Persians, called the ““law of disuse.”” This law enacts
that whatever structures or organs of living beings
are not normally used, will waste and tend to disappear.
It is the operation of this law which has caused the
two outer toes of our horse to grow “ small by degrees
and beautifully less,” until they now appear as the
“ splint bones”” on each side of the single toe upon
which the horse walks. And applying this law to the
case of the animal lodger, we see how an animal which
does not require to move about when resident within
another animal will lose its organs of motion. If it
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from the damp meadows, or from the water iizelf,
the sheep obtain these little beings. Once within
a sheep’s stomach, each Cercaria seems to waken up
to 1ts ultimate destiny. It dropsits tail, and bores its
way through the tissues of the sheep towards the liver,
where i1t soon appears as the young fluke, which will
develop eggs that will repeat its own curious history.
The most notable fact, however, of this development
1s that if a sheep swallowed the egg of the fluke, no
development would ensue. The egg requires to pass
through 1ts water-snail stage, ere the sheep can obtain
the new fluke.

It 1s much the same with the tapeworm tribe as
with the fluke. The common tapeworm of man
(T'wnia Solium) consists of a very minute ‘“head,”
attaching itselt by suckers and hooks to man’s in-
testines ; of a slender ““meck,”” and of hundreds of
““joints.”  KEach “jomt’ is really a semi-independent
animal ; wnd the tapeworm is therefore a compound
animal, and presents us with a colony of similar beings.
A large tapeworm may measure 20 or 30 ft.; and new
joints are continually being “budded’” out from the
head and neck. Hence the physician can never be sure
that he has cured a case of tapeworm until he has seen
the head and neck of the animal. If a man swallowed
the egg of a tapeworm, he would not be infested
thereby. The young worm has to pass its early life
in the body of another warm-blooded animal; and in
the case of a common tapeworm, it is * the gintleman

that pays the rint,”” which acts the part of nurse or
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lawful habitat. Fach attaches itself to the lining
membrane of the human intestines, and each by a
process of budding produces joint after joint, until
man 18 presented with his matured “ guest,”

If we tabulate matters thus, the history of the tape-
worm will become clear :—

('Stage 1. The egg derived from parent )
tapeworm of man.
» 2. Swallowed by the pig ; de- ;
veloping. { Passed in
156 Fipochis » 3. The “Resting Tarva,” or r - the
cystic worm, in the pig’s | P'8 38 host.
muscles, and forming
“measly ” pork. 4
[, 4. Swallowed by man. 7
sy . Development of the head and ;
9nd Epoch.< neck, and attachment to L P]T;Edasm
man’s intestine.
sy 6. The production by budding thio hoss.
of the adult worm. ]

=

As alast piece of parasite biography, we may glance
at the history of a form which now and then attracts
the notice of even Imperial Parhament itself. This
form is the famous Twichina, which acquires an un-
enviable notoriety, in that it may, unlike the tape-
worm race, cause the death of its “host.”” Fach
trichina is a minute worm, coiled, in its immature
condition, within a little sack or bag, which in numbers
may be found again in the muscles of the pig. Where
the pig gets its trichinee from is hardly certain, but
rats are believed to be the sources of supply for the
pig race. In the muscles of the pig each trichina is, as
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the parasitic horde may not merely be destroyed, but
may even contribute in a microscopic way, to human
nutrition,

THE FIRST DAFFODIL.

Arrer watching it closely for four or five days, I
have just found the first daffodil of the season wide
open this morning, with a big humble-bee buried
deep in its capacious throat, already rifling its little
store of nectar, and dusting his body and legs with
pollen which he will promptly carry away to fertilise
one of its pretty sisters in some neighbouring garden.
Though I have watched 1t like a child, I could not
resist the childish temptation of picking it, and I
have got it here before me now for dissection, poor
thing, with my little pocket-knife, though it does not
need much of a magnifying power to see all that need
be seen of its structural arrangements. It is only a
common wild English daffodil : the ““ daffy-down-dilly
who came up to town in a yellow petticoat and a
green gown,”’ as the old nursery rhyme has it; and
it has been simply transplanted hither from the
meadow beyond the bourne; but it is as gay and
bright a blossom as one could wish to see, for all that,
besides being full of genuine scientific interest for
those who care to look at it aright. Let me cut it
straight down through the middle, so, and then you
will understand better what it is driving at.
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so forth ; while the typical flower of the secoud class
has only three of each. In the course of time, how-
ever, this original difference has become greatly
masked ; for many flowers of the first kind have lost
one or two of their petals or stamens, by coalescence
or otherwise; while many flowers of the second class
have doubled their numbers in one part or another.
Nevertheless, 1n most cases, we can even now trace,
in some way or other, the steps which connect the
existing form with its primitive ancestor; and it is
still true that the two types are broadly marked off
from one another, as the five-rayed and the three-
rayed forms respectively. '

Now, the daffodil is a very advanced and highly-
modified development of the three-rayed type. The
artificial family to which it belongs in the present
somewhat irrational arrangement of flowers is that of
the amaryllis kind ; but we shall understand it better
if we look first at its near neighbours of another
family, the iris and crocus group. These plants in
some of their modifications, such as the common

=

yellow flag, are very simply three-fold in their
ground-plan. There are three seed-cells to the pistil
in the centre ; then there are three stamens outside
them ; next, there are three petals; and, last of all,
there are three large spreading sepals in the outermost
’whorl. But in the crocus, the three petals and three
sepals are indistinguishable, and have coalesced into
a single tube, so that the flower seems to have a
united corolla of six lobes. Now, in the amaryllis
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of three cells, produced by the union of the three
originally separate pieces; but with this exception,
all its parts now appear to be in sixes rather than in
threes. There are six pollen-bearing stamens, pro-
duced by doubling the original three ; and there are
six lobes to the corolla, produced by the coalescence
of the three petals with the three sepals, so as to form
a single united tube. The object of this coalescence
is easy enough to understand. As in the harebell,
the daisy, and so many other flowers, it has been
effected by the selective agency of humble-bees and
other insects, like the one whom I found buried so
deeply in its throat this morning. The tubular form,
with its stamens hanging out from the side, ensures
the fertilisation of the flower much better than the
system of open petals; and so it has been brought
about by the fact that any variation in that direction
was unconsciously favoured by the insects, while
variations the other way were universally neglected.
But while many other plants have hit upon this same
device of coalescence, few have carried it so far as
the daffodil. In the first place, the tube in the five-
rayed flowers is formed out of the petals alone ; but in
the three-rayed flowers, the petals are too few in
number to make a sufficiently wide tube, and so the
sepals or calyx-pieces are joined with them in pro-
ducing the desired result. Thus we can trace a
gradual progress from flowers like the iris and snow-
drop, where the sepals are distinctly different from
the petals, through flowers like the wild hyacinth,
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know that those travellers told the truth. The first
account of the giraffe was laughed to scorn, and it
was satisfactorily proved that no such creature counld
possibly exist. The gorilla would have been jeered
out of existence but for the fortunate arrival of a
skeleton of his at an early stage of our acquaintance
with that prepossessing cousin of ours. Monstrous
cuttle-fish were thought to be monstrous lies, till the
Alecton, in 1861, came upon one, and captured its
tail, whose weight of forty pounds led naturalists to
estimate the entire weight of the creature at four
thousand pounds, or mnearly a couple of tons. In
1873, again, two fishermen encountered a gigantic
cuttle in Conception Bay, Newfoundland, whose arms
were about thirty-five feet in length (the fishermen
cut off from one arm a piece twenty-five feet long),
whilst its body was estimated at sixty feet in length
and five feet in diameter—so that the Devil-fish of
Victor Hugo’s famous story was a mere baby cuttle
by comparison with the Newfoundland monster. The
mermaid, again, has been satisfactorily identified with
the manatee, or <
call i, which assumes, says Captain Scoresby, ¢ such
positions that the human appearance is very closely

(11

woman-fish,”” as the Portuguese

imitated.”

As for stories of sea-serpents, naturalists have been
far less disposed to be incredulous than the general
public. Dr. Andrew Wilson, for instance, after speak-
ing of the recorded observations in much such terms
as 1 have used above, says :— We may, then, affirm
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We now have evidence actually tuken in a court of
law, though the sea-serpent has not yet appeared
either as plaintiff or defendant in any legal cuse. Our
readers have already, no doubt, seen all the details of
the evidence given by the captain, officers, and several
of the crew of the barque Pauline, under affidavit, at
the Liaverpool Police-court., It is manifest, to begin
with, that unless these five persons were possessed by
a singular taste for unnecessary perjury, we have to
deal with a story which cannot relate to floating trees,
distant hills, porpoises swimming in Indian file, or
the like. A large sperm whale was seen, gripped
round the body with two turns of what appeared to
be a huge serpent, whose head and tail appeaved to
have a length beyond the coils of about thirty feet, its
girth being apparently about eight or nine feet. For
about a quarter of an hour a fierce struggle took place
between the serpent and its victim, at the end of
which the whale was mastered, and suddenly dragged
head first into the depths of the sea. (The account
says “to the bottom,” but we may be permitted to
question whether the bottom was visible.) As the
usual length of the cachalot, or sperm whale, is about
seventy feet and the girth about fifty, the creature
which achieved this decisive victory must have been
a rather large animal, and would prove an “ awkward
customer”” (in the old fighting slang), if it chose to
attack a small ship. It would seem to have had some
idea of the sort, for five days after the capture of the
whale, a similar serpent was seen, about two huundred






96 NATURE STUDIES.

gigantic frog. The head, of a pale yellowish colour,
was about twelve feet in length, and six feet of the
crown was above the water. I tried in vain to make
out the eyes and mouth; the mouth may, however,
have been below water. The head was immediately
connected with the body, without any indication of a
neck. The body was about forty-five or fifty feet
long, and of an oval shape, perfectly smooth, but
there may have been a slight ridge along the spine.
The back rose some five feet above the surface. An
immense tail, fully one hundred and fifty feet in
length, rose a few inches above the water. This tail I
saw distinctly from its junction with the body to 1ts ex-
tremity; 1t seemed cylindrical, with a very slight taper,
and I estimate its diameter at four feet. The body
and tail were marked with alternate bands of stripes,
black and pale yellow in colour. The stripes were
distinet to the very extremity of the tail. I cannot
say whether the tail terminated in a fin or not. The
creature possessed no fins or paddles so far as we
could perceive. I cannot say if it had legs. It ap-
peared to progress by means of an undulatory motion
of the tail in a vertical plane (that is, up and down).”
The amiable instincts which characterise the human
race suggested to the captain ““the idea of running
the creature down,” but the risk of breaking the
screw-blades prevented him from thus welcoming
our new acquaintance. Mr. Anderson, the surgeon,
confirmed the captain’s account in all essential re-
spects. He regarded the creature as an enormous

. |
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THE ORIGIN OF BUTTERCQUPS,
BY GRANT ALLEN,

Hure in my hand I hold a solitary little golden
buttercup, picked this morning in an autumn meadow,
but still as bright and sturdy as though it had grown
up in warmer days beneath the sunny skies of June.
Common and familiar as it is, the buttercup is yet a
very interesting flower from the point of view of its
origin and evolution. Not that it is a highly-evolved
or very singular blossom, with a long and intricate
history at its back, like some of the orchids and snap-
dragons, whose complexity almost defies explanation ;
on the contrary, the importance of the buttercup in
the eyes of the historical botanist is mainly due to the
extreme simplicity of its typical arrangement. It is
a very early type of plant, which has scarcely under-
gone any alteration from the form it must have
acquired already many millions of years ago. There
are other flowers of the same family, such as the
larkspur, the columbine, and the monkshood, which
still bear obvious traces of being derived from an
ancestor exactly like the buttercup, but which have
diverged widely from the original stock i their
curious, irregular flowers, sometimes spurred, some-
times hooded, and sometimes so altered from the
primitive radial shape as to be scarcely recognisable.
What makes our buttercup so interesting, on the
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simple and rounded ; it is only by slow steps that a
leaf thus gets broken up into many divided segments.
In this respect, then, the meadow buttercup cannot
be regarded as the simplest member of its class.
There are some other buttercups, such as the ivy-leaved
crowfoot, which creeps along the mud of ditches, or
the lesser celandine, which springs in the meadows in
early April, whose leaves are entire and undivided.
In the lesser celandine they are almost cirenlar, and in
the 1vy-leaved crowfoot they are slightly angular ; but
both these plants, having plenty of room to spread in
the unoccupied fields of spring or the unappropriated
ditches, have never felt the necessity for subdivision
into minute segments. They have free access to the
air and the sunlight, and so they can assimilate to their
hearts’ content the carbon of which their tissues are
built up. It is otherwise, however, when similar
plants push out into new situations, less fully supplied
with carbonic acid or with sunshine. For example,
there 1s the water-crowfoot, a mere divergent variety
of the ivy-leaved species, which has taken to growing
in ponds or rivers. Here1t cannot obtain the materials
for growth so readily as on its native mud-banks ;
and 1t has been compelled, accordingly, to split up its
submerged leaves into long, thin, hair-like filaments ;
but when it reaches the surface, its foliage spreads
out once more into the broad ancestral blades of the
ivy-leaved crowfoot. It is justthe same with the true
buttercups. They have taken to growing in the open
meadows, where the competition for vegetable food-
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A flower 1s at bottom merely a device for producing
seed. But in order that the seed may prove capable
of germinating, the ovules in its carpels must
necessarily be fertilised by pollen. Now, all the
earliest flowers consisted merely of stamens and car-
pels ; they had no petals at all. But, as Mr. Darwin
has shown, flowers which are fertilised by pollen from
a neighbouring plant produce more seed and healthier
seedlings than those which are fertilised by the
produce of their own stamens. Hence, any modifica-
tion which promoted such cross-fertilisation wonld
benefit the plants in which it occurred by giving them
an advantage over their rivals in the struggle for
existence. Now, there are two ways in which flowers
have thus acquired special adaptations for fertilising
one another. Some of them have developed hanging
stamens which shake out their pollen to the wind, and
such flowers are also provided with feathery collecting
surfaces to the carpels, so as to catch the stray grains
which may happen to be wafted to them from their
neighbours by the breeze. Plants of this type never
possess bright-coloured petals. A second class, on
the other hand, have learned to utilise the winged
insects which visit their blossoms in search of food.
These welcome little pilferers, in passing from head to
head, carry the pollen of one plant to the carpels of
another, and so assist the flower in effecting the desired
cross-fertilisation. This class, to which the buttercup
belongs, has usually developed various inducements of
food, scent, and colour, in order to attract the fertilising
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towards the centre. At this early stage, however,
the carpels are not yet mature for impregnation, and
so they avoid being fertilised from the pollen of their
own stamens, If the bee flies away to another butter-
cup which happens to be still in the same stage of
development, he only collects more pollen about his
head and thighs; but if he alights on a somewhat
older buttercup, he finds its stamens withered and its
carpels fully mature for impregnation. Some of the
pollen 1s then sure to fall on the sensitive surface of
the carpels. Thus, while he seeks honey for himself,
he unconsciounsly affords his host all the advantages of
cross-fertilisation ; and it i1s because he does so that
the flower has been enabled to develop its complicated
arrangement of petals and nectaries for his delectation.

The buttercup, then, with its five separate simple
petals, its many stamens, and its central one-seeded
carpels, may be regarded as a good example of the
earliest type of insect-fertilised flowers. In some
other plants, such as the harebell and the primrose,
the separate petals have coalesced into a single tubular
corolla; while in others, again, they have assumed
various fantastic shapes ; but all of them are ultimately
derived from flowers like the buitercup, which thus
contains in itself all the essential elements of a perfect
insect-fertilised plant.
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their existence. But all analogy leads us to expect
that such “links” once existed; and I wish now to
describe certain interesting examples of such inter-
mediate forms, as they are called, culled from varied
groups of the animal world. In a word, if I am able
to show that we possess at present in the world around
us certain animals which undoubtedly connect distinct
groups, I may claim the strong support of such
examples in favour of the idea that ‘“links” that are
now ‘““missing > where we desire their presence, once
did exist.

Fig. 1.— Lepidosiren anncctens, or Mud-fish, showing the limb-
like fins,

One of the most curious groups of fishes is that named
by geologists the Dipnol. This name means ““ double-
breathers,” and the significance of the name will be-
come apparent later on. Of this order of fishes there
are two chief examples. The Lepidosirens (Fig. 1), or
¢« mnd-fishes,”” found in the rivers Amazon and Gambia,
form the first of these examples ; whilst a carious fish,
occurring in ‘Australian waters, and known as the
Ceratodus, or < Barramunda,” represents the second
type. Thislatter fish is the “Jeevine ** or Teebine ”
of the Australian natives. Now, in looking at either
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in many fishes this tube disappears, leaving the air-
bladder a closed sac (as in the cod) ; or the duct may
persist, and place the sound in communication with
the digestive tract, as in the sturgeon or herring.
Again, the air-bladder may be a simple and single suc;
or 1t may be variously divided, and its interior may be
smooth or may be divided into cells. We shall pre-
sently see that in the mud-fishes and the “ Jeevine,”
this structure assumes a form and function for which
its variations in common fishes in some measure prepare
us. Turning now to the last-named fishes (Lepidosiren
and Ceratodus), we discover that their fish-characters
exist on the very surface of things. Their blood is
cold ; their bodies are scaly; they have fins and fin-
rays ; and above all, they possess gills existing in the
sides of the neck, and in which, so long as they swim
in the water, their blood 1s purified. But here the
fish-characters end. Amnother aspect of the mud-
fishes and the barramunda reveals characters which
startle us as being not those of fishes, but those of
frogs ; and frogs, toads, and newts form, as every one
knows, the second higher class of vertebrates, that of
the Amphibia.

Firstly, then, the Lepidosiren possesses a heart,
which is not that of a fish, but modelled on the type
of the frog or reptile heart. Instead of being two-
chambered, it is three-chambered ; and no other fish
save itself possesses such an advance on the ordinary
type of fish-heart. But, secondly, their “paired fins,”
which represent in all fishes the {*limbs” of higher
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their native rivers during the wet season; but when
the dry season approaches, they bury themselves in
the mud, and lie there, baked as in a kind of mud-pie,
until the return of the persistent rains. During this
land-existence, their ““lungs” come into play. So
long as they live in their native waters, they breathe
by their gills like ordinary fishes ; but, ensconced in
the mud, they breathe air directly from the atmo-
sphere, like ourselves. The air-bladder purifies the
blood, which the heart pumps into its vessels, and
from the “lungs” the purified blood is returned to
the heart. The fish 1s thus truly a  double-breather *;
it exhibits in itself the combination of the frog and
the fish.

Dr. Giinther tells us that whilst the mud-fishes
remain in the ‘“torpid state of existence, the clay-
balls containing them are frequently dug out, and,
if the capsules are not broken, the fishes im-
bedded in them can be transported to Kurope, and
released by being immersed in slightly tepid water.”
The ‘Jeevine,” with its similar ‘lung,” is said to
leave the Australian rivers at might, and to waddle
its way to the marshes and swamps, there to feed
upon the vegetable matter that forms its staple food.
In the nocturnal journeyings of the fish we can readily
perceive the utility of the “lung.”

It may lastly be remarked that other fishes are
known to leave the water and to exist for a time on
land. The climbing perch of India, and the Ophio-
cephali, also of India, illustrate ‘such fishes; but in
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PART II.—FROGS AND TADPOLES,

Havine in my previous paper tried to show that the
mud-fishes were veritable links between the fish-class
and the frog-class, we may now turn to the history of
the latter group itself, by way of showing how, within
its own limits, gaps and gulfs have been bridged in
nature’s own way., The history of a frog is in itself
an interesting study. It begins life as a tadpole, and
lives, as most readers know, a perfectly fish-like
existence. It is fish-like in form ; its heart is two-
chambered, and thus resembles that of the fish, and
it breathes at first by outside gills. By-and-bye a
broad fold grows over the gills, and ultimately covers
them ; whilst internal gills grow from the gill-arches.
Meanwhile, the tadpole has been cropping the water-
weeds by means of the horny jaws with which it is
provided, and has been digesting its food within the
long and spiral intestines which 1s the right and heri-
tage of the vegetable feeder. Soon, however, the
hind legs, which in the frogs and toads are the first
to appear, are developed ; and these are in turn suc-
ceeded by the front limbs. Lungs begin also to
orow, as all lungs do, namely, in the form of two sacs
or bags from the hinder or lower wall of the gullet.
At this stage, the likeness of the frog to the fish has
disappeared, and it closely resembles one of the
common tailed ‘“efts”” or newts; which are famihar
denizens of our ponds and pools.s If it had retained
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such is the logical dead-wall that awaits the stndent
who turns to the “ special creation ” theory for an
explanation. There is no accounting for a super-
natural creative fiat; we cannot give reasons for a
‘“ special creation;’” in a word, we must, on this
theory of nature, simply accept the fuct of the frog’s
existence, and have done with 1it. But there exists
the alternative idea of evolution and descent. What
if 1t be admitted that one species or group of animals
arises by natural variation and descent from another
group ! What if in the frog’s development we are led
to see a panorama—a moving picture, of the descent
of its race? The reasonableness of evolution may
thus, I think, become very apparent; contrariwise, I
know of no other rational explanation of the frog’s
tadpole-stage, and its subsequent development.

What evolution, then, says 1s this: the frog is, ab
first, a fish-like, gill-breathing tadpole, with a fish-
heart, because its earliest ancestor was a fish; and it
is interesting to note that the young of some well-
‘known fishes (e.g., dog-fishes) breathe by outside
gills. I have a beautiful specimer of two of these
young fishes with their outside gills in my museum.
Furthermore, the resemblances of the tadpole to the
type of some primitive fish do not end with its outside
aspect. Mr. F. M. Balfour says the anatomy of the
tadpole points to its relations with the living lam-
preys, which, as every naturalist admits, must be
fishes of a very ancient type. But, secondly, the
tailed tadpole becomes fmw-]g:gged, and 1t thus
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the newts themselves—teaches us that the newts have
arisen from the fish-stock, and that they represent a
lower phase of amphibian life than do the frogs and
toads with their shortened tails. Indeed, the study
of the frog itself not merely proves to us its own
evolution, but demonstrates an orderly sequence in
the descent of its class—a sequence wherein the |
newt-type followed the fish, and wherein the frog-
type, in turn, was evolved from the newt.

That some such explanation—or, at least, an ex-
planation based on similar grounds—is the only

|
|

feasible metliod of explaining the metamorphosis of a
frog, may be stoutly maintained against all comers.
Evolutionists may differ regarding the exact lines *
along which the descent proceeded. They do mot
differ regarding the main facts at issue, namely, that
fishes are linked to frogs in more ways than one,
and that the history of the frog-race, rightly viewed,
is really a connecting-thread on which the various
forms of living and extinct members of its class may
be strung. In my next paper, I shall endeavour
trace the ‘“links’” which bind birds to reptiles.

PART ITI.—BIRDS AND REPTILES.

THERE are no two classes of animals between which
exists a greater dissimilarity than birds and reptiles.
The active organisation of the one and the sluggish
ways of the other, the warm' blood of the former and
the cold blood of the latter, are points in the popu "'-
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editor, that because likenesses can be proved to exist
. between two different groups of animals in their young
state, they do not understand why the evolutionist
should lay such stress upon these facts as proving his

contentions. One correspondent, for instance, says

that he cannot admit that because one thing is like
another, the two things must stand in the relation of =
parent and offspring. I reply, likeness does not
necessarily imply similarity of origin, but, on the
other hand, it is one of the proofs of such similarity.
If likeness is to be denied its place as a proof of
common origin—apart from other and equally powerful
proofs known to biologists—what guarantee should |
we possess that unlikeness means dissimilarity ? That
the likeness of child to parent is a natural likeness,
every one must admit. The reasons are clear enough,
and they derive their force from the fact that the
latter begets the former. I hold that the likenesses
existent—especially in the early stages of develop-
ment—between different groups, are to be judged on
the same basis, namely that of heredify. A manifest
resemblance in the young frog to a fish is, I repeat,
inexplicable, equally on scientific principles and on
common-sense grounds, unless on the hypothesis that
some bond of relationship connects the two. The
duty of disproving this idea rests with those who deny
evolution. Until we receive a fuller and more likely
explanation of such likenesses as those we are atb pre-
sent discussing, we are entitled to hold to the only
theory, which, so far as L knofﬁr, satisfies the require-
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clefts,”” seen in the early life of man himself, are to be
viewed as feeble survivals of the aquatic ancestry
from which, according to evolution, all Vertebrate
animals have sprung. Furthermore, instead of the
ankle-joint (as in man and quadrupeds) being situated
between the end of the leg, so to speak, and the
beginning of the ankle-bones, this joint in reptiles
and birds exists in the middle of the ankle-bones
themselves. This curious feature will be further
alluded to later on.

The technical naturalist would enumerate other
points of agreement between birds and reptiles, but
sufficient has been said to show the close affinities
which lie just beneath the surface of their organisa-
tion.  Their differences, however, are also of pro-
nounced type. The causes to which in the far-back
past the evolutionist conceives the likeness between
these anmimals to be due, have operated, through
variation, at a less remote period, to produce the
divergent lines of development. Thus we discover
that birds are warm-blooded, whilst reptiles possess
cold blood; the bird’s feathers are unknown in the
reptile-world ; and the perfect heart and ciroulation
of the bird—similar to that of man—are also unrepre-
sented in reptiles. Crocodiles, which possess a
four-chambered heart, like birds and quadrupeds,
nevertheless exhibit the same imperfect and ““mixed”
circulation seen equally in frogs and reptiles. The
lungs of birds are of “open” structure, and part of
the air inspired passes through the lungs to fill certain
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The meaning of this table becomes clear, if it be
borne in mind that the rocks as here noted are
divided into the older Secondaries and the newer
Tertiaries. The FEocene in turn is the oldest (or
lowest) series of the Tertiary rocks, as the Trias is
the oldest of the Secondary rocks.

The fossil remains of birds are few and far between,
and this for the reason pointed out by Lyell—nawmely,
that the body of a bird falling into water, prior to its
entombment in the deposits which form the rocks of
the future, would float, and would afford a likely
object of prey to oth&r animals; thus escaping the
chances of preservation. For long, fossil birds were
regarded as limited to the Tertiary rocks; but we now
know of their existence in the Chalk, or Cretaceous
period ; and we have also obtained fossil specimens
from the rocks immediately preceding the Chalk in
time, namely the Oolitic or Jurassic Period.

It is almost needless to remark that the bird-"
remains of the Tertiary rocks, as a rule, resemble
closely the birds of our own day. In this light they
only testify to the age of some of our existing groups
of birds, and do not directly support the theory of
evolution, whilst, of course, they do not i any way
negative it. But in the deposits of the London clay
of Sheppey, belonging to the FKocene (Tertiary)
period of geology, the remains of a bird, belonging
apparently to the swimmers, were discovered. This
form was named Odontopteryw by Professor Owen,
and its remarkable jaw-armature at once attracted the

5
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to the exertions of Professor Marsh, appear before
us as veritable links, conmecting the birds and
reptiles 1n respect of their teeth, as well as in other
teatures of their economy. Hesperornis stood at least
five feet high, and in respect of its bony framework
exhibits a close alliance with the grebes of our own
day. But, strange to say, Hesperornis wants one
marked peculiarity of other birds (save the ostrich
group), namely, the prominent “keel”” or bony ridge
on the breast-bone, to which the wing-muscles of
birds are attached. The wings were certainly of
rudimentary character, but this is a feature we see
exemplified in the auks and penguins of our own day;
and it is probable that the tail of this great diver of
the chalk seas was unusually mobile, and adapted
possibly to serve as a rudder. The reptile characters
crop out, however, most clearly in the teeth of this
bird. There were no teeth in the front of the upper
jaw, and presumably this region was covered with a
horny beak. The teeth themselves are curved struc-
tures; but they are set in a common groove, and not
lodged each in a socket, as is commonly the case in
higher animals. In living reptiles themselves, it may
be added, the teeth, save in crocodiles, are not
implanted in sockets. Thus, in serpents and lizards
the teeth are simply united by bony union to the
bones which bear them; but certain extinct lizards
had socket-fastened teeth, and the giant fossil reptiles
(Ichthyosaurus, &c.) of the Lias, Oqlite, and Chalk,
possessed teeth which likewise arose from sockets in











































































































































































































































































































































































































































































































































































































































































































































































