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X AUTHOR’S PREFACE

To those readers who possess and use a micro-
scope I trust that my work may increase their
interest in the fascinating study ; while for those
who do not the large number of illustrations will
to some extent enable them to realise what the
microscope reveals, and may, perhaps, create in
them the desire to use it for themselves. And then
if this volume is soon laid aside for works more
advanced, it will indeed have done good service.

The illustrations throughout are greatly magni-
fied photographs or photo-micrographs made
directly from the actual objects, excepting in a
few instances where they are stated to be of
natural size. The image of the minute object, as
seen by the eye when looking into the microscope,
is projected directly on to the sensitive photo-
graphic plate, the camera occupying the position
of the observer at the head of the microscope
tube : but to describe the numerous details of the
work would be out of place here.

With regard to the minute objects themselves,
such as the various plant, insect, and animal dis-
sections, it need hardly be said that considerable
care is required to prepare them for photographic
purposes.

While using a large number of my own pre-
parations, I have to acknowledge the kindness
of Messrs. W. Watson and Sons, of 313 High
















































2 MINUTE MARVELS OF NATURE

coloured sea-water, and no matter how closely
you look, it still seems only coloured water.
But the colour is due to incalculable multitudes
of tiny plants, living their separate sea-lives as
completely as the great whale himself. In the
same way a coloured stain will creep over
damp walls, the bark of trees, or this old fence
of mine, where myriads of microscopic plants
are congregating together and multiplying very
rapidly.

For the infinite variety of form and habit that
plant life assumes adapts it to flourish in sites
where life of any kind might have seemed im-
possible. Leathery and powdery plant-incrusta-
tions cling to the hardest rocks and stoniest soils ;
vegetable moulds take up their abode on almost
every perishable article ; trees and ships are often
completely destroyed by a plant multitude known
as ““dry-rot” ; while smut, rust, bunt, and other
familiar forms of parasitic fungi, prey upon living
plants to such an extent as to spoil and destroy
whole crops of grain or fruit. What seems worse
still is that many of them not infrequently invade
the organs of living animals, and are the known
causes of many diseases. A single drop of pond,
river, or sea water will often reveal multitudes of
varied plant forms; and, in short, it is difficult to
point to any natural condition of land or water
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THE BEGINNINGS OF PLANT LIFE 3

that is free from plant life. lts germs, or spores,
fll the air we breathe and are consumed in all the
food that we eat. The very ground we stand
upon may be built up of tiny plants, as [ will show
later.

While mentioning fungi, moulds, and other

Fig. 1. Microscopic unicellular plants, multiplying
by division of their cells

parasitic organisms as being representative of
plant life, it is not my purpose here to consider
this class of plants, but rather those which may
be regarded as leading the way to the hij_:'h(;r
plants, by their possession of the important green
colouring-matter known as “ chlorophyll,” or its
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equivalent; of which 1 will speak in a later
chapter.

Almost all damp situations and standing waters,
such as rain-water cisterns, drinking-troughs, wet
ditches, ponds,- &c., will provide examples of
minute algee, or the earlier forms of plant life.
And these, like the green film on the fence, will
be mostly unicellular plants—each microscopic cell
constituting an individual plant, which eventually
divides into two or four similar cells, with the
same power of division (see Fig. 1).

Sometimes the newly formed cells have long
cilia, with which they swim freely about in water ;
and stagnant ponds often owe their green hue to
myriads of these active green cells swimming
vaily about within them. When shown under the
microscope. perhaps the last thought that would
occur to the inexperienced observer would be that
these wonderful little organisms are plants at all ;
and as there are large numbers of lowly plant
forms that can move about in water, and are
almost invariably found in company with minute
animalcules similarly endowed, even experts are
often puzzled to decide to which kingdom the
tiny living forms belong.  So it comes about that
many of these organisms have been bandied about
by learned scientists from the Animal to the
Vegetable Kingdom and back again, until the
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ordinary student scarcely knows where to locate
them.

In recent years, however, a better understand-
ing has been arrived at with regard to the more

Fig. 2. Desmids (Closterinm lunwla), or unicellular
plants, found in standing waters. Actual length
about ¢ of an inch

familiar forms, since a large number of these
gaily swimming organisms have been shown con-
clusively to belong to the Vegetable Kingdom.
Fig. 2 shows a number of the singular uni-
cellular plants which are called *“desmids.”
These are minute fresh-water alga, of a beau-

tiful ereen colour and numerous diverse forms.

L
L=



6 MINUTE MARVELS OF NATURE

Every moderately clear pool or ditch will provide
examples of these interesting plants, and they
especially abound in ponds which lie in exposed
and bleak situations. The species in the illustra-
tion is characterised by its crescent-like form.
Each cell is free and able to move about in the
water by a curious, feeble movement, and if kept
in a glass vessel they all move slowly to the side
next to the light and congregate there. For a
period of over twelve months I kept a large
quantity of these desmids propagating in a
common glass jar, having accidentally gathered
a few attached to some of the common duckweed
which floats on ponds.

Desmids, like other green piants, evolve oxygen
in sunlight ; and so, together with the duckweed,
which also multiplied in the glass jar, the water
was kept fairly pure, and the desmids increased
at such a rate as to completely line the sides of the
ulass vessel with a film of bright green colour.

A desmid cell possesses a thin outer coating or
cell-wall, sometimes adorned with spiny projec-
tions or markings. Surrounding this, a trans-
parent film of gelatinous matter is recognisable,
although sometimes only by its preventing the
cell-wall from touching external objects. Inside
the cell-wall proper is a layer of colourless proto-
plasm, which encloses the mass of green-coloured
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living substance of the cell or plant. As these
plant cells all show more or less clearly a line of
division in the middle, they might seem to be
two separate cells joined together; but such is
not the case, each desmid being but one cell.
When reproduction is about to take place, the

Fig. 3. Other forms of desmids, chiely MWicras-
ferias demdiculafe. Actual length about 1, of an
inch

contents of the cell divide into the two halves,
which seem to draw away from each other,
and so become constricted towards the centre,
and finally break away. Each irregular half then
soon develops the symmetrical crescent shape.
The above example (Fig. 3) i1s taken from
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other species of desmids which present a some-
what different method of reproduction. Instead
of breaking away and subsequently acquiring a
complete shape, the two halves remain together,
but gradually develop at their line of junction,
two little rounded discs touching each other
at the edge, which gradually become larger and
push each other further apart, until, finally, the
indentations round the desmid's edges appear,
after which the two halves become detached as
perfect desmids.

There are other and more complicated methods
of reproduction and cell division evenwith this same
Micrasterias ; but these need not concern us here,
though they show that even these lowly, single-
celled plants gradually approximate in structure
and methods of reproduction to higher and more
complicated forms. And it should also be ob-
served with regard to these delicate and beau-
tiful organisms, how frequently symmetry and
regularity of form prevail. But this we will
consider more in detail hereafter.

Meanwhile let us glance at some of the most
extraordinary forms of the invisible vegetable
world—tiny unicellular plants of almost un-
imaginable minuteness, called ** diatoms.”

These microscopic and wonderful alga are
abundantly distributed in nature.  Wherever
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exposed water is to be found, diatoms may be
looked for, whether it be stagnant or running,
salt or fresh, warm or cold. Even the melting
snow on the summits of the highest mountains, or
the water that lodges in your rain-water spout,
frequently contains diatoms in abundance.

As the water evaporates, these invisible plant
particles become dry, and by reason of their
lightness and tenuity get wafted, still alive, from
one region to another by the high winds. The
hottest sun and bitterest cold does not affect their
vitality. As the air calms they settle down again,
and after months of frost or scorching sun, given
moisture and sunlight, they again rapidly multiply,
and so become distributed everywhere.

When considering the desmids [ mentioned
that the cell-walls sometimes developed spines
or markings on their surface. Now diatoms
present most extraordinary and remarkable
features in this respect. Each little vegetable cell
that constitutes a diatom has the power to absorb
from the surrounding water that chemical com-
bination termed **silica ” or flint, a small proportion
of which exists dissolved in most natural waters.
The silica which it thus appropriates becomes
deposited regularly on the cell-wall, and so the
single vegetable cell becomes clothed with an
almost indestructible flinty armour. But this is
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not all ; one side of the shell or frustule becomes
slightly larger than the other, and fits over the
smaller, after the manner of the halves of a pill-
box or canister.

On the surfaces of these flinty shields deli-
cately carved and chased symmetrical markings

Fig. 4. An arranged group of the cleaned shells, or
shields, of the tiny plants called * diatoms.” The
actual group measures 4 of an inch in diameter

are revealed when considerably magnified. An
arranged group of these tiny and wonderful
shields is shown in Fig. 4.

As this group measures only one-twelfth of an
‘nch in diameter, it will be understood that the
shields are considerably magnified, although but
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the faintest indications of their fascinating sculp-
turings are visible.

The refined nature of some of the markings of
diatom valves defied the powers of the best
microscopes for many years, and even with the
finest of modern lenses most skilful manipulation
is required to bring out their details of structure.
In fact, the more delicate forms are used by the
makers of microscopes for testing the accuracy
of their work.

A very remarkable fact regarding these minute
sculpturings is that frequently, as the magnify-
ing power is increased, new and unsuspected
details of structure become visible. What were
minute rows of dot-like spaces reveal, when
enormously magnified, other perforations and
sculpturings within them of equal beauty and
symmetry.

And, when we have exhausted the powers of
our best optical instruments, who knows what lies
beyond? If unsuspected marvels of fascinating
minuteness have been revealed with the advance
of modern instruments, one cannot help wondering
where this decoration ends. The methods by
which these tiny plants construct their almost in-
destructible shells defies all attempts to explain ;
and in saying ‘‘almost indestructible” I am well
within the mark, for these silicious frustules, or
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valves, resist putrefaction almost indefinitely ; and
as the organisms multiply very rapidly by sub-
division, and keep falling in a steady shower to the
bottom of the water as they perish, layers of these

tirs) shown

Fig. = Some diatoms (HMippuiaria noe

=

IE.
on a dark pround to illustrate their

Individuals vary in length from % to

glassy nature,
Lo of aninch

olass-like shells gradually result in considerable
deposits of solid flinty material which resists acids
and even the dull red heat of an ordinary fire.
The familiar polishing material * rotten-stone ”
or “Tripoli,” large deposits of which occur in
Johemia and other parts of the world, is a soft
friable rock which chemically is almost pure silica;

but the microscope reveals the fact that it 1s not
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ordinary silica, but is built up of the tiny and
beautiful silicious shields of diatoms. And as the
forms found in rotten-stone are characteristic of
fresh-water species, we conclude that where the
deposits are found lakes or marshes existed in
previous ages.

[n long periods of time, by the slow percolation
of water, these diatomaceous deposits (a minute
speck of a diatom deposit composed almost
entirely of one species is shown in Fig. 35) are
slowly dissolved and then redeposited as a hard
opal-like rock. Thus these apparently insignificant
plant atoms, by their vast numbers and rapidity of
multiplication, play most important parts in the
formation of the earth. The city of Richmond, in
Virginia, is said to be built on a stratum of di-
atoms 18 feet thick. Estuaries and harbours are
frequently considerably shallowed by the accumu-
lation of these flinty deposits, and the surface and
ooze of many seas reveal diatoms in abundance,

Fig. 6 shows diatoms dredged from the Atlantic
by the Challenger at a depth of 1990 fathoms, or
just over 2} miles.

The variety of forms assumed by the frustules,
or shields, are as varied as their surface markings,
and quite beyond description. The most familiar
species found in ponds assume the long oval
or boat-shaped forms, such as those shown in
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Figs. 5 and 7, and many are extremely delicate ;
!

but al

alike possess their characteristic wrink-

6.  Ihatoms dredged from the Atlantic at a

depth of about 24 miles

lings, dottings, and markings, when highly magni-
hed.

[t is extremely interesting to watch the peculiar
oliding movements of some of these boat-shaped
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Fig. 8. Chains of diatoms in their natural state adhering

o & larger microscopic alga, magniied

life, but remain attached, and form chains of
somewhat oblong or square frustules, each ad-
|]1'r'ir1;:' to the other at the corners, the chains ulti-
mately being fastened to, or intermixed with, other
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and larger alge or aquatic weeds. Fig. 8 shows

an f"\..ll]‘lj:]l' of diatom chains in their natural situa-

tions, clinging to a much larger al

. :
alea, although the

portions shown of this are reallv microscopic.

Others tlt'n!|11]J foot-stalks, bvy means of which
IIH'?'. l[lLL?' 1.|‘|L'|'|'I"~5.t'i"|.-{"w O stones, C"\._.‘ .'II'I-\.? 50 form

-

little aroups or clusters.
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I'he beauty of the markings of the frustules
cannot be readily seen in the living diatoms : but
the skeleton shields, when cleansed of their living
matter by heating to red heat or dissolving by

Fig. 10. The central portion of the group of silicious
diatom shields shown at Fig. 4, more highly magni-
fied.

nitric acid and magnified, reveal to perfection their
wonders of symmetrical precision and minuteness.
One of the cleaned shields from a marine form
is exhibited in Fig. 9. Two hundred of these,
placed edge to edge, would scarcely extend one
inch ; yet this is a very large form, comparatively
speaking. The lines and markings on some
.‘-'.i:-:-{:it_:ri are estimated at about 1-76,000th of an inch
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apart, so thata hair from the human-head cut longi-
tudinally into 400 thin slices would approximately
fill the spaces between 400 of these marks.

We cannot here even _'_;_hmr.(: at the life hismr}‘

|
!
|
|

Fig. 12. Several diatom forms from the top central edge

of Fige 4 immensely magnified

and methods of reproduction of these lowly and
beautiful unicellular plants. The subject 1s 50
great and their species are so numerous that we
H}UHIM .r'i'f|nir‘l' il HE'EJ'.'I.I'ill_lE t‘il;l]Jlt‘r': S0 I must be
content to call attention to their beauties, which
show that the lowest and most minute forms ”'_
plant life present no less wonderful intricacies ol

structural detail than the highest and laryvest.
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As an instance of the revealing power of the
microscope, | will again call my readers’ attention
to Fig. 4, and ask that it may be compared with
Fig. 1o, which represents the central portion
of the same group still more highly magnified,
showing how further details of structure are
brought out by the increased magnifying power.
And again in Fig. 11 a few forms selected, but
rearranged, from the centre of Fig. 10, are shown
under considerably greater magnifying power.

Fig. 12 shows another combination immensely
magnified from the top central edge of Fig. 4
group, the members of which can readily be
identified by their relative positions. These will
serve to give an idea of the beautiful and wonderful
frustules or shells of diatoms.

It may occur to those who study these illustra-
tions how beautifully these diatom shields stand
apart in the groups, or how prettily they are
arranged. It is true that they have been arranged
in these forms. Here we get an instance of
man’s skill with the minute, for all these
diatoms have been individually selected as per-
fect forms, and carefully placed in their relative
positions.

Fig. 13 shows a beautiful group of diatom valves,
arranged in a symmetrical and artistic manner
by one skilled in this work. The actual group
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measures one-eighth of an inch in diameter, every
individual specimen having been placed within
this small compass. This is truly very wonderful
work ; but when we magnify these exquisite atoms
and see their marvellous, symmetrical patterns,
thousands of times smaller yet perfect withal, we
see how insignificant man’s most clever and
ingenious efforts become in comparison with
Nature's humblest works.

The central portion of this prettily arranged
group is shown more highly magnified in Fig. 14 ;
and to exhibit the infinite variety of form and
design in these fascinating plant atoms, another
wonderful group is illustrated in Fig. 15, which
also is arranged within a circle one-eighth of an
inch in diameter, while a portion from near the
centre of this is again further magnified in
Fig. 16.

In conclusion, we may glance at a few forms of
algae that show a further advance in plant form ;
that is, an advance on the single cell.

We take from almost any pond some of the
common green slime almost invariably found in
such localities. On examining this material we
find long strings or threads of vegetable cells, all
alike and joined together, as is shown in Fig. 17.
When these thread-like plants are about to
propagate or multiply, corresponding cells in



Fig. 16, A portion from near the centre of group Fig., 15, more
highly magnified
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vibrations of these that the plant rolls itself
through the water.

This little plant is often abundant in ponds,
and in reality is a rounded colony of vegetable

Fig. 17. Thread-like plants, composed of vegetable cells attached

to ench other (Spirogyra)

cells; only a few of which take part in repro-
duction.

Other forms again show indications of the stem
(see Iig. 19) by producing a row of supporting
cells which take no part in reproduction, this
being left to the rows of cells that they support.
As our concluding example, a still more advanced
type shows a differentiation in the structure of
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its stem, possessing a central system of cells,
with a protective outer layer of other cells, and
so something akin to the bark or skin of the
higher plant forms appears. Fig. 20 shows an
alga possessing this first differentiation Iin stem

Fig. 18. A manyv-celled globular plant {Feftox
wlebater) which swims about in ponds. Actual
size about 44, of an inch

structure. Advancing structure may readily be
traced, although all alga are still of lowly form,
for even with our last example, each disc on its
stem is but a cluster of simple thread-like cells all
radiating from the one point.

So we may trace a gradual rise from the lowest
to the highest forms of life, and learn to recognise
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that all life i1s akin. No isolated and unconnected
instances occur, although it is not always perhaps
possible to link up our chain and trace direct

l. "
W (SR & Y
\ e, -
s e el
l_.. *{
L] - — At
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Fig. 19. A lowly aquatic alga, showing the early stages in

the evolution of the plant stem (Draparnaldia)

connection between the beginning and the end.
\';-1 hHr'f']} [h:-r:' ]‘w :-nnn;;‘h {"L'i{]!‘llt‘{f LD H]‘lnw T.|‘I.'li
Nature is one harmonious whole. Breaks which

are difficult to explain may occur here and there,
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but time and advancing knowledge will reveal

much.
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celled algz, known to botanists as Profococcus
viridis. Fig. 21 shows a magnified photograph
of this green stuff off my finger-nail, under a

medium magnifying power, and reveals a con-

Fig. 21 I'he green stain on damp fences, &

myriads of microscopic plants

glomeration of granules, each granule a plant. If
we examine one of these green granules under
very hich magnifying powers, we find that it
possesses considerable structural detail, simple,
perhaps, compared with the structure of the higher
plants; but then it must be remembered that
these tiny living plant-atoms occupy only about

i,

one-thousandth of an inch of space.
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The envelope or cell-wall which surrounds each
granule shows clearly a double outline and con-
tains the life-matter known as protoplasm. Em-
bedded in this can be detected the living life
centre of each cell or plant, which botanists
term the nuclens. Each of these minute atoms
of plant life quickly attains to independent ma-
turity, and divides itself by means of a partition-
wall which forms like a film of ice and cuts the
cell into halves. Each half, when completely
separated, very soon divides again; and so
myriads of plants are quickly formed, which
cover large areas in short spaces of time.

In the Arctic regions early explorers were
astounded to find large areas of red snow ; but
the phenomenon is now familiar to men of science,
who know that red snow, like a green garden
fence, is due to the presence of unicellular alge,
the only difference being in the colouring-matter
of the protoplasm. It is said that acres of snow
are frequently covered in a single night by these
tiny plants.

Many vegetable cells are so small that over one
hundred millions would barely occupy a cubic
inch of space; and in each of these the work of
life goes on. It is not necessary, however, to
examine these exceedingly tiny plants in order
to find single cells; nor do they, perhaps, throw
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Cells, then, are the bricks which build up the
plant edifice. The simplest plant is built of one
brick, as we have seen; and next in simplicity
come plants composed of a few simple cells united
together in a chain as previously considered.
Complexity begins when a plant exhibits cells of
different kinds, each kind fulfilling specific functions
in the life of the plant. The apple-pulp cells are
very simple in structure, but much more compli-
cated tissues are found in other parts of the parent
tree. To show the differentiation of cells for
various purposes in plant economy, we may take
almost at random any insignificant fragments of
any plant.

Every one has observed, for instance, that
plants are frequently hairy on leaves, flowers or
stems, &c., and Fig. 23 shows a few hairs from
the throat, as we call it, of the common yellow
pansy. These hairs are in reality single cells,
which, instead of remaining as flat skin-cells of
the petal, have poked themselves out into elon-
gated shapes with irregular knotted swellings.
To the naked eye they look like minute hairs,
but under the microscope more closely resemble
rugged glass tubes, being quite transparent and
filled with granular matter like the cells in their
more simple forms. Hundreds of these uni-
cellular hairs, with others of entirely different
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forms, are hidden away in the interior of every
pansy ; and all serve a purpose in the economy

Fig. 23. Hairs from the throat or interior of the common
yellow pansy

of the plant. Otherwise they would not exist,
for Nature makes nothing that is useless. No
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ornament even exists in Nature without serving
some other definite purpose.

And while speaking of ornaments we may look
at the surface of a common scarlet geranium'’s

Fig. 24. 'lThe petal of a geranium has a surface of

cells like this
petal. How is its invitingly soft and velvety
appearance produced ? we ask of the microscope ;
and Fig. 24 shows the skin-cells in this instance,
not elongated and hair-like as in the hairs of the
pansy, but with central elevations or papille,
which reflect the light ; and so the velvety gloss
of the petals of many flowers is effected.
We will take one other simple skin tissue, and
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that it is difficult to recognise any trace of the
original cell-shape in them. By making a longi-

-—ﬂ,::.
" ——
R il
pp—
i

‘_'\““.1 b=

htn.ilﬂ-:- ;t:‘l" ¥‘=:"

o -

i |
gk

(U

Jr;tl.--r'rt-lll

Lk

'

[

bk ot i T
L]

i

ERERL L e s aS

LTINS [TIRRERT (11000 L

i

-

-

—

iy

-

——

W

—

—

i

Ll

a—

= b —
ol —
- - ag—
= —
- —
L] -
$ e
—

i

- ——

- e

e

=

- -

——

d—

—

——a

—

——

iy

-

e

—

- —

Fig. 26. A longitudinal section through part of the
creeping stem of the bracken fern, showing the
vascular tubes embedded in the frond tissue.

tudinal section, with a sharp razor, through the
growing-point of a plant stem, for instance, we
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find that at some little distance behind the grow-
ing-point the cells have lost their globular and
oval shapes, and are long and thin. This elonga-
tion goes on with time, and the connections or
division walls which separate adjoining cells dis-
appear, until at last, instead of a network of
ordinary cells, we have a series of bundles of
long tubes, or “vessels,” as botanists call them.,
Part of such a band of tissue is shown in section
at Fig. 26. These tubes, uniting with each other,
form the tough fibres that permeate all the prin-
cipal tissues of higher plants, and in a section of
the Sarsaparilla plant-stem (Fig. 27), these * fibro-
vascular” bundles—once more borrowing the weird
phraseology of the botanist—may be seen scattered
in amongst the pith or cellular structure.

These scattered bundles characterise the struc-
ture of plant-stems in one of the great divisions
of the vegetable kingdom, known as the “ mono-
cotyledons,” which means that seeds, when sprout-
ing, send up a single blade, like a grain of corn, a
date stone, or a lily seed  Such plants generally
bear leaves with parallel veins, and have their
flowers arranged in whorls of three.

These features are in contradistinction to the
structure and arrangement of the ‘“ dicotyledons,”
to which belong almost all our common field
plants, except grasses, and nearly all our native
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shrubs and trees. In Fig. 28 and Frontispicce

sections of the stems of sycamore and beech show

Fig. 27. A thin slice of the stem of the sarsaparilla plant, showing
its structure

that the structural arrangement of these plants is

more H}'Il'l!]]f![l'il[i.‘Ll and that their vascular bundles



2
%

S INTO PLANT STRUCTURE

T
4

L.LIMPSI

1
T

C

ed around a cen-

[
ey

h. each bundle Ht‘[rill’élll'Il from its neil

are not scattered about, but arran

hlmlll‘

L]
|

pit

tral

L - r o Y thi { :
LT P

_xﬂ.ﬂﬁ e %

aof a twig fr

BIL

of an inch

o=

SECLION
Actual diameter &

o

fe

ed with

[ hese
Lt

g

I}ilh }ml’[iHH.

al

tures of the stem are gener

by a ray from the centr

d550C]e

ally



44 MINUTE MARVELS OF NATURE

the net-veined leaves of most of our English
plants and with flowers arranged in whorls of
four or five. Thus, as a zoologist can build up
an animal from a single tooth, the botanist can,
from a thin slice or section of the stem of a plant,
at once gain considerable knowledge of the class
of plant from which it was taken.

And now just a word regarding these string-
like bundles of tissue which we find in the stems
and leaves. FEach bundle, as 1 have already
shown, originates near the growing-point by the
oradual alteration of some cells into long tubes,
and on examining these at a later stage, each
bundle is seen to consist mainly of two distinct
kinds of tissue separated by a layer of delicate
cells. The tubular vessels nearest the central
pith, when mature, generally lose their proto-
plasm or living matter, and usually contain air
only, although sometimes liquids are conducted
through them. Outside these come the wood fibres
which give strength to the bundle, and following
these the delicate cells which separates one class
of tissue from the other. Those vessels on the
outer side nearest the bark are similar to the
fibrous wood-cells, but more delicate and filled
with mucilaginous matter.

Now the layer of delicate cells that separates
these tissues is a very important factor to the
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plant or tree, and in the growing season 1s con-
stantly forming new cells by division, By this
means new vessels and wood-cells are formed.
And as the new cells keep multiplying they
exert pressure upon their surroundings, so that
the tree gradually expands and increases in
girth during the growing season. In the autumn
a strong outer coat of bark is formed to
enclose and protect the living cells, Dormant,
yet full of life, these remain throughout the
cold and wintry weather; but in the spring
active life begins again. The cells commence
once more to divide and multiply, and the outer
coat of bark, which was firm and strong when
it enclosed its living successors—for it origi-
nates from these soft, active cells—is burst
asunder as the sap rushes through the cells and
distends them. Thus the rough broken bark,
with which we are all familiar, is formed upon the
trunks of trees.

During the spring and summer seasons the
growth and multiplication of the cells goes on,
but pauses again in winter; and in due course,
when the woodman comes along, he can approxi-
mately estimate the age of the tree by its annual
rings of growth. The successive zones of growth
are usually quite distinct, owing to the wood
formed in the spring being less dense or having
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wider cells than the compacter layer formed later
in the year.
Fig. 29 shows a section of a stem with longi-

Fig. 29. Clematis has longitudinal furrows on its stem which show
in this section
tudinal furrows, one of the numerous variations
which the stems of plants assume. Some are
flattened, others triangular; and a square stem



Fig. 30. Section or stem of date-palm, showing its curious
furm and the scattered bundles of fibrous cells
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1s not uncommon. Those of the red and white
dead-nettle must be familiar to every one who
notices wild plants at all. The stem of the date-
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Fig. 31. A section through the stem of a water-plaut

showing air cavities

palm presents another curious form in section and
is illustrated at Fig. 30. This again shows the
scattered vascular bundles of the monocotyledons.

In Fig. 31 1s shown the section of the creeping
stem of a tiny water-plant, which grows on the

edges of moorlands ponds, and is called the “ pill-



Fig. 32. Section of common marestail, showing beautiful arrangement
. of cells and air-cavities
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By

wort.” Here we see a ring of comparatively
large, open gaps in the tissue of cells: and most
aquatic plants possess these air cavities among
their tissues, serving as buoys to the olant-stem.

V2
L
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Fig, 13. Ilhe structure of a olub-moss stem

The common water-lilies are famibar examples ;
while another beautiful example from the stem of
a familiar pond and ditch plant called ** marestail ”
is shown in FFig. 32. Perhaps lady readers m ght
profitably use this as a pattern for fancy work, and
so obtain a new design ** direct from Nature.”
Another curious form of stem structure i1s shown
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in Fig. 33, taken from a plant commonly found
on moorland hills and known as “club-moss.” This
is a tiny moss-like plant only a few inches in
height at the present day ; but many ceological

aves ago the ancestors of our club-mosses were
amongst the most prominent forms of the vege-
table kingdom, bourgeoning as large trees with
stems or trunks sometimes four and five feet in
diameter. Fossilised trunks of these great club-
mosses are often found amongst the coal measures;
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and forty or more different species grew in the
British Isles during the Carboniferous period ; but

Fig. 35. Stem section ol vy, showing rootlets

to-day we have only half a dozen or so of their
diminutive rr;lrt't-mrnlulh‘t:ﬁ. whose stems measure
scarcely one-tenth of an inch 1n width.

Rushes, as every one who has gathered them
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knows, have a pithy stem; and Fig. 34 shows a
magnified section of a rush stem. The centre of
the stem is not, however, hollow as it appears,
but is filled with very unsubstantial star-shaped
cells, which are too delicate for reproduction in
section.,

Fig. 35 represents a stem section, which seems
curiously irregular in form; but when I explain
that it is taken from the stem of the common
ivy—which, the reader will remember, has tiny
tentacles or rootlets along its stem, by means of
which it adheres to walls and trees—the shape
will readily explain itself.

As a concluding example of stem structure,
Fig. 36 illustrates the central portion only of the
stem of a liana, or tropical climbing plant, which,
in some of the Brazilian forests, forms vast festoons,
passing from one tree to another, and so binding
tooether all kinds of vegetation in a maze of living
network. This stem will be seen to be light in
structure, probably owing to the plant's exceed-
ingly rapid growth in the humid atmosphere of
tropical forests, thus reproducing in an exaggerated
form the peculiarity of the tissue formed in English
trees in spring, when growth is quicker than at
other seasons.

Rightly viewed, however, the stems of plants
are merely enlarged and permanent developments



g, 26 Central Ilnrﬁrm of the stem structure of a Brazilian climbing l']"”]
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of a leaf stalk—there are many plants which pro-
duce only a single leaf—and the leaf stalk in turn
bears the same relation to the mid-rib of the leaf.
So, in Fig. 37, I show the internal structure of

Fig. 37. The structure of the mid or central vein of a

the mid-rib of the leaf of a rhododendron. There
are some leaves, moreover, which apparently have
no mid-rib, or are all mid-rib. It would be diffi-
cult, for instance, to say how much of the needle
of a pine-tree was *‘ blade " and how much ** mid
rib"” and ‘“nerves " when viewed externally, but
the microscope reveals, when the leaf is seen in
section, that the vascular strands of the mid-rib
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are not wholly lost but still continue their course
through the central portion of these curious leaves.
[n Fig. 38 is shown the wonderful combination
of cells which compose the pine-needle; and

#f"l“ -‘ IL.n
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Fig. 38. The wonderful structure of the needle-like leaf ol the pine,
Actual diameter from corners, 4 of an inch,

between this and the great pine-trunk, with girth
oreater than a man can clasp, rising sheer to the
height of a church steeple, there is only the
natural gradation of development. Thus, from
the simple Profococcus wviridis, which you can
scrape by tens of thousands off my old garden
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blowing hard, they produce horrid, squeaky
noises. This, however, does not amount to
scientific investigation of the structure of plants;
and, resisting the temptation to make squeaky

Fig, 39. Part of a section of the blade of a laurel leaf to show
its internal structure

noises with the skin of the leaf, we find below it
a series of regular, closely packed green cells.
These give the green colour to the leaf, being
seen through the transparent layer above.  They
are called the * palisade cells,” and their green
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colour is due to the presence of numerous micro-
scopic green granules embedded in their other-

wise colourless protoplasm, in the same way that
our blood, which is really colourless, appears red

Fig. 40. The mid-rib or central vein of the laurel leaf, showing
its structure

owing to the minute red corpuscles with which it is
crowded. These green *chlorophyll-corpuscles ”
may be said to perform the most important tunc-
tion of any organism in the history of life, as we
shall see later.

Below these palisade cells comes a kind of






Fig. 42. The mid-rib or central vein of a sunflower lear
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mass of small-celled tissue or *‘‘ meristem,” as
botanists term it, the cells of which are continu-

Fig. 43. The growing point of a stem, where new
leaves are being formed

ally dividing and subdividing to form new tissue,
forming lateral protrusions in regular succession.
Each protrusion is the basis of a leaf, and as these

E
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Increase in size, spaces form between them, until
we get the stem with leaves arranged symmetri-
cally round it at regular distances, as we see it in
the branch of any familiar tree.

Of course there are many variations in leaf

Fig. 44. Section of leaf of the deadly nightshade, showing
large palisade cells

structure. For instance, Iig. 44 represents a
section through the leaf of the deadly nightshade,
the structure of which, on comparison with the
laurel leaf section, will be seen to differ by the
omission of the outer varnish layer and more con-
spicuously by the palisade cells occupying at least
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one half of the leaf-tissue as a single layer of
large cells instead of several layers, as in the case

Fig, 45 The fleshy leaf of a stonecrop

of the laurel and sunflower leaves. A difference

Some plants,
however, have to modify their leaf-structures

very much to adapt themselves to their particular

of this kind is but a minor matter.









Fig. 47. The structure of a floating leaf of the water-lily, showing
the air cavities which act as buoys
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are sometimes formed, some of which appear
in the section of the water-lily leaf shown in
Fig. 47. The veins of the leaf should also be

Fig. 48. The maize or Indian corn plant leaf-structure

observed, and the palisade cells which form a
dense band along the upper surface.

The structure of plants which have grass-
like leaves is represented in Fig. 48, this being
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a section of a portion of the leaf of the maize
or Indian corn, showing that the leaf-blades of
plants which are widely removed from each
other in the vegetable kingdom are still only
variations of the same plan to fulfil the same
purpose, merely specialised in the division of
labour to meet the particular ends of the plant.
This example may be taken as a type of the
leaf structure peculiar to the ‘‘ monocotyledons,”
the grasses, lilies, &c., in the same way that
the laurel, sunflower, and water-lily were types
of ‘“dicotyledons.” If we take one of the
smaller plants, such as mosses, which are neither
“dicotyledons,” Z.e., plants whose seeds throw
out a double leaf, nor “ monocotyledons,” which
send out a single shoot, like a blade of grass—
plants, indeed, which have no seed-leaves at
all, because they have no proper sceds—we find
that there is seldom need to make a section
of a leaf, because the leaves of most mosses
consist of a single layer only, of cells, which
are generally simple as shown in Fig. 49. It
will be seen that these leaves have no mid-rib,
although there are some mosses in which this
differentiation of tissue first begins to appear
with a few thick-walled cells or rudimentary
vascular strands which constitute the first step
towards the evolution of the mid-rib, so highly



Fig. 49. The thin transparent leaves of a moss



74 MINUTE MARVELS OF NATURE

developed in some of the plants which we have
been considering. '

Having now glanced at the structure of various
types of leaves, before considering the purposes
of their various cellular divisions, let us roughly
analyse a green leaf and see of what elements
it is mainly composed. We take a few fresh green
leaves and carefully weigh them on a chemical
balance so as to be exact. Having taken their
precise weight, we place them in an arrangement
over a lamp where they may be heated to a tem-
perature equal to that of boiling water, and leave
them there for several hours; after which we re-
move them and weigh again. Of course they have
dried up, having parted with their moisture, and
on weighing we find that they have lost about
four-fifths of their original weight.  So it is plain
that four-fifths of their original weight was water,
which has been driven off as vapour by the
heat.

The leaves may now again be heated in a suit-
able vessel until they burst into flame. After
burning, there remain only charred bits of carbon
or charcoal, which may be allowed to burn on
until nothing is left but a grey ash. This ash we
can destroy no further by burning, as it is the
indestructible mineral residuum of the leaf. After
allowing it to cool, we weigh this ash and find a
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the autumn. And when we speak of the “fall of
the leaf ” it must not be supposed that the leaves
fall off by accident or because the frost has nipped
them. The tree has arranged for this fall long
beforehand. If we examine the scar where a
leaf has recently fallen, we find that it is carefully
protected by a layer of cork or bark-like cells, <o
that no open wound is left into the internal tissues
of the plant.

Fig. 50 shows a section through the portion of
a virginian creeper's stem, where a leaf-stalk joins
it, just before the leaf would have fallen. It will
be seen how the outer bark-like cells had severed
the darker vascular bundles or veins, which go
into the leaf, and had continued their protective
covering between the leaf-stalk and stem, in readi-
ness for the separation which was about to take
place.  Above this is seen, in section, the bud
which had formed in the axil of the leaf, and which
would have remained as such until the following
spring, when it would have developed into a new
branch of the plant.

But from the time that the leaf expands in
spring until it falls in autumn or, in the case of
evergreens, in the following summer, it never
ceases during the hours of sunlight to accumulate
carbon for the plant. It is a familiar fact to every
one, almost, that our atmosphere is always be-



A GREEN LEAF 0

coming polluted by having poured into it enormous
volumes of carbon dioxide, or more familiarly

Fig. so. Section through the base of a leaf-stalk prior
to its fall, showing how the bark cells separate
the tissues

carbonic acid gas. Large manufacturing works
may turn thirty tons or more of this impurity into
the atmosphere in the course of a single day, while
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every living animal is continually inhaling oxygen
or pure air from the atmosphere and converting
it into this carbonic acid gas.

Now, plants, in their development through un-
numbered ages, have used this carbon gas just as
animal-life has used oxygen. So it comes about
that we make a kind of exchange, the animals
supplying the plants with carbon to build up
their tissues, while the plants in return supply the
animals with oxygen, or the ‘“breath of life.”
This is how the leaves fulfil their important func-
tions, in the scheme of Nature.

If we chemically analyse carbon dioxide we
find that it is composed of one part carbon and
two parts oxygen. And if we could take one
part of solid carbon and chemically combine it
with two parts of gaseous oxygen, we should pro-
duce one part of this gaseous carbon dioxide.

Now, when this gas, which is always floating
in the atmosphere, reaches the green leaves this
is exactly what takes place. The leaves first
drink in this carbon gas from the air during sun-
light, after which they chemically [IEC(}mPG.‘-‘iE'itI
that is to say, they break it up into its original
elements—carbon and oxygen ; the carbon they
retain, assimilating it for their own use; the
oxygen, which is of no use to the plant, but which
is so essential to animal life, is returned to the
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atmosphere. But how do the leaves take in this
gas? If we carefully examine the skin-tissue of
plants, especially the underside of the leaves, we
find intermixed with the cells numerous little
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Fig. 51. Some breathing-pores of a monkey p

mouths or pores, Ll['l';ll‘l:,_:‘l:tl sometimes 1N rows, as
in Fig. 51, which represents a portion of the
epidermis of one of the leaves of the araucaria,
or “monkey puzzle.” These tiny mouths open
into the intercellular spaces in the spongy tissue,
and sometimes between the palisade cells, of the
leaf. The section of the pine-leaf which was shown

in Fig. 38 was cut through these tiny mouths or
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openings, which can distinctly be seen around
the edge of the leaf section as light-coloured
slits amongst the dark external tissue. And it
is by means of these mouths that the inter-
change of gases takes place. They open during
sunlight and close during darkness; and it
is estimated that there are in one square
inch of the underside of a lilac leaf 160,000
mouths, where, by way of contrast, in the same
space on the mistletoe leaf only 200 are found.
But it must be remembered that the mistletoe
is a semi-parasitic plant, and therefore does not
altogether earn its own living.

Fig. 52 shows a portion of the skin tissue from
the leaf of a tulip and presents a good illustration
of the manner in which the epidermal cells are
arranged. In the centre of each cell will be seen
the nucleus or life-centre, while amongst the cells
the little mouths or “stomata,” as the botanist
terms them, show plainly.

Through these numerous tiny mouths, then, the
carbon dioxide is absorbed by the leaves, and is
thence passed to the green chlorophyll corpuscles
in the palisade cells for them to perform their
most important function of freeing the oxygen
and retaining the carbon. To these little green
atoms, in fact. we are indebted for the oxygen
without which life would cease to exist.  But this
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is not all. These same atoms supply us and every
living animal, not only with pure air to breathe.

Fig. 52. The epidermal tissue of a tulip leaf, showing
the *‘ stomata” or breathing-pores and cells.

but also with every particle of food that we con-
sume. And again, they supply us with innumer-
able comforts in our home life; they provide

material which we utilise in the making of our
;



82 MINUTE MARVELS OF NATURE

furniture and the building of our homes, as well
as the planks and masts of the mighty vessels
that carry us to other shores. It is estimated that
there are no less than 2,590,000 square miles of
woodland and forest in Canada alone. If we could
travel over this great area and view the enormous
wood-growth that it encloses, at the same time
remembering the fact that it is built up by the
apparently unimportant green leaf, we should un-
doubtedly be impressed with the marvels that
Nature performs with her insignificant units.

After the leaves have separated the carbon, it
is passed on to the internal laboratory of the
plant, where it is at once manufactured into
starches, sugars, oils, &c, which serve to sustain
the plant, build up its structure, and perpetuate
its kind. Much of it goes into temporary store-
houses in the bulky substance of fruits, nuts,
turnips, potatoes, marrows, &c., these, of course,
being designed by the plant for its own use, but
often appropriated by man.

To put the matter clearly, this green chlorophyll
is the mainstay of life. It is the substance which
sustains life and provides material for its regenera-
tion and continuance. For, although we may eat
animal food, the animal must originally obtain its
sustenance from the vegetable world, because the
animal possesses no apparatus for the manufacture
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animals, though the male and female individuals
are not necessarily separate plants or even
separate blossoms. Indeed, the greater number
of flowers consist of both male and female indi-

Fig. 53 The central portion of a male begonin flower
(slightly magnified)

viduals in one bloom. Sometimes, however, the
male and female flowers are separate; and our
illustrations, Figs. 53 and 54, show the central
and essential organs of the two sexes of flowers of
a cultivated begonia, slightly magnified. Fig. 53
represents a male flower and reveals a cluster
of golden-stalked objects with swollen globular
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heads, which the botanist terms “stamens.”
'hese swollen heads or, to be exact, ** anthers,”
play a very important parc in the flower’s history ;
for it is in them that the fructifying pollen-grains

Fig. 54. The central portion of a femule Legonia Aower
(slightly magnified)

are developed and ripened, after which the anthers
burst and shed their thousands of coloured
granules; just at a time when the showy and
coloured parts of the flower, as well as the honey,
are at perfection. For the main function of the
coloured portions of the flower is only advertise-
ment to insects, of good honey or nectar within,
The plant has no interest in providing honey for
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its insect visitors other than the transference of
the pollen to the female blossoms ; as likewise
the insect has no friendly desire to convey these
male fertilising grains to their destination, but
inadvertently does so, owing to the cunning
adaptation of the flower, which dusts it with
pollen-grains while it is gathering the honey.

The second illustration (Fig. 34) exhibits a
striking difference, although it represents a lower
from the same plant, for this is the sister blossom.
[nstead of the crowded pollen-bags we see several
fringed corkscrew-like objects, which collectively
the botanist terms the * stigma,” and these repre-
sent the receptive surface for the pollen-grains
which are rubbed from the legs and bodies of the
winged insects that have previously visited male
flowers. This, then, constitutes the transference
of the pollen by insects, and is sometimes called
“ fertilisation,” although it is merely the means to
that end. Fertilisation has yet to take place, but of
this more anon.

As has been said, however, all flowers will not
be found, like our begonia, to have separate
sexual flowers. If a buttercup, primrose, or
fuchsia-blossom be examined, each will be found to
contain both pollen-producing stamens and recep-
tive stigma ; hence these are male and female
flowers combined.  But plants like the begonia,
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with separate sexual blossoms, are almost certain
to have all their female flowers fertilised by pollen

from neighbour flowers, and so a measure of cross-
fertilisation is brought about, which results in

Fig. 55. Stamens from various flowers, showing poailen-sacs or anthers

(slightly magnified)

better seed than those produced by pollen from
the same flower.

Now that we have seen what a stamen 1s, we
may look into a few flowers for them, and we
shall notice at once that, while some have no
stalks, but consist of anthers or pollen-sacs only,
the greater number are stalked and often con-
spicuous. A few of these are shown slightly
magnified in Fig. 55, the first being that of the

fuchsia, with white pollen-grains bursting from
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invariably gets dusted over with the abundant
pollen, and this it carries to the next flower,

Fig. sh. I'he tubular corolla of the I-.-x-_:lu'..-«-|-|-=-r|'. to show the stamens

in sife (slightly magnihed)

where the stioma is ripe and receptive. IFor
the honey or nectar which it seeks ripens lH_L;t'l]H'r

with the anthers and stigma, the insect, theretore,
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Fig. 57. Pollen-grains falling from the stamens of one of the
mallow flowers (magnified)

urtlitmry forms, often like clusters of jt‘l.'-.'l.'.IH hoth
wonderful and beautiful. Fig, 57 shows a few

stamens from a Hlower of the mallow family with
the pollen-grains falling from them. Each grain,
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it will be seen, bears an individuality, is in fact a
IH‘['I‘L'L‘[ little translucent :-aph:,-rf,-: but this 1s not
all, for, when highly magnified, each is studded
over with regular spiny projections after the

e

- ¥ B 11 T i ¥ ik = 1wl 1=
Fig. 8. opiny pollen-grains of the hollyhock

manner of the hollyhock pollen-grains shown in
Fig. 58. As the mallow family present very fine
p\;unlnh-q of stamens and }]H![t'l‘l, | have ;‘i\,'f-n a
further example of a cluster of ripe stamens from

a common mallow in Fig. 50.
The curious external markings, spines, sculp-

of
turings, and roughened surfaces, and the geo-

metrical forms assumed bv the various kinds of

pollen, not only provide beautiful objects for
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microscopic investigation, but are also of service
in more readily adhering to the hairy legs and

Fig. 60, =ection of the anther or p1-]:.1_'1'.—-.=|- of a lily

showing pallen-grains within

bodies of insects, as well as to the sticky stigma
to which they are subsequently transferred.

[f we make a section through an unripe anther-
sac, such as is shown in Fig. 60, we find the
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pollen-grains dividing up amongst themselves as
the plant growth proceeds to form new grains,
until the sac bursts with its store of ripe fertilising

= >/

Fig. 61. The compound pollen-grains of Catalpa

dust. And this brings us to the pollen-grain itself,
for these tiny and beautiful vegetable atoms exist,
generally speaking, as individual cells, complete
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group as the evening primrose. Indeed, it is,
generally speaking, an easy matter for the botanist

Fig. 63. A portion of the stigma of the evening primrose shown
in section with the pollen-grains emitting pollen-tubes which
penetrate the tissues of the stigma and ovary

to trace the family to which a plant belongs by
examination of the pollen-dust alone; for the
grains usually possess characteristic features,
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although some families develop two or three
well-marked types. Fig. 66 shows a pretty pollen-

grain from the flower of Cobwa scandens, a culti-
vated climbing plant, called in its native country
the *“violet ivy,” and allied to the phloxes of our
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gardens. The family of plants to which the dead-
nettle, mint, sage, thyme, and similar plants

“g. 5. The tinangular pollen-grains of (fodefia

belong are characterised by elliptic pollen-grains
with three, four, or six bands or ridges arranged
I'!.'H'U]Elr']}’ .'L]m]_[_;' the ]t,‘.l];_j.'l.]h l"i_s_:'. (;;* shows some
interesting grains, from a cultivated plant of this
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are considering but a microscopic grain of dust
barely visible to the keenest eye. It is so easy,
when engrossed in microscopic subjects, to forget
how infinitely small is the original before us,

&

Fig. 67. Pollen grains of Monarda, showing the character-
istic ridges of the fLadiate order

Each of these wonderful and beautiful granules
we find perfect in structure and habits, given
favourable conditions, and yet the abundant
quantity that is produced is quite astounding.
It has been estimated that a single flower-head of
dandelion produces on an average no less than
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243,000 pollen-grains, each alike beautifully sculp
tured and formed. And again, in the case ol a
peony, 3,654,000 grains have been recorded, and

as an average for the blossoms of a single rhodo-

dendron bush no fewer than 72,620,000 grains

')

Fig. 68. Spherical pollen-grains of the vegetabie

marrow flower, showing pores

have been estimated. And, since these numbers
apply to flowers fertilised by insects, the enormous
totals that would be reached by wind-fertilised
plants such as pines, firs, birches, poplars, grasses,
&c., are beyond our calculation or even imagina-
tion. These wind-fertilised flowers are usually
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developed in the spring before the leaves, so that
the latter are no obstacle to the pollen, which is
blown in showers from tree to tree, and showers
of pine-pollen are frequently recorded at con-

Fig. 6g. A magnified view of the familiar dust m

pollen of the pine-tree flower

siderable distances from the source of their origin.
Sometimes the pollen from remote woods has fallen
in the streets of towns, giving the surface of the
puddles a sulphur hue, and so has caused alarm to the
inhabitants, who imagined a fall of sulphur had
really taken place, and conceived fears of worse
things to follow, until the microscope plainly
revealed the true nature of the supposed portent.
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interests of those who study the sea-shore in search
of Nature-marvels. These are often best seen
in her most insignificant and apparently un-
important works. To illustrate this, I have
collected almost at random a few tiny specimens
of what would popularly be considered as *sea-
weeds,” if they were considered at all ; for all of
them would find abundant room in a thimble.

But there are often many so called “ sea-weeds "
gathered from the sea-shore by the unscientific
and given a place as ornaments in vases, which
are really not sea-weeds at all. Fig. 70 exhibits
a ‘“‘sea-weed " arrangement of this kind ; although,
as a matter of fact, none of its constituents even
belong to the Vegetable Kingdom, but are placed
by modern biologists with the animals. My
thimbleful of specimens contains many of these
animal-plants, for it is seldom that you can gather
algee or sea-weeds without finding some of these
curtous living growths attached. Nor is it only
adhering to the fronds of algz that we find them,
for it may be from an oyster, or any other shell,
or a bit of wood or stone, that the primary bud
commenced to branch.

These plant-like forms, of symmetrical and
graceful outline, mimic in general appearance
many of the sea-weeds amongst which they live,
and may readily be mistaken for them ; but, if we
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examine some of their structures and learn some-
thing of the strange organisms that build and
inhabit them, we shall see how unlike plants they
really are. Fig. 71 shows a small portion of a
few branches taken from one of those animal-

;

Fig, 71. The branches of an .u11r||.|i-5.[,“|,|; Or """'i‘h}'l"

(magmibed shghtly )

plants slightly magnified. It is branched like a
plant, but if its thread-like branches are examined
they are seen to be notched. Moreover, these
notches are found to have cellular orifices at their
points forming tubular openings into the interior
of the main stem. These openings, as will be seen,
occur along each side of the branch : and each
orifice is tenanted by a tiny living animal, Here,

o

then, we have a colony of animals:; hundreds of little
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cells, each forming the dwelling-place of a 1
inhabitant, which is called a “polype.” Figs. 7

|I||| 72 '.]Ilr'-.'-. H1|Ef'|'l|\U'||iH'_‘ I|]Hl:‘-1"-. tlr.'l}'llf'FHlll"'u”l""q-._

¥ Fi oy -

! 'I||- former Ol I||r { ||:l-~_ ifLr our 1nrsi klu-t'nnz‘rl,
arranged on :|i+|1n=~;ilr sides ol

‘.i||j. ‘.||]JI.||.-.|' cells
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the branches. but, instead of being membranous in
texture. the branches are constructed of an exceed-
ingly beautiful ivory coralline substance, The
example in Fig. 73 reverts again to the mem-

branous structure, but with an entirely different
cellular arrangement. Instead of forming branches,
a leaf or frond-like arrangement is assumed. The
cells are packed and crowded together on each side
of the leafy organisms, which are familiar to seaside
visitors as ‘““sea-mats.”’ Specimens of the natural
size were the broader fronds in Fig. 70, the
branch-like and finer kinds being similar to that

H
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shown slightly magnified in Fig. 71. Wonderful
habitations are these, and built entirely by their
tiny inhabitants.

Remains of similar organisms are found in some

of the oldest rock formations, giving abundant
proof that the type flourished in the remote past.
¥ ossil H|H't'i-f"-. are unearthed from every corner
of our country, the rocks r'mnfnlnill;: as the
record of their existence ; and 1n ]]L; /4

vou may see a small group of them Irom
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Nature. IFor the tenants of these fantastic abodes
are but other kinds ::I‘xunph}'u:&;, which hold an

intermediate place between our own tiny British
specles and those organisms which have built up
thousands of “ coral-reef " islands in the Pacihc

Ocean. extending in some 1nstances hundreds of
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come within reach of one of their spread tentacles
is greedily drawn in, the other tentacles are soon
clasped around it, and it is quickly engulfed and
disappears into the polype's mouth, which the
tentacles surround.

To all appearances they are just little starry
blossoms, almost like the flowers of the apparent
plant that bears them. Yet they are little animals
which greedily gather and devour other living
creatures to support their own substance, and
build the structures in which they dwell. Such is
the general arrangement of all zoophytes ; but
each family varies in its habits and forms. As
will be seen by the illustration, the resemblance of
this animal-structure to a plant is carried to the
length that each new polype appears first like a
bud.

Still again, like a plant producing seed, certain
receptacles are developed which contain minute
egos (see Fig. 71), and, when ripe, open at their
apex by a tiny lid, discharging their contents into
the surrounding water, as a plant-capsule scatters
its seeds in the air. But here the resemblance
ceases ; for, unlike a seed, each egg at this stage
is endowed with locomotion, and swims gaily
about for a time, afterwards settling down upon a
shell or seaweed-frond, where it commences life as
an independent zoophyte on its own account, first
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marbles is due to the remains of extinet zoophytes ;
and fossil corals add to the artistic beauty of other
rock structures by their marvellous effects when

1 1. 77 Section il rm_!. '-:'E'J'.'|..."||_: :I-ll-w-»:] 1_'|_,||.||-
crystallised with other substances. A section of
coralline rock is illustrated in Fig. 77, but no

!:hnh r',‘_:'r':lF}]] can IHHFJr.'I:-. its beauty of tints. How
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[t will be seen that here there are no cellular
arrangements for polypes, but, instead, a pretty

-_-?_l’.qw"".-‘ - "‘-—W
- 4

/

Fig. 78. A portion of the branches of a tiny sea-weed

formation of ‘x'l'{__"t't-'llr]{' cells, their t'nu;'}'-l':'t]. joimits
alternating  with the transparent cells of the

threadlike stem.,
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So the branches of a true sea-weed are alto-
""{.'Lh!'l‘ 1]I1]il{{,' those of I.]‘H' .a’.nn]ﬂ‘!}.'L- g, TLhnm_L_:'h mn

¢

t'-;:-:- 70 A LINY seg-wie '.E scatiening 1s '\.E| WIS, | Cppe '._ nLo :-,1| wiler

structural details they may differ between them-
selves even more than do the zoophytes. In
Fig. 79 a nearly related form is given, but in this
instance bearing fruit. A kind of capsule or
berry containing the spores or seeds is developed
amongst the branches; and some of these

may be seen In various stages of 'i.lCTt]H]m‘lfm[,



Fig. 8o I'he tip of the frond of another delicate sea-weed

velwsel sz shown o the el
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including some just scattering their spores into
the surrounding waters.
To show how beautifully varied are the struc

Fig. 81. Another kind of s=a-weed discl

of sporcs into the sea-water

tures of these tiny plants of the deep, | have
shown the tfp of a frond of a still more t!‘t:;{;mI
form in Fig. 80. This also shows reproductive
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spore-cases amongst its frondlets. And then again,
at I'ig. 81, we have a wonderful photograph of a
capsule of another species just discharging its
crimson spores from its capsule. This calls to
mind the urn-like vessels of the zoophytes which
we have previously examined. But the resem-
blance is only superficial, for it is seen that the
structure of the branches is not adapted for the
little wonder-working polypes.

Now, perchance, some readers of this volume
may, on their holiday visit to the sea-shore, en-
deavour to seek some of these marvels of beauty
and minuteness that we have been considering.
[n that case some very common forms would come
at once under their notice, perhaps testing their
ingenuity to discover whether they were animal-
plants or true sea-weeds. The reason for this
would be that they possess characteristic features of
both. Here, for instance, in Fig. 82 we have the
beautiful white stony and coralline appearance of
some of the zoophytes; but, on the other hand,
there are no orifices for the polypes. The illus-
“tration shows a greatly magnified and also a
natural-size representation of a portion of the
frond. Clusters of these little fronds, an inch or
so in length, form tufted masses of stony foliage,
and line the rocks, or often, like our zoophytes,
grow on old limpet or other shells. But if we
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observe carefully we notice that these are true
sea-weeds, and not animal-plants. Some, instead
of being snowy white, are pink or purple in colour ;
and these are generally living plants. When they
are thrown up on the beach by a gale, to such a
height that the waves cannot again reach them to
carry them back into the water, the sun scorches
their tissue, and they become beautifully bleached,
thus acquiring the chalky appearance that gives
them a resemblance to coral. But what does this
mean? True alge with hard and stony-jointed
fronds ? Well, the fact is simply that we have
here a sea-weed which has acquired the same
power as our zoophytes possessed, of separating
the carbonate of lime from the water. This it
deposits equally over its vegetable tissues, and so
presents the chalky-white foliage we have observed.
Fig. 83 shows a more delicate lime-building weed,
which is found in clusters, resembling white moss,
among the shingle of our beaches.

[t is a remarkable feature of these lowly vege-
tables. that they should possess this strange power
of making lime incrustations from their natural
clement the water, in the same way as the animal
forms which we have been considering. But it is
a characteristic common to innumerable forms
of low life which we have no space here to

consider.
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. . - i x 1 I.
1 he L_"-!'l:l|lr'_1|'i'.l1 ||I---i~-1'j\ O the coralline Al

oOes hil_l'léx Iinto remote agl

oophytes ; and, like them, these families of lime-

incrusting weeds have contributed largely to o
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limestone strata. With the true corals also, they

occur 1n ]];H'Lit;ul;n' abundance, and often form a

1 11 i 1OANTOT
Fig. Ba A etony sea-weed and its companion

tual size shown Lo the leefi
cort of mortar which holds the reef-building
This community of employment

'!'III'.'I]'-. lrl::_“|'1h|"|-, |
Hustrated 1n

between .IIIiII]iI]h .'m-;!l ]J],ml« 15
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O Créeam-C }]. rlll‘t':| ru‘; S, ‘»*.'i[lg‘t:n 1 .-Lml ]]1 J]]if}'{ff}]!‘li)t:t]

with minute hexagonal pits (see Fig. 85). In

I'he eges of the comime house-Hy diamel

warm weather these remain about a day before
hatching, and are just visible to the eye as tiny

white specks; but it is to be feared that the
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successive generations of some species of insects
may make their appearance in the course of a
single year ; and some, like the aphides or *“ green-
flies,” increase their kind by the production of
living young, although they commence primarily
at the beginning of the season from fertilised
eggs laid at the end of the previous autumn
between the winter scales of the leaf-buds. When
the warm sunshine of spring persuades the buds
to open, the young aphides or green-flies are there
to feed and multiply upon the young leaves. No
more eggs are laid until the autumn, for the
offsprings of these eggs are not male and female
insects, but all imperfect mothers which keep
feeding and budding out young just like them-
selves, which again go on budding, and so on,
until one aphis becomes the progenitor of billions
of descendants in the course of its life.

Thus it might well have appeared to our fore-
fathers, who had no accurate knowledge of the
wonderful powers of increase of these tiny crea-
tures, that the atmosphere was “freighted with
insects’ eggs that elude our senses,” and that the
honey-dew which these aphides exude came as
“a peculiar haze or mist loaded with poisonous
miasm.’

Seeing in what abundance the green-flies are
produced, it naturally follows that, unless some



INSECTS' EGGS 197

check was placed upon their increase, all vegeta-
tion would soon be destroyed. Luckily, however,
there are numerous enemies that prey upon them.
Fio. 86 shows the pearly iridescent egg of one of
the hover-flies- ~wasp-like flies that are often seen

Fig. 86. An egg of a hover-fly. 25 diameters

poised by the rapid vibrations of their wings over
plants—these flies usually place their eggs singly
on stems and leaves amongst the aphides, and
when the voracious young larva of the hover-fly
emerges. woe unto those green-flies! The larva
of these flies are remarkable for several curious
features, considering the nature of their food. In
the first place, they are blind ; secondly, they are
footless ; and thirdly, they drop from leaf to
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leaf when searching for aphides in an apparently
reckless manner. Then it is most interesting and
curious to see one of these strange grubs suddenly,
on meeting with an aphis, pick it up clear from
the branch, and then stand upright on its tail end
away from the branch, and remain in this attitude
while it devours it. Thus one juicy fly after
another is taken, sucked dry, and its skin cast
aside so rapidly that, in the course of an hour or
so,a branch that was loaded with aphides becomes
practically clean. And this is only one of the
enemies of the green-fly. The pretty lacewing-
fly also places its dozen or so of curious stalked
eggs—so familiar on lilac and other trees—along
the leaves and branches, from which the larvea
hatch and drop down to assist in devouring the
aphides, protecting themselves by covering their
bodies with their victims’ skins, which they impale
on hooks or spines on their backs. Thus to all
appearance each becomes a portion of the stem
itself covered with aphides as it moves about
“ seeking whom it may devour,” and so it disguises
itself from its own enemies,

In a later chapter 1 shall consider some
parasites that trouble or benefit animal life;
and it may prove interesting here to glance at
a few of the egus of these degraded animals.

Bird parasites present some remarkable forms in
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their egg-structures ; and although a number of

these are not included in the class fnsecta, but more

Fig. 87. LEggs of a bird parasite irom the ground

hornbill. 20 diameters

nearly related to the spider family, yet | have in-
=

cluded them here. Fig. 87 shows the eggs of a para-
site of the Ground Hornbill ; these are deposited
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one above the other in almost parallel lines
between the flattened barbs on the underside of
the feathers.

Fig. 88 shows a peculiar blossom-like form

g. 88. Flower-like eggs of the parasite of the

\ustralian mallee-bird. 3 30 diameters

from the }r;l]';lr;j[l_' of the Australian mallee-bird.
Another of these flower-like examples appears in
[Fig. 8¢, this being taken from the turkey of
JH.IJE!.”_

What purpose these lavish and varied decora-
tions serve in the economy of the embryo is
difficult to ascertain ; but from experiments made
it has been shown that the curved petaloid spines,
¢ is placed under water, rapidly un-

Wil ¥
s L |

when the ¢
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curl. and after straichtening, contract on the lid,
and remain contracted until all moisture has again

evaporated, when they gradually assume their

previous oraceful forms. Possibly they offer some
kind of protection, perhaps associated with a
suitable .'1L[‘|‘|nhirhu'l"u‘ condition which may ensure
the Sutl*{} of the immature }]él]'il:él-[l'.

One of the lml';h‘ilt-r« of the fowl l-ljm some
curious egos, which are illustrated in Fig. go;

‘k".'hi.ll' l]H" gl llL'[ril'[ﬂ a number of ecos from

b T
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the parasite of the Pheasant, attached bv its
natural cement to the quill of the feather. And
as a still further example from familiar birds.
the prettily Ht‘t]l{l[l][‘i'{l and porcelain-like ego

Oy =

Fig.go. Egps of a fow] parasite < orc dlameters

of the parasite of the Peacock are shown in
. B&,

The living matter contained in the tiny eggs
of insects 1is ]Jr'r:ltrn‘.lf-ti irj.' three external coats.
Beside the shell proper there i1s a delicate inner
covering, and on the outside there is usually
added a layer of material secreted from special
glands at the time of depositing. This latter

sometimes forms a coat for one coe, Or a4 Coimimon

r;lia'.||]+- for a number, for all insects do not de l"”‘il
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egos singly, but some, like the common Cockroach
or II"HIH!! “ Black ]J!'L‘l]t',” pre duce a w}'lﬂ[]H'Li'it';L”}'-
marked horny capsule which contains the egwos.
This can frequently be seen by those who are
unfortunate enouch to dwell in cockroach-haunted

places, as the insect carries it about, searching for
a suitable situation in which to place it for the
young cockroaches to emerge.

A chapter on the subject of insects’ eggs would
be very incomplete without including some
examples from the ZLepidoptera, or butterflies and
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mnlhh‘. ’]'}1{15:' are L]Hf [Hr-‘.m‘lh‘ u.-’llic']] we ;ulmirr-
most and recognise with the greatest ease; but,
common as many of them are, {fll]tli}[ll'illi‘.'!‘.]‘y few

of us have ever observed the wonderful ecos

~=5

g, g: Lgps ol a peacock parasite 10 diamerers

which they deposit upon almost every plant that
orows in our gardens and helds.

[f we carefully examine the leaves and stems
of any plants during the summer months, and of
some during the winter, we are almost sure to
find some eggs of butterflies or moths ; and we
have only to place these under a good magnitying
|E.'IH, or ]fn'l.'-ir::‘n.‘n.'!'l' [Hl-I:'I'HHI.'HFH', to ;_j'i"l :‘t"n.:‘].Hic:[h

of some of the most interesting of Nature s minute

marvels. If we like to take the matter seriously,

- | ]Ji'l Lr||r:_:|rrill*1 |||"I[l rn’. ','[||1i.‘.. |.*-. |:|:rr'[]r'|] D 1Ss.
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The egos of most butterflies and moths are
found upon or in the near neighbourhood of the
food-plant of the young larvee.  And here 1s pre-
sented the marvellous instinct of the mother

Fig.g3. Eggs of a moth often found on cabbage leaves

insect : for she knows exactly what leaf-food her

children will need, although she does not eat

leaves and very seldom even obtains any part of

her food from the same plant. DButterflies and

moths in their perfect form have no mouth-organs

—using the word 1n its scientific and not its toy-
K
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shop sense—for masticating vegetable food, but
Instead a long, coiled, sucking tongue or proboscis,
which they unroll to gather honey from the flowers.
And if you watch any common White Cabbage or

}-'.Lz_sﬁ of Privet Hawk Moth as deposited by

the insect.  Natural size

Tortoiseshell butterfly that visits the garden, you
will see how delicately the honey is sipped from
the various flowers. And then the cabbage butter-
Ay flickers away to some choice young cauliflower
mi cabbage and disappears beneath the leaf to

[If‘_IH}Hi[ il.h' fil"l‘.,.'.'h! |II [[H: Sdame n';l}' H‘Hr tnriuiar-
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shell—if you are fortunate enough to have no
nettles in your flower-border—leaves vou for a
period while she seeks among the rough herbage

18- 95 |",_',_;"~ ol Privet Hawk mioth

25 diametes

of some waste land for the stinging plant which
her young caterpillars must feed upon. The
instinct which guides these insects to these parti-
cular plants is one of the most interesting in the
whole realm of Nature. '

On the other hand, sometimes insects make
unpardonable blunders in depositing their eggs in
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places which give no hope for the future larvz.

Many moths, including lappets and swallow-

Fig. gb, [he silvery reticulated eggs of the Currant or Magpie

Moth.

20 diamefers

tails, in the giddy fascination of the electric arc
and other street lights, become so enthusiastic as
to leave their eggs carefully placed over the wires
and globes ; while the other day my laundrywoman,
in a mystified manner, brought me a few inches
of an apron-string just taken from the clothes
line, which was * not like that when she hung
it out.”

A silly moth that usually deposits its eggs on

'



INSECTS' EGGS 149

the cabbage had selected this apron-string as
suitable site on which to deposit, 1 a few

separate batches, several hundred eggs. Fig. 93
shows some eggs of this Cabbage Moth, which 1s

Fig. g7. Eggs of the Blue Underwing Moth
20 diameters
often most erratic in placing its eggs. A nother

batch from the same species on another occasion
was methodically arranged on the outside of my
t'»-'iIldm.r-;.mnv. In this instance, as in the case of
the moths which 1;1}' their eggos on street ]i;_:‘hlr;.
the insect was probably blinded by the light from
the inside at night time and, being unable to
fly away, was obliged to lay her eggs where she
could.

The pretty pale green eggs of the familiar and
handsome 'Privet Hawk Moth are shown in Fig. g4
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of natural size as placed by the parent moth,
while in Fig. 95 several are given magnified

F

Fig. g8. Flat scale-like eggs of the Gray ( hi Moth

to show their granulated and reticulated shell
markings.
Fig. 96 exhibits the silvery reticulated eggs of

the Currant Moth, which are placed upon the
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]i'il\'{“é “[' ":'H?~['|‘H'l'["'-.' -H‘::I: currant 1 'li.“w]]t'.'«. | |t'|'1'
the young caterpillar feeds for a tme; but, as

: : : - “11. 1.
Aautumn illl_JEII'lhl,l.'ll'H'*-al it ]'I.'I..I,Ih;f“-w. a1 silken |Ll|'|-'l'|1|"ll-"| I\.

with a leaf for a covering, so that when the leal

falls to the ground, it remains warmly wrapped
inside. Here it abides in some safety for the
winter ; and in the spring 1t leaves its refuge to
complete its feeding as a caterpillar before becom

ing a chrysalis. Fig. 97 shows another form of
moth's egg, those of the rare Clifden Nonpareil or
Blue Underwing. The eggs of the Gray Chi
Moth (Fig. 98) present yet another type. These
are flat and scale-like, with a slight tendency
to project in the middle. The dark portion that

.'Il?t'll'.“'ﬁ-'. al .I..|]|__' centre .'1!-|:-£'|_|_'l1'- E,,_; [.E:'l I"-"!.:[]: cater-
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pillar coiled up within the ego, showing through
the transparent shell. These were photographed
just before the larvee emerged.

Other moths lay oval flat eggs, like the Small

1g. 100.  An egg of the Brown Hair-streak Butterfly.

o cliameters

Emerald, Fig. 99 ; others, as many of the Thorn
Moths, square, or oblong ones, which they glue in
a line like a row of bricks along the branches. In
fact, the varieties of form and sculpture in the
eges are almost as numerous as the moths them-
selves,

Butterflies’ egos offer equally attractive and
interesting examples. That of the Brown Hair

streak is shown in Fig. 100. These white porce-
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lain-like eggs may be found sometimes during
winter in localities which this Insect frequents,

i . B : 5 < W
hrmly R_;’]Lit.'ti to the twigs of the blac kthorn, where

thev remain from autumn until spring. Fig. 101

shows the egus of the Small Tortoiseshell, which
[ have previously mentioned as being found on
nettles. These are attached to the leaves in
curious clusters or bunches of a hundred or
thereabouts.

The sombre Meadow Brown Butterfly 1s familiar
to every one about haymaking time as it flitters
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about the lanes and open fields, It usually
deposits its tiny and delicately marked egos, illus-
trated in Fig. 102, amongst various orasses, As a

concluding illustration (Fig. 103) I have shown the

o

Fig. 102. Eggs of the common Meadow Brown

Butterfly. 30 diameters

beautiful eogs of the Small ( ‘n]:|n-r *I”[Uq-rlj,-.u-}n'qh
a good search with a hand-glass, amongst dock
leaves in wood-ridings and other places that this
common insect frequents, may reveal.

What purpose do these artistic and microscopic
sculpturings and engravings serve on eggs of
insects? In all of Nature’s minute works we

discover the same lavish fecundity of symmetrical
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details. Oftentimes the smaller the organism the
oreater is its beauty. Many of Natures lowest
creations, smaller by some thousands of times than
these insects’ evos we have glanced at, reveal,

under high magnifying powers, wonders that

eclipse in beauty and elegance of workmanship

anything man can produce. We have caught a
olimpse of these in the lower forms of plant life.
The tiny seeds of garden flowers and weeds
almost invariably reveal on their outer surface,
when magnihed, U.'-n"ildt‘['fll]l.-"'n' diversihied sculptur-
ing and engraving ; and it is not, perhaps, im-
possible that these often similarly coloured and
engraved egos of various insects gain a measure

of protection from such enemies as ichneumons
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with perfect freedom, and positively seems to revel
in them. Some parasites are not by any means
confined to one animal alone. There are catholic
kinds which are found in or upon man, dog, pig, cat,
rat, ox, &c., and always thriving. Canaries and
other cage-birds produce a parasite or mite which
often makes excursions to ‘the persons having
charge of them. The sheep-tick also occasionally
attacks the shepherd. Others of this tribe, in
addition to attacking mammals, are also found on
birds, tortoises (Fig. 104), snakes, and lizards.
Even the bullet-proof hides of the rhinoceros,
and the leathery skin of the hippopotamus, are
subject to the torturing inflictions of a tick. Horny
skins or integuments are of no avail against the
depredations of parasites, whom Nature has armed
with complete sets of surgical instruments for the
express purpose of penetrating them. The great
whale of the deep is worried by them, in addition to
the suckers, barnacles, and other external troubles
with which his skin is sometimes so covered that
it can only be seen in patches. The hide-bound
elephant also has a special parasite with powerful
mouth organs expressly adapted to penetrate his
Armour.

Neither do parasites cease to exist when we
reach the lower shelves of Nature's museum of life.
[nsects, for instance, are no more exempt than



tortoise
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larger animals, as the parasite of the humble-bee
shown in Figs. 105 and 106 will prove. The
humble-bee from which this was taken alighted
one day on the window-frame of the workroom of

Fig. 1e5. Parasite from a humble-bee, one of

seventy-four taken from one bee

the writer, who, being accustomed to the habits of
these insects, took little time to realise that some-
thing was amiss. The bee was performing some
extraordinary gymnastics ; it seemed to be endea-
VOouring to EJ[.’l{'fr' its hind feet in the centre of its
back, which for the bee is the most difficult portion
of its anatomy to reach comfortably. Those wha
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study bees will know that a bee does not perform
antics of this kind without a cause. So we must
find the cause.

On taking up the bee and examining it with a

magnifying-lens, near to where the wings unite
with the body, could be seen asmall patch of pale
yellowish colour, which 1 at once recognised as the
cause of irritation and of the bee’s oymnastics.

The bee was without a doubt unwillingly enter-
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fact that at least four of them can find ample
standing-room on the space occupied by the head
of a pin.  This parasite, like that of the humble-

?_.wvlu.. AT

i

Fig. 108. One of the pincer-like ¢ reans of the

parasite of the beetle, holding a delicate filir

bee, is possessed of a pair of pincer-like organs on
its head, one of which is shown ogreatly magnified
in Fig. 108.

As a concluding illustrated example of insect
parasites we can perhaps find no commoner insect
as a host than the common housefly, which every
one may capture who desires to study its parasitic



166 MINUTE MARVELS OF NATURE

visitors.  Of course, these are rather small, and
may present difficulties in observation. How-
ever, | have shown a few of these considerably

magnified in Fig. 109.

o

Fig. 1og. Parasites of the common hous -Hy

The small size of an animal g¢ives no sort of
immunity from parasitism. There are, for in
stance, many minute creatures that obtain their
sustenance by living inside the tiny green-flies or
aphides which so often infest our choicest plants.

Thus Irii]’:l‘iilf'h attack [J.‘I.I'H.‘-i-iT.l‘h, and the ]:lu*rm-
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17§
o of the nicenn’s nDarasites is » one shown In
Ing of the pigeon s }J.l]"rlhllth is the

Fio. 115, which 1s supposed to confer a beneht

upon the bird by thinning its body-plumage as
the weather grows hot.

useful

Similar slender - bodied and possibly
parasites are found on many birds, including the

domestic fowl, coot, water-hen, house-martin, &c.,












Fig. 117. Parasite common on pike and sticklebacks









Fig. 119. Parasite of the bat
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apparatus which is contained in the proboscis or
trunk of the gad-fly. The organs with the sharp

points, of which there are two, are the blades

which lance the hides of the unfortunate victims.
The [iim of one of these i1s illustrated. much
more highly magnified in Fig. 121, showing

what lance-like w]a_i-'.'m'[ﬂ T.ht,'j-.' 1':-.‘1”}' are. When
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still more highly magnified they are found to be
serrated like a saw on its cutting edge, the teeth
being far too delicate to photograph for repro-

duction. The mandibles or lancets make the

I 12r, Magnified Up ol one of the gnd-0y’s

lnncets

puncture ; the two maville or blood-sucking
organs on either side feel their way into the
puncture and produce a larger flow of blood.  As
showing how perfectly adapted these organs are
for this purpose | have |‘1-|J|‘m]n:'{':| in Fig, 122

e

IIH‘ T.i|| 1}{ one nl' [IH'H{' .'lIr-;u 0On a ].‘tl;_:m' m‘;uh-_
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Fig. 123 gives another view of the mouth organs
b Wt o e il

of the gad-fly, and this will be seen to_differ from

FFig. 120 by the addition of the large dark organ

occupying the central position. ['his, which n

IFig. 122, Magnihed point of gad-tly's

=4

the former ficure was removed for the sake of
clearness, represents the /Zlabium or lower lip
of the insect. There are two sucker-like pads
or lobes at its end, which spread out upon the
flesh of the victim, and so retain a firm hold
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while the weapons are brought into play. The
whole of these delicate yet strong weapons can
be closed up within the outside sheaths, and thus

123 Another view of the gad Hv's muouth

howing the large lower hp

form a tiny tube of surgical ins'ruments that is
barely visible to the human eye.

This voracious insect is by no means indifferent
to man, though he prefers the brute creation.
Not long ago, whilst fishing, a member of this
family of flies alichted on the hand in which I
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to the tip of the sting of a wasp, which will be

shown in a later iliustration. The weapon with

F g Mouth-weapons of the female mie |1I.i1-- showing lanc
L]

the divided end i1s the one referred to n the case

of the gad-fly as serving for a sucker to hold hrm
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to the flesh of a victim while imbibing its blood.
Compare the delicacy and strength of these micro-

s,

\

¢

——

Fig. 125. Head of a male mosquito

.-'-1‘111111.‘ Organs, and the neatness and I‘rt'r‘ll{'(‘l_ order
in which they are put away when not in use, with
any modern, highly iinished case of surgical knives
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or lancets, and we see at a glance that between
Nature's work and man’s there is no comparison,
Turning with relief from the winged insects

which suck our blood to those which mf'rl;_']}' r»;[mi]

our fruit, perhaps the reader would like to see the
organs by which a wasp can bite or cut so deeply
into a plum or a pear. These are shown In
Fig. 126. The large, toothed mandibles at the
side are the mischievous weapons, which work
sideways, and not from above or below. as human
teeth ;|ln. The delicate and beautiful tongue

can be seen in the centre, with other organs
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which serve various purposes in the insect’s daily
life-work.

And here I will leave the insect world tor a
moment, to illustrate the mouth-weapons of the
common spider. When a hungry spider attacks

a fly as big as or larcer than itself, it exhibits a

conhdence 1n its own powers which 1s usually

justithed by results. l.ook at the illustration of
the spider’'s mouth in Fig. 127, and note the
“business’ ends of its chiel weapons. These
two terrible fangs, opening out from the mouth,
are connected with a poison duct in the head of
the creature. The method of the spider is first
to poison his prey, and then to crush its
victim with the apparatus below the g-;L|]_L1?'-
which the illustration well shows: after which

\
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of the fly we will look at another insect, one of

our British Llik'ill_; beetles (to be found m ::11|'|1:|~;

and small streams), which also has an Apparatus

1-L'-I' HL'L'I'&'I]IIILJ_ el \ "wl'l] I]|||-‘] lor IEEF' |I'.I'[=lr--|' ol '-;r‘;'|]|-.l
hu]din;' on to whatever the insect desires to "*l.“-
ture. T hese beetles, the veritable sharks of HI_-,'l'
pools and ditches, are extremely fierce, and attack
voung hsh, I_]'HI-,_'":%_ and .'11]}"thll1;' _~;|n:1]] which |i"l.'*"3‘-; ;

but, inasmuch as the male alone possesses these
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adhesive feet with the sucker-like prominences, it
1s probable that they are only used for capturing
the object of his affections. One of his forefeet
1s shown, highly magnified, in Fig. 1209,

“ig. 129. Foreleg of a water-beetle

The next picture illustrates in Fig. 130 a
more beautiful form of the leg of a water insect.
This is the feathered oar of the water-boatman,
which may usually be seen quietly floating on the
surface of ponds, but, curiously enough, with its
back downwards. This may seem awkward from
our point of view : but the creature lies n “"il.'
JL]J]JJII'I'I'I”_\ motionless, with oars spread out, until
a4 victum AP Proed hﬂ'H, when T.]]l' OArs «re “.’ih!l!'l]

throuch the water, and the prey 1s caught from
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beneath, and this peculiar habit of living upside
down thus assists it in this method of assault. The
shark of the ocean is much more clumsy, because
he swims right side up and has to turn over to
catch his prey, and while he is turning it often
l'.‘.“?l_'.él.l”'*.?'i-.

A discourse upon mnsect weapons would not be

complete without considering at least one insect
sting ; so we will look at the illustration Fig, 131,
in which I have dissected out the poison bag and
sting of the common wasp. The poison bag is
seen above, being a reservoir of formic acid,
which the insect uses when angry. The two
stings are removed from the sheath, that is the
dark-coloured organ which may be seen beneath.
[f the sharp ends of the stings are carefully
observed they will be seen to possess a row of
minute teeth or barbs.

Thus it will be seen that insects, like human
beings, carry cutting weapons and wear them for
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safety in a scabbard. But one would hardly

expect to find an insect carrying a bayonet,

¥ i o 1
131 |'__| on bap and sLing ol A N d ST

like the ichneumon fly whose weapon 1s iHlustrated
in Fio. 122, for the express purpose ol plunging
into livine bodies in order to make a hole for
Its egys. .

The living bodies in this instance happen to be

1:;1_[!‘!']1-IH-II'H, and. after the r|.} has drilled 1ts
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veniences the parasitic visitors, who remain and

- - L1 - r.| . .l ‘.-L
eat the chrysalis. Fhe latter, it is needless to

Fig. 134. Ichneumon flv's foot, with claws for

wlding on

remark, never becomes a butterfly. Another
weapon from another species of ichneumon is
shown in Fig. 133. The pair of long hairy organs

seen 1n each illustration are sensitive organs or
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feelers by which the insects are guided in deposit-
ing their eggs.

A foot from the same ichneumon 1s shown in
Fig. 134. One might think that the poor cater-

Fig. 135 Ichneumon Hly which lays its eggs
in “"blight ™

pillar would have enough to endure from the
ichneumon fly in the way of torture without the
addition of six pairs of these comb-like claws
grip]ﬁllg_{ its soft lit';ti}r, Lo IJ{:I'SIIE!.L].{: it to g’t:nll[.-
submission to the egg-depositing business.

All ichneumon flies do not select caterpillars as
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their hosts; for some species lay their eggs 1In

L
=

oreen aphides or blight so much too familiar on

rose, and other plants. One of these tiny flies is
shown in Fig

o. 135, considerably magnihed. Other
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species prefer even to deposit their egos within
the eggs of their victims.

Another form of insect weapon one would hardly
expect to find is a saw for perforating the branches

g, 137, Lhesaw-fiv's WEenpon

of trees (Fig. 136). These tiny saws, the backs
of which work in grooves alternately, are used by
saw-flies for the same purpose as the weapon of
the ichneumon Hy—namely, for cutting inci-
sions in which to deposit egos. The only differ-
ence between them is that in this case a saw is
used upon wood-tissue instead of a bayonet






206 MINUTE MARVELS OF NATURE

often provides himself with a rope for safety, if he
should lose his foothold. The caterpillar's rope is
a silken thread, which prevents it falling to the
depths below, whither a sudden jerk of the branch
would otherwise precipitate it,
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the wing in vast numbers towards sunset in
spring.

These insects, as well as dragon-flies, alder-
flies, and caddis-flies, are invariably associated
with aquatic surroundings. But why? Because,
while we gazed into the pond at those strange
grub-like creatures, we were only taking a pre-
liminary pecp at these flies in their early or
larval stages, just as, when we examine a cater-
pillar we read only the first—or, to be correct, the
second—chapter in the history of a gorgeously
coloured butterfly or moth.

Generally speaking these aquatic insects spend
by far the greater part of their lives beneath the
water, after which their existence in the winged
or perfect state lasts for a very short while, usually
just long enough for an abrupt mating and laying
of eggs. This of course will bring again to mind
the fairy May-fly, so frequently referred to as the
type of brief and ineffectual life. But in these
references to the brevity of the life of this insect
it is the moraliser's misfortune that he has some-
how forgotten the two or three years of life-
history through which it at last reaches the
winged state.

Indeed the life of the May-fly is by no means
short, considered from an insect point of view,
although it is true that in the winged state its












212 MINUTE MARVELS OF NATURE

species, its metamorphoses are completed, and
the animal leaves the water to become a winged
May-fly. Fig. 140 shows the larva of a May-fly.

It is a mistake to suppose that May-flies m;l}'

Fig. 140, Larva ol Maw-Hy

< 4 dimmeters

appear during May, as various species arrive at
maturity at different periods during the summer
months.  But the regularity of emergence of each
species i1s remarkable, and the phenomenon of the
sudden appearance of immense swarms without
any warning is a spectacle which familiarity never
stales,

The 7ise, as it is called, of the flies usually takes






Fig, 141. Exuvium, or the cast skin of a May-tly.

¥ 20 diameters
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oblong in shape, with a narrowed point at the top,
and arranged standing on their ends. Gene rally
there are many hundred eggs in each cluster.
Sometimes the egos are placed several yards

"'r

‘\' --....

Y\

-

'Ir
-r-"|l

--h

ek

Fig, 144. An alder-flv. . 7 diameters

away from the pond, which makes it extremely
awkward for the young larvae when hatched, for
their aquatic instincts at once manifest themselves.
However, they proceed with all possible speed to
the nearest water-course and so drift down to the
ponds, and at once become denizens of the muddy
depths. How they find their way is one of those
instinctive mysteries often exhibited by insect
larvee. These larvee feed on other insect-larve,
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notably those of the May-fly and caddis-fly, for
which purpose Nature has provided them u:'irh A
pair of powerful biting mandibles, which mav be
seen in the illustration Fig. 146. The filaments

Fig. 145. Eggs of the alder-fiy on the leaf of

the common iris or yellow flag

which appear at the sides of the abdomen are the
animal’s breathing organs.

About May or June the larva has done feeding;
it leaves the water and burrows in the earth,
perhaps several yards from the pond ; and thence,
after an interval of two or three weeks, the clumsy
”} l"'l]'li"f':,l_{{'!";. [i“'\. AlNC Ill[il{' !':l.f"i:L' LD FHFHHE'{'.

being slow on the wing.
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Of the caddis-flies the British Isles have no
fewer than 150 species. The larger of these 1nsects
beoin to fly as nisht approaches, being of nocturnal

-

Fig. 146 Larva of the alder-fly

3 diameters

habits. Hence Lht'}‘ may I'L‘iuli]}‘ be mistaken for
moths. Their wings are semi-transparent and of
various shades of brown, occasionally adorned with
markings, though they have not the innumerable
tiny scales arranged on each side as in the case
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of moths. Fig. 147 illustrates a caddis-fly, which
has been slightly magnified in order to show its
structure.,

Caddis-worms divested of their cases are familiar

Fig. r47. A caddis-fly, 3 dinmeters

to every disciple of the * gentle art.” In Fig. 148
one of these is shown slightly magnified. The
head and legs are protected by being hard and
horny, but the hinder part of the body is white
and soft, and it is to protect these parts that the
larva so assiduously builds its portable tunnel.
The larvae of these insects are extremely
Interesting on account of this curious habit of
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building cases or tubes in which to protect the
more tender parts of their bodies from sticklebacks
and other enemies. As soon as they leave the

f".:_; 148 v\ caddis-worm denuded of 1is case

} dhameters

egg the caddis-grubs commence building, the
different species and families each manufacturing
their dwelling-places in different forms and of

different materials. Even individuals of the same
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species will often use a variety of substances
which happen to be near at hand. Fig. 149

| RTYE
d1s it

AR I

Fig. 149. Specimens of the cases built by caddis-worms,
Matural size

shows a number of these cases made of various
substances and in many forms. The first 1s built

of water-logged bits of stick cut to suitable sizes






226 MINUTE MARVELS OF NATURE

their tubes in a remarkably short time. From
several of the cases shown on the photograph |

h;ul [O remove '[hl‘.il' i]‘nn;lu'r-; f_ul‘ 1]1:.’ pm‘!mm- nl‘

Magnified view of the end of the body of

Showing the hooks by means of

Fig. 150,

i caddis-larva,

which it retains attachment to 1ts case

These | then .~+1||;I:1iq-¢| with the

this i1llustration.
two old cases, ‘».".'hii']'l. alter

remnants of one or
turning them over suspiciously for some time,
while probably thinking of hungry sticklebacks,
they at last |hr'm't-l-111-41 to work together with all
- ‘rom the time of removal

-ppr-m! INto New cases.
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of their own cases until they were completely en-
cased in a new tube, they occupied just about three
hours : which, considering that they had no choice

of material other than that provided, appeared to
me to be rather smart work.

To remove a caddis-worm from its case 1S no
easy matter, and if | refer my reader to Fig. 150,
where is shown a magnified view of the latter end
of the body of a caddis-grub, showing the horny
hooks by means of which it retains hold of its
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magnified view of the tips of a pair of the wings of
one of the more delicate forms, which, although the

e —— = —
! ol s

e S e e a e — —— R —
¥

Fig. 153. Head of the larva of a dragon-fly.

Magnified o show the mask and true jaws below

nervures are frail, are strengthened one with
another until 1hcf}; can be used with considerable
muscular force, and so attain the speed necessary
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to these insects when hawking after their prey ;
for in their perfect state the carnivorous habit

still remains with them.
When one of the larger kinds of dragon-fly is

Fig. 154. Tips of the wings of a dragon-ily.
Magnified to exhibit the structure

seen continually gliding and returning along some
hedgerow or woodland glade, we may know it is
overtaking and capturing smaller insects less
swift of wing. These are often retained in the
mouth until a sufficient quantity for a square
meal is obtained, when the insect rests and masti-
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cares iln i-tm.'l. “'.;lilt‘!' ':';L|rlli1'ill_'_'1 el r]l'.L:_:HH |]‘-.' On
the wing, its mouth is opened and examined with
a pocket lens, it 1S most frequently found to con-
tain a mass of small insects, and sometimes half-

chewed parts of ]iLI‘:,_t'['I' insects. On recently

capturing a dragon-fly and butterfly in the net at
the same time— possibly the former was chasing
the latter [ observed that the butterly had a
large piece cut abruptly out from both wings,
'-J.']I-Ilh WwWere I:|+|~1|'|| [1I_'__"I'1|"_-!‘!'. [[]'II]'I"I]'i.'!'IE"_". after-
wards | saw the missing portion rapidly disappear-

ino into the mouth of the dragon-fly. The face
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in order supply their place, new teeth being
formed at the back to succeed the others.

Lest any incredulous reader should disbelieve
the statement as to this vast number of teeth, I

Fig. 156. Portion of palate of edible snail,
showing its numerous teeth

would ask him to study the micrograph (Fig. 156)
of a portion of the palate or tongue of a snail with
its numerous rows of teeth, as seen by the micro-
scope. This ribbon of teeth serves as a sort of
rasp whereby our vegetables can speedily be cut
down, as every gardener knows.

By means of these tiny and wonderful teeth
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the individuality of the different genera and even
species is recognised, so much differentiation of
structure being found in the palates of the various
molluscs. The contents of the small circle on

Fig. 157. The small circle on Fig. 156 contains
these teeth

Fig. 156 I have photographed under considerably
greater magnifying power (Fig. 157) to show the
structure and arrangement of this marvellous
dental display. These teeth are translucent,
silicious, glossy, and beautiful to look upon when
illuminated and seen under the microscope.
Some species remind you of row upon row of
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bavonets, needles, spikes, &c., while many are
barbed along their trenchant edges. In Iig. 155
a beautiful example is given, showing numerous

rows of various kinds of teeth on the same }':.‘Ll;th*.

—
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Here we leave the snail family, and take up one
of the slug species. The illustration in Fig. 159
is from a slug of carnivorous habits, which feeds
on the common earth-worms. Worms, being tough
and tricky, require a somewhat different digestive
apparatus. On looking at our illustration, it will
be seen that the teeth are long, slender, barbed
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when the fly is feeding ; but here its wondertful

and marvellous structure is immensely magnified.

Fig. 160. Proboscis, or tongue, of common blow-fly

T'he blow-fly feeds by suction, not being accom-
modated like the snail or slug with teeth unlimited,
and the complex series of channels or sucking
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tubes converging to the two larger ones, each tube
kept open by numerous horny half-rings, scarcely
visible on the photograph, constitute together

—

Fig. 161. Proboscis of a hover-fly

with other internal parts a marvellous mechanism
for facilitating the flow of fluid substances by
capillary attraction towards the mouth. During
the process, saliva is first secreted by the salivary
ducts and rubbed about until some of the food-
stuff is dissolved, after which it is sucked up again.
The two bristly club-shaped organs on each side
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are termed by scientists the maxillary palpr ; their
exact function is, however, doubtful without
further evidence. They are undoubtedly organs
of a sensitive nature, and may be associated with
the sense of taste, or smell, or may perhaps indi-

Fig. 162. Tongue of a butlerfly

cate a sense of which our human experience tells
us nothing. At the base of these palps is the
spot where the proboscis unites with the more
internal parts. Such is the wonderful proboscis
or tongue which the much-abused bluebottle
possesses.  In the chapter dealing with * Insects’
Eggs” 1 had something to say concerning hover
flies. At Fig. 161 is shown the proboscis of one
of these flies, which are very active agents in the
fertilisation of flowers. The proboscis in this
Q
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Instance 1s long and well adapted for reac }m]rr
the d {[}t]h of flower blooms. for when these in-

sects are fully :h-w:]::lu-:] they give up their larval

e e e e —

Fig, 163 Hart of the mouth of a stag-beetle

showing 1ts brush-like tongue

habits of devouring aphides, and become vegetable
feeders upon honey and probably pollen.

.|H~«[ one other example of a sucking proboscis,
but with a different arrangement. The coiled
watchspring-like form in IFig. 162 is the tongue

of a common and beautiful buttertly. This re-
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worthy of inspection. Fig. 166 shows some taken
from the familiar © woolly-bear ” or larva of the
['iger Moth ; and these. as the illustration shows

Fig. 165. Markings on wing of butterfly,
showing seales £r stliu

are not just the simple hairs they seem, but are
beset with bristly fibrils along their length. Again
the hairs from the large humble bee (Fig. 167)
show that these branched hairs are not confined
Ly (';Ll,{rrpm.'trﬁ_ EHJL are HHIIH'H!'I'I!:.‘-] found on }:(‘l‘ll'l‘l
insects. And, as the scales of insects are but
modified hairs, the leg of the Tiger Moth shown at
Fig. 168 may be interesting as :-;|'|nu'ini_;' scales and

hairs growing together.
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The dried skins of various fishes also offer
interesting and beautiful examples for the tyro to
investicate with the microscope. Fish scales are

Fig. 166. Hairs of “ woolly-bear ™ caterpillar

contained in distinct membranous sacs of the cutis
or skin proper; and above the scales is a fine
membrane or skin layer quite distinct from the
cutis, although the rough scaly bodies of some
fishes scarcely appear to the unaided eye to be
thus covered. The dried skins of the dog-fishes,
which latter are of common occurrence in British
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seas, and of little commercial value, provide pretty
objects for the microscope ; Fig. 169 illustrates
this. The skin of these fishes is sometimes used

Fig. 167. Hairs of a humble bee

as a substitute for sand-paper, and employed by
joiners for polishing the surface of fine woods to
show up the grain.

But, as every microscopist may not meet with
a dog-fish, let us glance at other and more familiar
examples of fish-skins. IFor instance, Iig. 170
shows a small portion of the skin of the sole, a
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beautiful and easily obtained object. Again, the
skin of the eel may likewise be considered. In

this instance the scales do not project above the

surface. hence the ;mptﬂ:tr iIH}H't‘.‘-;HiHH that the
Hlip]u:r}‘ eel has no scales. However, a fragcment

of the dried skin is shown in Fig. 171 sufficiently
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magnified to reveal its scales. These are covered
externally with the fine membrane which contains
the pigment cells. These can be seen as dark-
coloured spots amongst the scales. The scales

Fig. 16g. The scaly skin of the dog-fish

themselves can be removed, and are composed of
a number of rounded or angular bodies impreg-
nated with calcareous matter. One of these
scales, considerably magnified, 1s shown in
Fig. 172. Those readers who keep gold-fish
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may profitably examine the scales of these ; and
one is shown in Fig. 173.
If the taste of my readers 1s not with the

fishes, they may readily turn to the birds, whose
feathers present many interesting examples of
minute details.

IF'eathers may be regarded as composed of
doubly or triply pinnatifid hairs, and consist of
the ”1|ui"" or central axis which carrv the
“barbs,” which latter together form the * vane.”
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The barbs lie opposite to each other on each side
of the shaft, and fit so closely together as to form
a compact and flattened plane, except that each
barb has its edge arranged so as to cover the

Fig. 171.  The skin of the eel, showing
its scale

base of the barb preceding it. At the tips of
the barbs issue fine and often long cilia or thread-
like lashes, which interlace with the neighbouring
barbs.  Under high magnifying powers these
threads are seen to possess various contrivances,
such as tiny hooks, knots, &c., arranged so that
the edge, terminating with a row of hooks, meets
at angle with the plain bar-like edges of several
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of its neighbours, so that the whole become con-
verted into a flat elastic web or plane, by means of
which the bird can exert pressure upon the air.
These tiny hooklets, although so minute, are
therefore very important.

[Lvery one has on handling a flattened feather
found how difhcult, if not quite impossible, it is
after once disarranging the barbs to rearrange
them again; and Figs. 174 and 175 will explain
how beautifully these barbs are interlaced, and
how when once disordered it is only by chance
that they can be rearranged. The tiny hooklets
would require very much higher powers to examine,
beino extremely delicate.
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All feathers are not arranged on this plan, in
fact different species of birds have their feathers
adapted to their special circumstances in life : for
example, the ostrich having developed running

Fig. 173. Scale from a gold-fsl

}}|'f;l;f']]‘1i{i["k n [H'!'j-'!‘l'[‘H[‘!' L I']}'il}_'__ix has lost the
character of ”}.'I'H.:J. feathers and cle'\w'lil]h['l] the
familiar waving ]J!l!l'l‘l‘.'--. of commerce, A portion
of a feather of an ostrich 1s illustrated 1n !'|f.:- 1 70,
-.}|r;1.,'.,'|'|1-__- the loose barbs or f-I|I]'I-|H, which, on com

. - + I.! 4 ]
parison with those of the humming bird and
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condor previously shown, will quite account for
their difference in outward appearance.
Another example from the same order of flight-

Fig. 174. A portion of the feather of a humming

bird, showing how the barbs interlace

less birds is given in Fig. 177. This represents the
feather of an emu, whose plumage somewhat resem-
bles long fur as it hangs down on either side of the
bird's body from the central parting line which
runs down the middle of the back. Penguins
birds which dive and swim instead of flying—
develop but small and scaly feathers
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Another curious example of a feather is given
in Fig. 178. The original was taken from the

owl, whose plumage is soft and downy; and why ?

Fig. 175. Feather of condor, also showin

II'I'.-I".'].[L'II'IJ:_ IJ{ [III.' rl]ll iI"".-

[
B

The owl hunts its prey by night, and as field mice
and small birds are quick in their movements 1if
alarmed, the owl is provided with loose and soft
plumage, so that in flight it is almost noiseless.
Having ¢lanced at some insects’ hairs and
birds' feathers, we may, in conclusion, consider
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some hairs of mammals. Hairs partake of
the same structure as the skin, and do not,

as their appearance suggests, arise from just

the surface. They originate in follicles or
pouches which penetrate into the different layers
of the skin, and they may be I'{'j__’l'}tl'{]f,‘l]- as
modified skin structures. A section cut through
the skin of a mouse is shown in Fig. 179, and
this will give a better idea than any description

K



Feather of an emu
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of how the base or bulb of the hair is embedded
in the skin and passes out to the surface through
a kind of little sheath. The human skin when

siow how the hairs onginate from bulbs below the

seen in section shows similar hair develop-
ment.

The colour of the hair is derived from pigment
oranules contained in a layer of cells between the
outer cuticle layer and the true skin. These
granules are very minute and appear abundantly
in healthy hair, and are mostly arranged in lines
between the elongated and elastic cells of the
cortex or exterior of the hair.
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'be hairs of the mouse and other rodents
exhibit beautiful and interesting examples of hair
structure on account of the drrangement of their
air-cells. The mouse hair, Fio. 180, shows an

o |

Fig. 180. Mouse hair

arrangement in the larger hairs of three longitu-
vinal series of cells, while the finer hairs have but
one or two rows of cells,

Human hairs do not present such pretty exam-
ples as some of those of the lower animals. A
few shavings from the human beard are shown at
Fig. 181. These it will be observed present a
ong their centres, and this is

fi.‘lr‘]{ il!h}!f'rl!'il”!'f' el
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not 1!L[{' LD T.f‘tt* q'ni::ln'i]]; ]]'i_L_:'II'I.I‘HT__ [}1|[ ;a u"ﬂ'ﬂ]}_.:
to the air contained in them. The 1'|r||hI||']I]]:L_:

matter 1s t'unmim-ai N lilr' outer or .L-q.r'{|[_-,|| {_‘1']]

layer.

Most animal hairs make interesting objects for
microscopic investigation, and by a little practice
sections of hairs may be cut with a sharp razor,
after tying a little bundle together and dipping in
glue and allowing to dry, afterwards dissolving off

the :L__:lL:IL,'. Hair sections sometimes are hLl]'[]i'ih—
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ingly pretty. FIig. 182 illustrates a curious type,
being several sections cut through the whisker
hairs of a lioness. In Fig. 183 is another example
from the hairs of one of the American peccaries,

Fig. 182. Section of the whisker hairs of a lloness

which are not unlike small pigs in their appearance
and habits. Lastly, sections are shown from the
hairs of the African elephant in Fig. 184, although
this oreat creature seldom has many hairs to spare
for scientific purposes, only having a fringe of a
few long hairs at the extremity of its tail.

And now that we have glanced at many and
various kinds of plant and animal organisations,

and learnt, I trust, that all are wonderfully and



Fig. 183. Sections of the hairs of an American peccary

Fig. 184. Sections of the tail hairs of the African elephant

































Sir Robert Ball recommends **Astronomy for Everybody’’
as the best book to be put in the hands of a beginner who
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