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FONDS AND DITCHES.

CHAPTER L

STILL WATERS.

IN ma the present series of volumes, “ Lakes and
Rivers” have already been provided for, which may be
interpreted as including all fresh-waters having a cur-
rent, but exclusive of standing pools and stagnant
ditches. This at first sight might appear to be a
distinction without a difference, but we hope to make
1t appear that there is a very considerable difference
between the two. The volume just alluded to in-
cludes the valleys through which the streams pursue
their course, the plants which inhabit the low marshy
land on each side the channel, the animals and birds
that are peculiar to low-lying districts, and, above all,
the fishes which swim in the fresh waters, and the
insects which live and die upon their banks. All
these belong especially to rivers and lakes with their
surroundings ; but it will at once become evident to
the naturalist that there remains a large aquatic
region, with its own fauna and flora, untouched by
books limited to the sea on the one hand, and to run-
ning"waters on the other. The few plants which are to
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be found in streams are not the same as those which
choke up stagnant ditches, or flourish in profusion in
ponds, in many of which fishes would disdain to
dwell.

Definitions are unsatisfactory generalizations in
the majority of instances, to which this 1s hardly an
exception. It is not easy to define in a few words
the area over which our wanderings are intended to
extend ; this will become more evident from a perusal
of the whole work. It may be premised, however,
that in commons, marshes, and low districts, there
are miles after miles of ditches which have no.per-
ceptible current, only varying in height, not with the
tides, but only with wet or dry seasons; ditches in
which vegetation appears to run wild, three-fourths of
the surface being covered with the leaves of aquatic
plants, or a green scum, and whose dark waters, im-
pregnated with the decay of plants, have sometimes
an unmistakable odour. Such ditches swarm with
living creatures too numerous for more than a small
portion to come under our notice. Then again there
are more recent openings, *turbaries,” straight cut-
tings made in marshy land by digging out the turf or
peat for fuel. In some counties the mileage of such
cuttings is by no means insignificant. May we not
also to a considerable extent include canals within
the terms of our definition? certainly it will be con-
ceded that ornamental waters cut out to adorn a
park, or add to the prospect of a mansion, come
within the scope of still waters. Add to these also
ponds and reservoirs, fish-ponds, duck-ponds, horse-
ponds, ponds upon commons, moors, heaths, or be-



STILL WATERS. o

side the village green. Wherever there is an expanse
of water not even larger than could be covered with
a blanket, or a ditch no wider than can be straddled
over, if there is no perceptible flow or current, then
we claim for it the definition of “still waters,” and
extend over it our jurisdiction. It is not by any
means the largest pond or the widest ditch that
yields the most interesting objects, for a little puddle
on a common scarcely more than a yard square may
be a prolific hunting ground ; and if we bear in mind
that we are rambling beside s#// waters, the limits of
our domain will be sufficiently indicated.

If we confine ourselves absolutely to aquatic plants
and animals, excluding all the vegetation of the
banks, all the birds of the air, all the fishes that
swim, it may be urged that very little is left to us,
either to give interest to a volume, or a ramble,
except very Ziffle creatures, and very insignificant
plants. This may be true, but size is no attri-
bute of beauty, and the smallest and meanest
creature that crawls may teach us something. In
all the volumes contained in this series hitherto,
the objects have at any rate been visible to the
naked eye; amongst the animal world, very few
have been smaller than the housefly, and yet this
insect occupies, for size, about the middle place
in creation. It has been calculated that between
the elephant, as representing the largest animal
known, on the one hand, and the most minute living
creature yet discovered on the other, the middle
position, as regards bulk, between the largest and
the smallest, would be that of an insect the size of
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the common house-fly. Surely we know only half
creation if we ignore all beneath this limit, and it
shall be our excuse that, in defence of half the world,
this book is written.

At once it becomes our duty to confess that, al-
though we shall endeavour not to write of animals
smaller than can be seen with an ordinary pocket-
lens, it is our intention to introduce our readers to a
number of very minute organized beings, creatures
whose whole world is a little puddle of water, who
are born, and die, and leave behind them a progeny
like themselves, and yet their place in creation may
be represented by the punctuation point at the end of
this sentence.

What said Charles Kingsley ?>—* The zoophytes
and microscopic animalcules which people every
shore, and every drop of water, have been now raised
to a rank in the human mind more important, per-
haps, than even those gigantic monsters, whose mo-
dels fill the lake at the Crystal Palace. The research
which has been bestowed for the last century upon
these once-unnoticed atomies has well repaid itself ;
for from no branch of physical science has more
been learnt of the scientia scientiarum, the priceless
art of learning ; no branch of science has more
utterly confounded the wisdom of the wise, shattered
to pieces systems and theories, and the idolatry of
arbitrary names, and taught men to be silent while
his Maker speaks, than this apparent pedantry of zoo-
phylology, in which our old distinctions of ¢animal,’
‘ vegetable,’ and ‘mineral,’ are trembling in the
balance, seemingly ready to vanish like their fellows
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—* the four elements’ of fire, earth, air, and water.
No branch of science has helped so much to sweep
away that sensuous idolatry of mere size, which
tempts man to admire and respect objects in pro-
portion to the number of feet or inches which they
occupy in space. No branch ef science, moreover,
has been more humbling to the boasted rapidity
and omnipotence of the human reason, or has more
taught those who have eyes to see, and hearts to
understand, how weak and wayward, staggering and
slow, are the steps of our fallen race (rapid and
triumphant enough in that broad road of theories
which leads to intellectual destruction), whensoever
they tread the narrow path of true science, which
leads (if I may be allowed to transfer our Lord’s
great parable from moral to intellectual matters) to
life ; to the living and permanent knowledge of living
things, and of the laws of their existence.”!

At once, then, let us make bold and candid con-
fession that henceforth our interest in a fellow-in-
habitant of God’s world is not a question of inches,
or parts of an inch, and that magnitude is no cri-
terion of admission into our investigations.

There should be no misconception as to the neces-
sities of rambles of such a description. Those who
go abroad in search of absolutely microscopical ob-
jects do not carry a microscope with them, and our
ramblers need not be provided with any other help
for their eyes than a pocket-lens of an inch focus,
carried in the waistcoat-pocket. This will be all that

1 ¢ Glaucus, or Wonders of the Shore,” p. 33.
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is needed for the work at the pond, but the examina-
tion and investigation of all the beauties which these
organisms exhibit implies afterwards the use of the
microscope. Yet, even without the microscope, how
much may be learnt, what interest may be excited ?
A bottle of water-fleas, held up to the light, may
afford considerable pleasure ; their jerky movements,
their vivacity, and their mode of life may be seen
and watched even with the unaided eye ; but to count
their legs, to see the movements going on within
their transparent bodies, will require other help.

This 1s not a plea on behalf of the minute or-
ganisms alone, it applies equally to larger animals
and plants, The curious structure of bat’s hair, a
bird’s feather, a butterfly’s wing, the florets of a daisy,
the sting of a nettle, are all hidden from the naked
eye, and no one can claim the title of naturalist who
ignores the use of the microscope. In our closing
chapter, we propose giving such hints as may be
necessary to follow up the investigations to which
the chapters which precede it are only an intro-
duction.

There 1s little need for apology on behalf of a
volume which comes into existence without a com-
petitor. The nearest approach dates from twenty
years ago, but even this made no attempt to cover
more than a portion of the ground which we have
essayed. In an age of books it is strange that the
rambler beside ponds and ditches should have been
left without a pocket-companion. And now that we
venture to believe in the existence of some who de-
sire such counsel, we cannot but link it with a faith



STILL WATERS. 13

in the ultimate satisfaction which follows from a per-
sistent endeavour to search out the unseen works of
the Creator. The pursuit of such studies, in their
lowest results, is a good school for the exercise of
patience and perseverance, and in their highest, it
brings one Into contact with the manifestations of
Divine power, as exhibited in a world hidden from
the uninquiring eye, but withal as wonderful, if not
even more astonishing, than that in which we live,
and move, and which we contemplate with unaided
sight. The student who brings with him a desire to
see the Maker revealed in His works, will never re-
pent having wandered over an untrodden field.

Some of the attributes of the student of Nature are
admirably portrayed by an author already quoted,
and may fitly close this introduction :—* He should
be brave and enterprising, and withal patient and
undaunted ; not merely in travel, but in investiga-
tion ; knowing (as Lord Bacon might have put it),
that the kingdom of Nature, like the kingdom of
Heaven, must be taken by violence, and that only to
those who knock long and earnestly does the great
mother open the doors of her sanctuary. He must
be of a reverent turn of mind also, not rashly dis-
crediting any reports, however vague and fragmentary,
giving man credit always for some germ of worth,
and giving Nature credit for an inexhaustible fertility
and variety, which will keep him his life long always
reverent, yet never superstitious; wondering at the
commonest, but not surprized by the most strange ;
free from the 1dols of size and sensuous loveliness ;
able to see grandeur in the minutest objects, beauty
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CHAPTER IL

FLOWERING PLANTS.

THOSE who expect to find in marshes and swampy
places the same flowers and plants as are familiar to
them in lanes and woodlands, will be very much dis-
appointed. There is such a marked distinction be-
tween the character of the plants found growing in
low swampy places, marshes, and bogs, and those
habitual to pastures, woods, and hedge-rows, that the
young botanist will find himself in presence of as
distinct a flora as if he were to travel to some foreign
country. So many of the usual inhabitants of such
localities are enumerated in a companion volume to
the present,! that it is our intention to allude only to
those which are thoroughly aquatic in their habits,
that is to say, to plants which will be found growing
in the water of ponds and ditches, rather than to
those which flourish only on their margins. Rivers
and running streams are very deficient in growing
plants, except along their borders, whilst stagnant
waters teem with growing plants of various kinds,
large and small, many being so very minute as to be
almost, or quite, invisible to the naked eye. Flower-
ing-plants, or those which produce conspicuous

1 ¢ ] akes and Rivers.”
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flowers, are always large enough to be seen. What
an inexhaustible store for investigation will be pre-
sented by a single stagnant ditch, choked with
vegetation, such as Norfolk, Cambridgeshire, and
Lincolnshire could furnish.

Almost the first plant which would attract notice

WATER CROWFOOT.

in ponds and some ditches would be the little white
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flowers of the Water Crowfoot,! just peering above
the surface of the water. The leaves are submerged
and veryvariable, the upper ones being three-lobed, but
the lower ones almost skeletons. The great variability
of this plant has led some botanists to regard many
of the forms as distinct species, but this need not
trouble us, who are content to regard them all as
simply the Water Crowfoot. This plant is so com-
mon that it should be at once recognized ; indeed, it is
essential that all the ordinary flowering-plants which
grow in ditches should be readily distinguished, on
account of the large number of minute animals which
will be found adhering to them, so that hereafter we
shall constantly have to refer to the names of plants
which we are now about briefly to describe.

Still more imposing in appearance are the White?
and Yellow Water Lily,® their large, smooth, glossy
leaves lying on the surface of the water. It has been
asserted that the flowers of the latter have the odour
of brandy, and hence in Norfolk are called * Brandy-
bottle.” As far as our experience of Norfolk goes, it
is the flask-shaped seed vessels which are called
“ Brandy-bottles,” from their resemblance to a flask.
The water-lilies are the noblest of British aquatic
plants, and the under surface of the broad-spread-
ing leaves afford shelter and a home for many a
minute animal. The sacred Lotus of Egypt and
India was a water-lily, and its flowers were largely
employed in the sculptures which decorated their

V Ranunculus aguatilis, * Nymphaa alba,
} 3 Nuphar lutea.
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temples. The Water Villarsia! is too uncommon a
plant to cause much trouble in its identification. It
has somewhat the habit of a small water-lily.

YELLOW WATER-LILY,

There are two very prominent plants in ditches
from their tall erect straggling mode of flowering.

Y Villarsia nympheoides,
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Here we may notice a very insignificant little plant,
as far as size and appearance is concerned, but most
remarkable for its rapidity of increase. This 1s
sometimes called the American Water-Weed ! because
it was introduced from that |
country. It is believed to S8
have come over with some ™%
timber and thus got trans-
planted into the canal near
Market Harborough about the
year 1847, and from thence
spread over England. Five
years previous to this it was
found in a pond in Berwick-
shire, from whence it pro-
bably made its way in Scot-
land. The plant grows
entirely in the water in dense
masses, with a thin brittle
stem around which the leaves,
about half-an-inch long, grow
in threes or fours. As only
the female plant is known in
this country, its entire diffu-
sion has been by joints, or
portions broken off, and not
by seeds. In 1851 the plant
was noticed in the river between Ely and Cam-
bridge, since which time it has increased so rapidly
that it has become the greatest source of annoy-

AMERICAN WATER-WEED.

VU Anacharis alsinastrum.
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ance to watermen and navigation seems almost to
be arrested by it. The railway dock at Ely became
so choked with it that several tons had to be lifted
out. It is difficult to say where in the three kingdoms
it may not now be found. With its serious faults, it has
also one small feature of utility, since it is one of the
best plants for

cultivation in a f [ & @ G-
=5 [ iy |‘ *—._..__ 1

small fresh - 7S b WG

water aqua- p N @ )

rium, where it () (% :
grows rapidly, ; '
oxygenates the water freely, 4 S
and some of our readers may X Bl
experience its value if they 2 ‘ ‘
desire to carry out the sug- ' = | 4
gestions which occur in our v N
volume. T
Of totally submerged plants
the Pond-Weeds are amongst
the most common. There are
several kinds or species of
them known to botanists by
the name of Fotamogeton ; per-
haps eighteen or twenty are
found in Britain. One of the |
most common is the floating \
Pond - Weed.! The upper "
leaves are elliptical, quite flat,
on very long slender stalks, POND-WEED.
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v Potamogeton nalans.
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and lie on the surface of the water, as though
they had no plant to belong to. The small green
flowers are produced on a spike which rises above
the surface of the water. There are other species.
with long, narrow, grass-like leaves, and others again
with leaves almost as narrow as threads. The
Pond-Weed with opposite leaves,! has the thin,
almost transparent, green leaves arranged in pairs
along a slender flexuous stem. When the leaves of
some of these weeds are dried they are almost as
thin and delicate as gold-beater’s skin. The flowers
are without any attraction, either of colour or odour,
and the plants would scarcely deserve mention did
they not serve as food or shelter to so many aquatic
animals. Entirely covered as are many of them by
the water in which they flourish, they are seldom seen
except when dredged up from their homes by the
botanist, or by the workmen in cleansing the ditches.
Either a walking-stick with a hook or small rake at
the end, or, better still, a few yards of cord with a
small iron hook with three prongs attached, will serve
to bring these and other water-weeds to the shore.
With such an instrument as this, which can be thrown
some few yards into the middle of a pond, sinking by
its own weight, will bring the water-lily leaves, pond-
weeds, and other plants within range of observation,
otherwise they will remain out of reach, greatly to
the annoyance of the poor wanderer who stands upon
the brink and wonders what may be the treasures
which he sees but cannot touch.

V Potamogeton densum,
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The same means which brings the pond-weeds to
the shore will doubtless bring with them also the
following three allied plants, or one of them. The

MARE’S-TAIL,

Mare's-tail,! which, by-the-by, is
quite different from the Horse-tails,
allied to ferns, and not aquatic
plants. The Common Mare’s-tail
has jointed stems, around which
the narrow thready leaves grow
in whorls, or circles radiating like
a star. The Water Milfoil,? which
has leaves deeply cut into narrow
thready segments and slender
branched stems intertwined in a
tangled mass when drawn out of
the water, in which it grows wholly
submerged. The Hornwort? has
narrow leaves surrounding the
stem in whorls, or circles, but
these differ from those of the
mare’s-tail in being divided two
or three times in a forked man-
ner, forming a more dense mass
of foliage. Any of these three
plants may be found in still waters,

A slender little plant not uncom-
mon in ditches is the Starwort,* so
called because the little pale-green

leaves are arranged like a star or rosette, at the top

V Hippuris vulgaris.

2 Myriophylium spicatum.

3 Ceratophylium demersunt, A Callitriche verna.
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of the slender stem, and this rosette floats on the
surface whilst the submerged stem has the leaves in
pairs, and long thready roots springing from the joints.
The plant is but slightly attached to the ground, so
that it may be lifted
out of the water
without any percep-
tible resistance. It
may be seen grow-
ing in company with
duckweed, or by
itself in stagnant
pools, sometimes in
running water.

This reminds us
of the Duckweeds.
Of course every one
knows ‘“duckweed,”
and yet very few
know much about
them. -They are
very small, insigni-
ficant plants, and
yet they possess con-
siderable interest,
for small as they are
they possess flowers. HORN-WORT.

We see them float-

ing together by hundreds and thousands on the
surface of still water,dike so many little leaves, and
we call them * duckweed,” and think no more about
them. There are four species of duckweed found in
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Britain, and the differences between them it may be
as well to state at once. The Greater Duckweed !
has the fronds, or little green plates resembling a

GREATER DUCKWEED AND THICK DUCKWEED.,

small leaf, larger than any other species, nearly
circular, rather thick, with a cluster of fibres, like
roots, proceeding from the under-surface. The Lesser
Duckweed 2 is the most common ; it has small
ovate fronds, generally two or three adhering together,
with one root-fibre proceeding from the under-side of
each. The Thick Duckweed?® has fronds of nearly
the same shape and size as the last, but thicker,
flattened above, and rounded beneath, each with a
single root filament. It grows in the most stagnant
and fetid waters, and is supposed to be uncommon,
though some there are who think it is only a variety
of the Lesser Duckweed. Lastly, there is the Ivy-
leaved Duckweed ; * the fronds are nearly half an
inch long, thinner than in the other species, narrowed

' Lemna polyrhiza. * Lemna minor.
Lemna gidba. Y Lemna trisulca,

LR A S S —
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towards each end, with a single root filament to each
frond. These are all floating plants ; that is, they
are in no way attached to a single spot as most plants,

IVY-LEAVED DUCKWEED AND LESSER DUCKWEED,

but float freely on the surface of the water. There
are no stems, and no real leaves, but the whole plant
consists of a small frond, which resembles a leaf in
appearance, and one or more little threads proceeding
from the under-surface, hang down in the water and
perform the functions of a root, but they do not be-
come attached to anything. The fronds are some-
times separate, and sometimes two or three adhere to-
gether. They increase and multiply by young ones
budding out at the sides, or rather the edges of the
full-grown frond. The flowers are very small and
rare, but when produced they grow out of little cracks
or fissures at the edge of the fronds.

A very good plan to adopt for the study of these
curious little plants is to collect them with the water
in which they are found, in a wide-mouthed bottle,
and when safely carried home transferred to an ordi-
nary tumbler-glass, in which they will keep alive and
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the memory of the naturalist who has frequented
them. Here the reeds and their inhabitants may be
seen in their best aspect. One who knows them well

COMMON REED.

has thus written in their praise. The lavish notes of
the Reed Warbler “are thus associated in my mind
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with many a calm summer’s night on the open broads
the stars shining brightly overhead, and the soft breeze
sighing through the rustling reeds, mingled with the
hum of insect life on the water. It is at such times
that the song of these marsh nightingales is heard to
perfection. All is still around, save those murmuring
sounds that seem to lull to sleep ; the barking of the
watch-dog has ceased in the distance, and the hoarse
croak of the coot or the moorhen, harmonizes too
well with the scene to startle with its frequent repeti-
tion. Presently, as if by magic, the reed beds on all
sides are teeming with melody ; now here, now there,
first one, then another, and another of the reed birds
pour forth their rich, mocking notes, taken up again
and again by others ; and still, far away in the distance,
the same strain comes back upon the breeze, till one
is lost in wonder at their numbers, so startling to the
ear of the stranger, so impossible to be estimated at
all during the day. I can imagine few things more
delightful to the out-door naturalist than his first in-
troduction to the broads by night. The mere escape
for a time during the height of summer from the heat
and bustle of a city life might alone repay the trouble
of a visit, were there no further attractions in those
sights and sounds which have for the naturalist a
peculiar charm.” And thus he concludes :—* Wrapt
in the enjoyment of these rural sounds, one glides
gently down the stream towards the entrance of the
broad ; the soft breeze rustles amongst the feathery
reed-tops and the light foliage of the willows by the
river side, the wide expanse of water glows with the
reflection of the setting sun, whilst the rippling waves

Lo w soda JeiCele T b vl dilofion e i
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upon its surface dance and sparkle on their way, as
though hastening onward to those quiet shades where
twilight, stealing over the landscape, speaks of sleep
and rest for the weary.”!

But reeds are not the
only grasses that love the
water, there are, at least,
two others which should
be mentioned as especially
aquatic. The Flote-grass,®
with its long leaves float-
ing on the surface of the
water, and its long slen-
der panicle bending and
waving above them. The
small seeds of this species,
it is said, were collected
and used by the Russians
as food, under the name of
“ Manna-croup,” although
the modern manna-croup
of commerce is only an
imitation of the rarer com-
modity. Another species
of the same genus,® with
erect panicles, grows in
similar places. One or
other may often be seen
growing near the margin - FLOTE-GRASS.
of a pond.

I Stevenson’s ‘“ Birds of Norfolk,” i. p. 118.
? Glyceria fluitans, 3 Glyceria agquatica.
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to associate together kindred plants, and facilitate
reference to them, when the plan of grouping is
comprehended.

QUILL-WORT (/[soétes hystrix).
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Ferns are not aquatic ; although the Royal Fern is
so nearly a plant of that character, that it flourishes
best in swampy places, and is often planted as an
aquatic in artificial waters. Of plants kindred to the
ferns the Little Quill-wort ! 1s often to be seen covering
the bottom of lakes over a very considerable area,
but confined to mountainous districts. The horny
leaves have to the eye an appearance similar to some
grasses in form, but far different in texture, growing
erect in small tufts with the fruit, about the size of a
pea, hidden under the bulging bases of the leaves.
One or more species flourish so plentifully in the
lakes of Cashmere that the seeds float like a scum
on the surface, and are collected by the natives and
employed in medicine.

The Pill-wort,® or Pepper-grass, is not so completely
immersed, but prefers the margins of lakes and pools,
in tolerable plenty in some places, but, like the quill-
wort, it is local. The stolons, or creeping stems,
extend for a considerable distance, sending up here
and there small tufts of slender, grass-like leaves.
The capsules are about as large as a peppercorn, and
grow in the axils of the leaves upon the stolons.
These are both curious plants, and on account of
their habits are known to few except botanists.

Some of the Horse-tails are often to be seen growing
in the water of ditches, but they are not so truly
aquatic as the plants to which we have confined our
observations. The Greater Horse-tail is the most
water-loving species, and furnishes an interesting

Y Isoétes lacustris, and Jsoéles hystrix.  ? Pilularia globulifera.
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object for study, not only in its ribbed flinty stems,
but also in its spores, and the manner in which they
are produced.

Far more delicate plants, always wholly submerged,
and very different in appearance, have been regarded
by some as nearest of kin to the Horse-tails. By
others they are associated with the Algae. Sometimes
included in one group, and sometimes in another, it
will be conceded that there must be some reason for
this uncertainty, and that this reason is associated
with important features in the structure of the plants
themselves. This is indeed the fact, for the plants
alluded to grow submerged like Alge, with brittle
joints, slender branches, and no leaves, like the
Horse-tails, without true flowers, but with substitutes
for flowers, unlike those of any other known plants.

In clear ditches with a muddy bottom these plants
may be seen growing to the height of a foot, In
clusters as much in diameter, composed of threadlike
stems very much branched, with equally threadlike
branchlets growing in whorls or circles around the
stem. In lifting them from the water some are so
fragile that they have a tendency to break up into
joints, all are delicate, and require careful handling.

These plants are known to botanists as the Cia-
racew, they have no true flowers and yet they much
resemble some flowering plants, whilst the curious
fruit grows at the base of the tufts of leaf-like
branchlets unlike that of the Algee. They are a sort
of outside group which do not harmonize with any
other, so that they, are kept by themselves, and only
known as the Characez.
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We have spoken of the leaves as surrounding the
slender stems in circles, but this 1s no accurate term
as applied to these plants, for they are zof leaves, but
branches, which are themselves again branched or
subdivided. The Characez have no veritable leaves,
although the ultimate branches very much resemble
leaves and perform the same functions. There are
two kinds, or genera, of these plants; in one called
Nitella the stem is a single-jointed tube, the other
called Chara has a central tube and smaller ones
arranged around it. One has, therefore, a simple
stem, and the other a compound one.

It may be remarked here that some years ago we
gathered one of these plants entire from its. native
ditch, with the roots attached and a little adhering
mud. It was taken home and planted in an inverted
propagating glass about twelve inches in diameter,
some small pebbles covered over the roots and around
the bottom so as to keep it in position, and the glass
filled with ordinary ‘ supply ” water. It soon became
established, grew vigorously until the whole glass was
filled, produced its singular fruits, and continued to
thrive for upwards of three years until the glass was
accidentally broken, and it came to an untimely end
During the whole of this time the water was perfectly
clear and fresh, although it was never changed, or
aérated. Additions were made to compensate for
evaporation, but it was a perfect aquarium, not
requiring the least attention, and the stagnant water
was kept thoroughly pure by the action of the plant
itself. We have tried other plants and combinations
of plants for like purposes, but this is the only
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regarding them as pond-plants and bringing them
under our own jurisdiction. As they are now treated
as distinct from the true mosses by the bryologists, we
may assume that there are good reasons for doing so,
and proceed with them without drawing compari-
sons. They are large, pale-coloured, erect plants,
sometimes a foot long,
usually less, growing
closely packed side by
side in dense masses,
often many yards in
extent, in swamps, the
lower portion in clear,
still water, which, how-
ever, must be compara-
tively pure. A handful
taken out from such a
mass is found to be
saturated with water like
a sponge. Place your
foot on such a treach-
erous spot, and down it
goes amongst water and
mud, with no firm bot-
tom to be found. Sepa- SQUARROSE BOG-MOSS.

rate one plant from the

rest, and note the thin, tough wiry stem, the short
branches spreading in all directions, more compact
above, until the summit is crowned by an elegant
rosette. The branches are entirely covered with
scale-like, imbricated leaves. When in fruit, the little
oval capsule stands erect on its peduncle, which
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shady woods. For just as the sphagna suck up the
atmospheric moisture and convey it to the earth, do
they also contribute to it by pumping up to the
surface of the tufts formed by them the standing
water which was their cradle, diminish it by pro-
moting evaporation ; and, finally, also, by their own
detritus, and by that of the numerous other bog-
plants to which they serve as a support, remove it
entirely, and thus bring about their own destruction.
Then, as soon as the plant detritus formed in this
manner has elevated itself above the surface water, it
1s familiar to us by the name of * turf,” becomes mate-
rial for fuel, and all sphagnum vegetation ceases.”

These are not the only uses of these plants,
although those in our minds are infinitely smaller in
their relationship to the great scheme of nature than
the reclamation of waste or the manufacture of peat.
Yet we cannot forget how much the naturalist is, in
his way, indebted to the masses of sphagnum which
shelter so many minute organisms. The bryologist
confesses to the presence of infusoria within the cells
of the leaves, but who can enumerate the creatures
which sport outside, the water-fleas, the wheel-
bearers, and small snails ; the confervoid algae, which
adhere sometimes in such quantity that the water
which drips from a lifted tuft is redolent with minute
vegetable as well as animal life.

Of the seventeen British species some are rare,
others local in their distribution; whilst others
again, are common. For us, who do not profess to
be critical moss-hunters, the common are as attractive
as the rarest; in the ubiquitous blunt-leaved Bog-
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of the frond, but these are not attached to
anything as the plant floats freely, mixed with
duckweed, on the surface of stagnant pools and
ditches. The other species differs from the above in
the essential particular that the sporangia are im-
mersed In the frond and not
protuberant on either surface be-
yond a slight indication of their
presence.! The fronds are about
half-an-inch in length, slightly
grooved in the centre, inversely
heart-shaped, and pale green on
the upper surface. The margin
and under-surface are clothed with
numerous pendent rootlets of a
purplish colour. It is sometimes
abundant in boggy pools, floating on the surface of the
water. Both these will grow readily in pans of water,
or on the water of an aquarium, for which purpose
they are most desirable objects.

What are termed by botanists the Zower Crypto-
gamia, consist of Lichens, Fungi, and Alge. The
latter are, of course, well-represented 1n still waters ;
but the former absent, except in the case of those
fungi which are parasitic upon fish, frog-spawn, dead
insects, &c., and called the Saprolegniec. Who has
not observed dead flies adhering to the window in
the autumn, their bodies covered with a frosty white
powder, and the same substanee adhering to the glass
beneath and around them? These poor flies have

Riccia natans.

V' Riccia nalans.
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the arrangement of the green substance, or endo-
chrome, to which the general green appearance is
due. Of course, there are some fresh-water Algeae
which float freely and are never attached, but it is
more particularly to the tufted, or filamentous kinds,
that we would first direct attention, because they are
the most conspicuous, and would be the first to be
recognised.

Conferva is a very vague term which has been ap-
plied to almost any threadlike filamentous plant
found growing in water or damp situations. At one
time it included plants of widely diverse character, to
which other names have been since applied ; but even
now it 1s very usual to call all the threadlike Algzae
which grow in fresh water by the general name of
Confervee. They have been very little studied in this
country, and the latest book specially devoted to them
is nearly forty years old.

The first type which is likely to be met with in
exposed pools during summer and autumn is that
called Spirogyra, iIn which the filaments are of a
bright green colour, and from a fractional part of an
inch to nearly a yard in length, composed of cylin-
drical cells joined end to end. In streams they
attach themselves to weeds, and wave in the current
like a green fringe, but in quiet pools they usually
float on the surface unattached, in green or brown
patches. “ When viewed under the microscope, with
a power of one or two hundred diameters, the bands
of chlorophyll, or green colouring matter, are seen
disposed in various elegant spirals. In some species
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these bands are single, in others there are two, three,
or four. Upon these bands, which are generally
slightly jagged along their edges, are grains of brighter
green, disposed at pretty regular intervals, and adding
greatly to the beauty of the plant. Sometimes the
larger grains are surrounded with smaller
ones, and the bands appear like two
festoons of exquisite green flowers.”

The phenomenon of conjugation may
be well observed in these Alge. Two
neighbouring threads meet, and throw
out from their sides little processes
which at length unite, and the cell
walls become absorbed, the contents of
one cell pass into the other. During
this process the spiral coils are relaxed,
the symmetrical arrangement of the
endochrome i1s disturbed and lost, and
when the conjugation is complete the
combined contents of the two conjuga-
ting cells become an oval spore from
which ultimately a new plant, like its
parent, is developed.

Zygnema 1s another group of very
similar plants found growing in like gprrocyRA.
situations, but the green contents
instead of having a spiral arrangement, assume the
form of two star-shaped bodies, or two globose
masses in each cell. Conjugation takes place as it
does in Spirogyra, the chief difference between them
being in the arrangement of the endochrome. There

E 2
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are dependent for their increase upon the
myriads of zoospores which are produced.
The immense amount of writing which al-
ready has been perpetrated in this country
upon the subject is not only incomplete,
but comparatively useless, from a want of
appreciation of the methods by which the
mould reproduces itself. It is amusing to
read learned dissertations, compiled from
foreign authors, in which no practical ac-
quaintance with the subject can be traced,
and from which the most important features
are studiously omitted.

The genus Ulofhirixz is another example
of a Conferva which freely produces zoo-
spores. The species are of common occur-
rence in clear ponds, as well as running
waters, the long streaming green threads
being attached to stones and other objects.
There appears to be a long investing cell,
or sheath, in which shorter cells are packed,
end to end, in a beaded manner. These
cells contain an endochrome enclosing
granules of a darker colour. Arrived at
maturity they may be seen to increase by
division. The cell contents also divide
into eight portions, each portion being
converted into a ciliated zoospore, which
escapes by the rupture of the cell-wall
After moving about in the water a little
time these zoospores become passive,

ULOTHRIX.!

! The letters @ indicate the cells in process of division.
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placed end to end, each occupied with a ring of green
matter. Branches arise from the junction of these
cells, formed of articulated branched threads, which
are slender, and terminated by a hair-like filament,
much more gelatinous than the simple forms above
described.

Chatophora is a similar branched Conferva, but it
differs in the filaments being immersed in a gelatinous
matrix. One species 1s common in slow-running
streams,! and another equally, or even more, common
in stagnant waters.® The tufts are very minute, so
that 1t may easily be overlooked. The mode of
branching resembles that of a stag’s horns.

Here may be mentioned the peculiar little disc-
shaped bodies so common in fresh-water pools, which
attach themselves to leaves, sticks, and the larger
Confervae. As it has no popular name we are com-
pelled again to revert to the scientific, which in this
instance is Colceochete.®

Although so minute, the discs may be distinguished
by the naked eye, the green colour being conspicuous
upon the discoloured plants to which they attach
themselves. The forms are roundish, scarcely a line
in diameter, formed of filaments radiating from the
centre, forked towards the end, and so closely applied
to each other as to appear to be glued together. The
filaments are divided into cells, from many of which
arises a slender tube, out of this projects a long
threadlike filament. Such is the curious structure of
this minute plant, which was first found in Normandy

V Chatophora endivafolia. 2 Chatophora elegans.
3 Colaochete scutata.
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name of Batrachospermum,! one that highly merits
the esteem in which it is held. The most usual
species is very variable in colour, sometimes verdigris
green, or purple, or violet, or nearly black. The
plants consist of delicate branched filaments, from
one to three inches in length. Around the branches
at regular distances grow
dense whorls of moeniliform,
or beaded threads, mostly
branched, forming large
conspicuous tufts.  The
spores are produced 1n
large numbers in each tuft.
No verbal description can
give an adequate idea of
the beauty of the radiating
tufts of beaded cells, as
seen under the microscope.
The plant mostly de-
lights in moving waters,
but is occasionally found
, in nearly still water, pro-
BATRACHOSPERMUM. vided it is clear and pure.

It is often attached to the

shells of fresh-water snails. Bory, who carefully studied
these plants, gives the following curious fact regarding
them: ““It is upon individuals of this variety (confusum)
that I made for the first time an experiment which
ought to be known ; after having many times carried

Y Batrachospermum moniliforme; the meaning of the generic
name of Batrackospermum, is ** frog-spawn.”
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from one locality to another stones bearing individuals
of this species, which continued to prosper in spite of
the change of habitation, I steeped many of them in
lukewarm water, afterwards in boiling, and no part of
the Batrachosperm appeared, under the microscope,
to have undergone the slightest disorganization by
these immersions, and certain sprigs replaced in their
native place continued to vegetate after these experi-
ments. I do notthink that there exist other vegetables
which boiling water does not immediately disorganize ;
there are not others that can resist temperatures so
opposite.”

However necessary it may be to give some brief
account of the features which these organisms present
to the eye, in order to facilitate their determination
and give an interest to specimens which may be found,
it 1s by no means attractive reading, and too free an
indulgence would give reasonable cause for complaint
against a book of such small pretensions. Hence we
will rest content with another group of the genuine
Confervae, and then pass on to other Algee.

The (Fdogoniacew 1s a group, the name of which
has almost become classical, on account of the large
amount of literature which has been devoted to it.
Some of the species are amongst the commonest and
most abundant of fresh-water Alge, being found in
every pond, ditch, or stream, and soon even making
their appearance in aquaria. The entire structure
and economy of this group would occupy too much
of our space, so that we must content ourselves with
referring at foot! to places where further information

! Dr. H. Wood, ¢ Fresh-water Alga of the United States,”
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zoospores and by resting-spores, which latter rest
during the winter and germinate in the following
season. '

Common species of Cladophora and Oscillaria will
be found in every pond, and probably altogether not
less than four hundred different kinds of Algz in the
British Isles, exclusive of the desmids and diatoms ;
so that our notice of them is essentially fragmentary.
In the whole circle of pond-life there is no more
interesting  object
than that called
Volvox. Itisfound
sometimes in con-
siderable numbers
in clear ponds, and
though so minute
as to measure only
one-fiftieth of an
inch 1n diameter,
yet when a bottle
of water containing
them 1s held up VOLVOX.
against the light
these little bodies may be seen by the naked eye as
little movable green spots. This little organism when
seen under a low power of the microscope 1s found to
be a globe of transparent membrane of a delicate
green colour, marked with fine lines in the form of
network, with darker green spots at the points where
the lines cross each other. Smaller, but similar,
spheres may be seen rolling about within this parent
globe. By means of a constant rolling motion the
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Volvox glides gently through the water, or rather
revolves within it, its young ones meanwhile revoly-
ing within itself. When viewed under a still higher
power of the microscope the green spots at the meet-
ing of the lines are found to be clusters of delicate
hairs, and doubtless it is owing to their action that
the Volvox rolls through the water.

If by means of pressure between the glasses by
which it is exhibited the sphere is broken, the outer
membrane will be seen to resolve itself into a number
of small cells, each with its bunch of hairs, and each
cell capable of spontaneous motion in the water. For
a long time it was considered as a low form of animal
life, and was mixed with a heterogeneous company
under the name of /nfusoria. 1In these latter days it is
grouped with the Algz, and though endowed with the
peculiar motion to which we have alluded, there i1s no
reason why it should be considered an animal on that
account, since zoospores with movable cilia are not at
all uncommon amongst undoubted plants. Finally,
when the old Volvox breaks up, the young ones
escape from their temporary prison and float away on
their own account, grow to the size of their parent,
and enclose little rolling balls within themselves, as
did their progenitor.

There are still points of obscurity about the history
of these spheres : what becomes of them in winter?
in what form and where do they rest? Do they pro-
duce the bodies called resting spores ? These are ques-
tions still to be answered. It has always been rather
difficult to preserve the Volvox after it has been col-
lected ; they seem to dislike confinement. Recently,
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however, a successful experiment has been made,
which is thus recorded :—*‘ For several years the writer
used to place the Volvox in large glass or earthenware
jars, small bottles, open dishes, and other vessels ex-
posed to full sun, or kept in partial or entire shade,
supplying it with rain, pond, and spring water in turn,
but always with the result that after a short time it
disappeared. In October, 1878, however, he put a
small quantity, probably not more than one hundred
individuals, in a four-ounce bottle, having a mouth
three-quarters of an inch in diameter, and set this on
a shelf at the side of an out-house which had no
gutter, so that the rain in running off the roof would
drip into the bottle ; here it remained until November,
1879, and instead of the few original specimens, they
had become abundant. The water had never been
changed or replenished, only that which dripped
naturally from the roof into the bottle having been
added to the original stock, and during the abundant
rains of the year the bottle often overflowed. Several
times a portion of the water containing the Volvox
has been placed in the jars and dishes standing in
various parts of the garden, but these always died in
a short time, whilst those left in the small bottle
remained in perfect health and multiplied. The
position in which the bottle was placed faced the
north, so that it only got the sun in the early morning
of the summer months. During the severe weather
of the previous winter (1878-9) the water was several
times frozen into a solid mass of ice, but apparently
without injuring the Volvox.”1

I N. E. Brown in *‘ Gardener’s Chronicle,” 1879, p. 599.
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There is another, but smaller, nearly globose, re-
volving green organism, somewhat resembling a small
volvox, which is found in equal profusion in ponds,
and even in such profusion sometimes as to impart a
green appearance to the water. This is the Pando-
rina.! There are two forms, one of which consists of
sixteen, and the other of thirty-two green cells, termed
gonidia, closely associated together within a gelatinous
envelope of an oval form. Each
green cell has a pair of cilia, or
movable hairs, which protrude
through the gelatinous envelope.
They usually are not more than
half the diameter of a volvox, and
present a different appearance, so
that there is no fear of any mis-
take in confounding the one with
the other. Ultimately some of the
green gonidia change colour, be-
coming brownish, acquire a thicker
coat, and pass into resting spores,
in which condition they remain a

PANDORINA. while, and then develop into a

new generation, each resting spore
originating a colony of either sixteen or thirty-two
green gonidia, which constitutes the composite little
plant called a Pandorina.

Nothing is so useful for a beginner in the study of
these and similar objects as to be able to consult
and examine the plants themselves. For such pur-

vV Pandorina morum.
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in length, and even more, but a complete skeleton-
bag of the most fairy-like character. Dr. Wood says.
that in the United States they frequently form floating
masses several inches in thickness and many feet in
extent, so that with the aid of a rake it could be
collected by the bushel.! In this country, however,
they are local, if not rare. But the more simple
forms of what is termed the Profococcus group are
abundant, and many of them but imperfect con-
ditions, or disintegrated forms of the more highly-
developed Alge.

“ They are composed for the most part of only one
cell of varying forms and colour, and are capable of
growing, of dividing, or segmenting into many parts,
and that in many directions, both round a common
centre, through their long axis, or through their short
one. The contents of the cell are also capable of
resolving themselves by subdivision into numerous
parts, not in any specific direction as above, by which
there is formed a group of small cells within the
parent cell-wall. Sometimes the parts separate from
each other at once, sometimes they remain in contact
for a variable period, whereby masses of cells are
formed more or less connected, but without any defi-
nite arrangement or mutual dependence; so that
any portion being separated is capable of continuing
its growth without suffering injury. The size of the
individual cells varies considerably, so that it seems.
impossible to limit the extent to which they may
decrease by repeated segmentation. It may be carried

! Grevillea, vol. ii. p. 54.
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to fine points, even seen under high microscopic
powers, in which condition they have been called
granules or molecules. These small fragments may,
however, grow till they attain the size of their
origin.” !

Not only do they vary in dimensions, but also in
colour, according to season and external conditions.
In winter they become more or less red or brown, but
with returning spring they resume a green tint. In
fact, the varied features under which they present
themselves are so puzzling, that Dr. Hicks was led
to protest against any faith in such organisms as auto-
nomous species, until their life-history is ascertained.

It has been the want of giving due importance to
these considerations ; the insisting with too implicit
faith on the identity or difference of green cells ; the
attempting to give names and places to organisms
of which nothing is known but a simple cell, that
has led to the propagation of a theory with regard to
lichens, called the ‘ dual lichen hypothesis,” which
has obtained some adherents, and pertinacious de-
fenders, making spasmodic efforts in opposition to
reason and fact.

The proper study and investigation of these little
fresh-water plants is quite sufficient to absorb all the
leisure of any one individual, and the result of such
concentrated observation would bring a much more
satisfactory reward than any amount of mere desul-
tory observation. We suspect that anyone who
follows this course would readily endorse the obser-

I Hicks, in ** Popular Science Review,” vol. iv. p. 335.
F 2
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vations of our naturalist, Ray, with which this chapter
concludes.

“God is said to be maximus in minimis. We
men esteem it a more difficult matter, and of greater
art and curiosity, to frame a small watch than a large
clock.  And no man blames him who spent his
whole time in the consideration of the nature and
works of a bee, or thinks his subject was too narrow.
Let us not then esteem anything contemptible, or
inconsiderable, or below our notice-taking ; for this is
to derogate from the wisdom and art of the Creator,
and to confess ourselves unworthy of those endow-
ments of knowledge and understanding which He
hath bestowed on us. Dc¢ we praise Dadalus, and
Archytas, and Hero, and Callicrates, and Albertus
Magnus, and many others which I might mention,
for their cunning in inventing, and dexterity in fram-
ing and composing a few dead engines or move-
ments, and shall we not admire and magnify the
great Former of the world, who hath made so many,
yea, I may say, innumerable, rare pieces, and these
too not dead ones, such as cease presently to move
so soon as the spring is down ; but all living, and
themselves performing their own motions, and these
so intricate and various, and requiring such a multi-
tude of parts, and subordinate machines, that it is
incomprehensible what art, and skill, and industry,
must be employed in the framing of one of them ?”

F—

i
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such numbers as to give a green tint to the water or
mud, when most prolific; and even when the colour
1s not apparent, numbers will be found together, in
bogs, ditches, ponds, which are exposed in bleak
situations, and not enclosed in woods, especially in
little pools where the bog-moss (Spkagnum) abounds,
on heaths and damp moors. They love to flourish
in holes and pools, where the water is clear and pure,
and the soil of a clayey nature, where they sometimes
cover the bottom with a green film. Often numbers
of them will be found adhering to the stems of
sphagnum, from which they float when immersed
and stirred about in clear water. The surface of wet
rocks will afford some species, when the pure water
percolates and drips; hence some of the most in-
teresting and varied collections have been made in
mountainous districts, such as North Wales. The
autumn is the best season for collecting them, but
they will be found throughout the summer. When
found coating the bottom of a pool with a green
stratum, they may be taken up with a spoon and
placed in a wide-mouthed bottle. After being shaken
gently so as to separate the mass, the bottle placed
in the light, the sediment will sink to the bottom and
the Desmids will gradually rise to the light, and then
they may be separated by decanting. If poured into
a white soup-plate the floating Desmids may be taken
out on the tip of a camel-hair pencil with the aid of
a pocket lens, and thus the largest specimens may be
isolated. A little experience will soon prove the best
guide to their manipulation. In order to see them,
as we shall describe them, a microscope with an inch
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objective will be necessary, and even a higher power

to make out the details.

All the Desmids consist of a transparent envelope

or cell wall, enclosing a green colour-
ing matter which is termed the endo-
chrome. The differences 1n the
form of this envelope and the dis.
position of the endochrome are the
basis of the genera and species into
which the Desmids are divided.
Unfortunately, they have never been
sufficiently known to acquire popular
names, and hence our only alterna-
tive will be the employment of those
adopted for scientific purposes.
One of the largest and most com-
mon forms 1s Closterium ; it 1s of
little consequence which particular
species, out of a great many, as the
general form and character is the
same. They are elongated, gradually
narrowed towards each end, slightly
curved like a new moon, or nearly
straight, with a band or mark in the
centre, and a clear space at each
end. The central band indicates the
point at which the cell ultimately
divides, so that the endochrome
escapes, and empty cells will some-
times be found in company with
those containing the green endo-

CLOSTERIUM,

chrome. There are often darkerflongitudinal bands
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in the endochrome and scattered paler spots or
vesicles, which latter are sometimes symmetrically
arranged. By careful observation a distinct circula-
tion may be traced going on up and down near the
margin of the cell in its living state. The various
species of Closterium are from one-fortieth to 1soth
of an inch in length, and one-eighth to one-sixth of
those dimensions in breadth. The largest only are
visible to the naked eye.

The mode of reproduction is of two kinds, one by
a gradual separation at the central band, when each
half continues to grow and forms a separate and
complete individual. This is the process of self-
division. The other is when two individuals come
in contact at the centre, and a globose body is
formed between them, called a sporangium, or more
correctly, zygospore, which in due time produces a
great number of spores, and these develope into
Closteria, individuals like the parent from which they
sprung. This is the process of conjugation.

It has been stated, not uncommonly, in works on
the microscope, that another mode of reproduction
is found in Desmids, by means of zoospores.] It
must be admitted, as not at all beyond the bounds
of probability, that this mode of reproduction may be
found to prevail to a limited extent. It is known
that in other fresh-water Alge these curious little
bodies are developed, but hitherto, as far as we are
aware, the evidence is very slight, and depends
entirely upon the single instance, recorded by

! See fig. on page 52.
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Mr. Archer of Dublin.! After examining all the
affirmations on this subject, and tracing them to their
source, this gentleman came to the conclusion that
no evidence could be found of the occurrence of
zoospores in any Desmid up to the period of his
communication. Afterwards he proceeds to a descrip-
tion of a peculiar condition of a Desmidian, called
Docidium, which he met with, and in which bodies
strongly resembling zoospores were seen. Hitherto
these observations have not been confirmed, although,
personally, we do not feel the least doubt of their
accuracy.

First of all, the regular process of conjugation
takes place thus. The conjugative act is not
undertaken till after the two original fronds, about to
conjugate, have undergone self-division in the usual
manner, that is to say, by self-fission, effected by a
division of the contents into two, just under the
suture, accompanied by a development of a new cell-
wall to each old segment; and separation taking
place, the separated portions have now one long (and
old) cone, and one more blunt and rounded (the
nascent younger one). Now, in those individuals
about to conjugate, from each of the shorter or
younger cones is protruded a blunt, pouch -like
projection from the lower and opposed sides of
each, which, approaching gradually, the contents
amalgamate with each other ; at the same time, the
other opposite portions of the original parent fronds
acting in precisely the same manner. Thus two

I #¢Micro. Jour.,” viii. (1860), p. 215.
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sporangia (or zygospores) ultimately result from
the two original fronds, conjugation taking place
between each of the opposite individualized pairs
of partially old, partially new, fronds, themselves
resulting from the self-division of the original parent
fronds.!

And now as to the bodies in question. The first
indication of the commencement of the phenomenon
is the produetion of a minute hyaline tubercle, just
under the inflation at the base of the younger seg-
ment. This tubercle arises from a special extension
of the boundary-wall interposed between the inflated
base of the segment and the suture. It is, in effect,
an addition to the base of one of the segments. This
basal tubercle gradually elongates, and becomes a
tube in direct connection and continuation of the
frond, like the finger to a glove, and as of variable a
length. Some cease to grow after reaching one-tenth
or one-eighth of the length of the frond, whilst a few
will grow nearly as long as the frond itself. The
endochrome near the base of each segment becomes
finely granular, of an almost homogeneous appearance,
and the new tube is filled by it. The remainder of
the endochrome is but little altered. The endochrome
which had become granular, and filled the lateral
tube, in the next change becomes segmented into a
definite number of rounded portions, perhaps not
less than twenty, or more than fifty. These spherical
bodies formed by segmentation of the granular endo-

' See ““ Annals of Natural History,” vol. v. (second series),
p. 1, for further details,
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chrome, in the next stage emerge from the open apex
of the lateral tube, and remain clustered together in
a mass, resembling a bunch of grapes ; the clusters
becoming larger and larger, until all the spherical
bodies have emerged. Each of these appear to form
for itself a special cell-wall of a slightly compressed
or elliptical form, within which the green contents
are seen to be somewhat retracted. Subsequently, a
movement in the contents of each of these newly-
formed cells is visible, which takes the appearance of
a twisting motion, backwards and forwards, as it
were, on its axis. This movement is not apparent in
all the members of the group simultaneously, but
only in a few at a time. Eventually the green bodies
escape, and swim away as ovate or pear-shaped
ciliated bodies, pale at the narrow or pointed end, in
every way comparable to the mobile zoospores found
in other Alge. Whether one or two cilia were present
cannot be determined. The old frond having per-
performed its work separates at the suture, and finally
decays. Throughout this process, and in its final
development, there is every reason to regard the
phenomenon as a development of zoospores, differing
In no very essential particular from those which are
developed in Clhetophora, and indeed in many other
Alge.

Another form equally common with Closterium is
Luastrum. The cell, or frond, i1s flattened, lozenge-
shaped or oblong, with a deep fissure on each side
at the centre, so that the cell is nearly divided into
two equal halves, the margin of each segment deeply
waved or divided into lobes. The surface of the



76 PONDS AND DITCHES.

cell-wall, or envelope, is sprinkled with little elevated

warts or prominences.

EUASTRUM (oblongum.,)

The same modes of repro-
duction prevail with these as
with Closterium, and, in fact,
all the Desmids. The entire
length of the largest specimens

o

EUAETRU (didelta).

does not exceed 150th of an inch, and many are not

one-half that size.

MICRASTERIAS,

In Micrasterias, the cell or
frond is shorter, and more
rounded than in ZEuwastrum.
It is divided on each side
nearly to the middle into two
equal segments, in a like man-
ner, but each segment is more
nearly semicircular. The mar-
gin is more deeply cleft into
narrow lobes, which are often
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toothed at the extremity. The individuals are usually
larger than Ewnastrum, and often of very beautiful stel-
late forms.

In Cosmarium we have smaller
forms, but some of the species are
very common. The general out-
line is oval, deeply cut nearly to
the centre into two equal segments,
which are broader than long. There
are no divisions or notches at the
margin, and the frond (name ap- 4
plied to the whole plant) is more
inflated than in the other forms.
The surface of the cell-wall is often
warted, as may best be seen in the
empty fronds.

We have now enumerated the
common forms, of which some
species is sure to be met with in
favourable localities, but there still
remain a few of the rarer Desmids,
of which occasional examples may
be seen intermixed with the com-
moner. One of these forms is that
called Penium, which is elongated,
nearly cylindrical, rounded at the
ends, quite straight, in all of which
it differs from Closterium, with
which, perhaps, the novice is most
likely to confound it. In one
British species the fronds are, at
the least, one-eightieth of an inch PENIUM.
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long ; in Wales it is said to be very common, and has
been collected in the neighbourhood of London.

In Docidium the fronds are still more elongated,
cylmdncal, quite straight, and dlﬁ'ermg from Penium
in being constricted at the centre.

Spirotenia, again, is similar in
its cylindrical form, but with two
important and distinctive fea-
tures,—viz., that the frond is sur-
rounded by a clear gelatinous
envelope, and the endochrome
exhibits a spiral band. It is
often difficult to see the gelati-
nous envelope, as it is so very
transparent. We have found that
a solution of any one of the ani-
line dyes is very useful in defining
such structure under the micro-
scope. If a small drop is placed
at the end of the covering glass
it will run in, tinge the water,
leaving the margin of the hyaline
envelope clearly and sharply de-
fined. This little device is so
simple and so invaluable that we
marvel at its being so little known,
or, at any rate, so little adopted.

To other forms of free swim-
ming Desmidsweneed not allude,
except to say that there are other
rarer forms which must be studied in some work

specially devoted to the group.

SPIROT/ENIA.
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There are, however, two or three forms of Des-
mids in which the individual cells, or fronds, are
gregarious, attached together in
filaments, and surrounded by a
gelatinous envelope which retains
them in that position. Whether
we call them Hyalotheca, or
Spherososma, or Didymoprium,
there is a great similarity between
them, so much so that an un-
practised eye would not detect
the differences, which, after all,
concern only the specialist. Take
Hyalotheca, for example, and it
consists of long fragile filaments,
something like a conferva, very
gelatinous, enclosing, or sur-
rounding the joints, each of
which is a separate individual,
and in time the filaments will  nvaroTHECA.
break up into the individual
joints, each surrounded by a mucous envelope. The
end view of each joint is circular, but the side view
is quadrangular, broader than long, with a groove
running round the centre of each cell or joint.

In other instances the end view is triangular, or
quadrangular, but in Hyalotheca the filaments are
cylindrical, so that the section is circular. Sporangia
(or zygospores) are formed just as in other species.

Only one book has been written in this country
devoted specially to the Desmids, and that has now
become very rare. In the introduction its author
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(J. Ralfs) gives the following hints about collecting
—*In the water,” he says, “ the filamentous species
resemble the zygnemata, but their green colour is
generally paler and more opaque. They often occur
in considerable quantity, and, notwithstanding their
fragility, can generally be removed by the hand in
the usual manner. When they are much diffused in
the water, I take a piece of linen, about the size of a
pocket-handkerchief, lay it on the ground in the form
of a bag, and then, by the aid of a tin box, scoop up
the water and strain it through the bag, repeating the
process as often as may be required. The larger
species of Euastrum, Micrasterias, Closterium, &c.,
are generally situated at the bottom of the pool,
either spread out as a thin gelatinous stratum, or
collected into finger-like tufts. If the finger be
gently passed beneath them they will rise to the
surface in little masses, and with care may be
removed and strained through the linen as above
described. At first nothing appears on the linen
except a mere stain or a little dirt; but by repeated
fillings up and straining a considerable quantity will
be obtained. If not very gelatinous the water
passes freely through the linen, from which the
specimens can be scraped with a knife and trans-
ferred to a smaller piece; but in many species the
fluid at length does not admit of being strained
off without the employment of such force as would
cause the fronds also to pass through, and in
this case it should be poured into bottles until
they are quite full. But many species of stauras-
trum, pediastrum, &c., usually form a greenish or
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dirty cloud upon the stems and leaves of the filiform
aquatic plants, and to collect them requires more
care than is necessary in the former instances. In
this state the slightest touch will break up the whole
mass and disperse it through the water. I would
recommend the following method as the best adapted
for securing them. Let the hand be passed very
gently into the water, and beneath the cloud, the
palm upwards, and the fingers apart, so that the
leaves or stem of the invested plant may lie between
them, and as near the palm as possible ; then close
the fingers, and keeping the hand in the same posi-
tion, but concave, draw it cautiously towards the
surface, when, if the plant has been allowed to slip
easily, and with an equable movement through the
fingers, the Desmids in this way brushed off will be
found lying in the palm. The greatest difficulty is
in withdrawing the hand from the water, and pro-
bably but little will be retained at first ; practice, how-
ever, will soon render the operation easy and suc-
cessful. The contents of the hand should be trans-
ferred at once either to a bottle, or, in case much
water has been taken up, into the box, and when this
is full it can be emptied into the linen as before.
But in this case the linen should be pressed gently,
and a portion only of the water expelled, the re-
mainder being poured into the bottle, and the pro-
cess repeated as often as necessary.” !

Thus much with respect to collecting, but we
cannot close the chapter with more appropriate ob-

I Ralfs’ ¢ British Desmidiacez,” p. 38.
G
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the skeletons of myriads of Diatoms. It is a fact,
often alluded to, that the city of Richmond, in Vir-
ginia, is built on a stratum of diatomaceous remains,
sometimes eighteen feet in thickness. There are
also other large tracts of fossilized Diatomacea in the
United States and other parts of the world. For-
merly these plants flourished in some sea, lake, or
other expanse of water. They died, and the skele-
tons being heavier than water fell to the bottom,
forming a thin layer over the mud. Year after year,
and century after century, the little plants continued
to multiply and to die, and contribute their skeletons
to the stratum at the bottom, until at length, when the
lake dried up, or its waters were diverted, the skeletons
still remained, as an incontrovertible evidence of the
existence of themselves, and the lake in which they
flourished ages ago. Some of these deposits consist
entirely of the skeletons of Diatoms. We have seen
them so purely diatomaceous that the microscope
could detect nothing else but these skeletons, or
frustules, compacted into a friable mass. In Jutland
the deposit is converted into a hard stone, containing
some of the most beautiful of known forms.

It would be a mistake to suppose that because
there 1s uniformity in the structure of these microsco-
pical organisms, there would also be a great similarity
of form. On the contrary, the form is exceedingly
variable : some are circular or discoid, to a mathema-
tical accuracy ; others are triangular, quadrangular,
polygonal, boat-shaped, oval, elliptical, fusiform, linear;
in fact, the forms are numerous and diverse, but
usually-symmetrical. To increase their beauty, and
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The tyro in the study of pond life has no doubt
observed certain minute organisms differing in form
and colour from the surrounding objects, some of
which move about with considerable activity. The:
colouring matter, unlike that of the majority of minute
vegetable forms, is usually of a golden-brown colour.
These organisms are now generally known as Diato-
macea or Diatoms. The first discovered represen-
tative of this order was the so-called “Oat animalcule;”
the discoverer was a Mr. Willilam Arderon, F.R.S.,
who found it in a ditch in Norwich, in 1745 ; it was
afterwards described in Baker’s “ Employment for
the Microscope.” This form was some species of the
genus Navicula. These organisms were called by
early observers Bacillaria, or “Staff animalcules,” a
term still retained by some of the German observers.
Agardh introduced the name Diatome, deriving it
from the genus Diatoma (diafomé, incision), a fila-
mentous form, of which the cells composing the fila-
ment cohere at their alternate angles, having the ap-
pearance of a band nearly cut through in opposite
directions. Both names are open to objection, as
they only indicate the characters of a few genera.

The position of the Diatomacea has long puzzled
the student : some microscopists contended for their
animal and others for their vegetable nature (the
great Ehrenberg always maintained the former opinion,
and placed them with the Desmidie and some forms
of true animalcule in his family Polygastrica—many-
stomached) ; others were equally positive that their
true place was in the vegetable kingdom ; others again
considered them to be plant animals (Phytozoa) ;
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some few even placed them in the mineral kingdom.
The now generally received opinion 1s that the
Diatomaceee are true unicellular Alge, differing
however in many important points from any other
forms in that group. The principal are, first, the
nature of the cell-wall, which is composed of silex or
flint,! secreted by a thin membrane; second, their
mode of increase by a selfdivision ;? third, the
peculiar nature of the cell contents, which contain a
colouring matter not found in other Alge, and which
is called Diatomine. The diatom cell is usually de-
scribed as resembling a pill-box. This is a tolerably
good description so far as the circular forms are con-
cerned, but the comparison i1s somewhat obscure to
the ¢ staff-shaped ” species. We will now endeavour
to describe, in as plain and brief a manner as possible,
the structure of the Diatom cell.

The structure is most easily discerned in the cir-
cular form. In its earliest condition the cell has the
appearance of a double convex lens, but as growth
proceeds the convex surfaces recede, and a band i1s
formed by the sides of the pill-box, which gradually
increases in breadth. Ifwe take two pill-boxes (minus
the lids), which we will call @ and 4, the latter small
enough to slide into the former, we have a fairly
correct idea of the Diatom cell.

When this cell has attained its maximum develop-

! The flinty nature of the Diatom cell was first demonstrated
by Kiitz in 1834.

2 Increase by self-division is not peculiar to the Diatomacez,
but the manner in which this takes place differs from that in
any other form of Algz.
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(Amphipleura pellucida) in particular has lines so
close that as many as 94 in the 355 of an inch have
been counted, and by certain arrangements of the
light these lines are found not to be continuous but
composed of minute dots. The nature of these
markings has always been a disputed question, some
asserting that they are elevations on the surface, whilst
others have been equally positive that they are minute
cells in the siliceous wall. That the latter theory is
true in some species has, we think, been clearly
demonstrated in some of the large marine forms, but
it is not so evident in the more delicate species.
Some genera are usually found attached to the larger
Alge by non-siliceous stalks, whilst others are en-
closed in membraneous tubes generally of a green
colour and sometimes several inches in length; they
then have the appearance of delicate filamentous
Algee.

The movements of the Diatoms excited the wonder
and curiosity of the earliest observers, and was a great
argument in favour of their animal nature. The means
by which these movements are produced has not yet
been explained. By some it was supposed to be
caused by the extension and retraction of a foot or
feet, and by others the expulsion of water from the
ends of the cell. It is only among the elongated, or
staff-shaped forms, that these movements are con-
spicuous, but that all non-parasitic forms possess the
power of locomotion can be proved by placing a
gathering containing them in the sunshine, when they
will be found in a short time on the surface mud,
appearing like a film of a golden-brown colour.
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Another, very much resembling this in shape, is called
“ Amphisbana.”! If we consultthe lexicon we find
that the original amphisbana was a snake having a
head at both ends, so that it was capable of moving
both ways. The amphisbena diatom does not taper
so gradually towards the ends as in the preceding
species, and the beaks are broader. When dry, a
broad marginal band of a pale brown colour sur-
rounds the valve, leaving an oval transparent space
in the centre. This band, when properly illuminated
under the microscope, will be found to be composed
of fine parallel lines. '
As these minute objects have no popular names of
their own, it would scarce serve any good
purpose to invent them, and it is better to
adopt the practice which prevails with the
majority of microscopists of calling them
by their trivial names. Thus, the next
species 1s ““serians,”? and this may be
remembered as readily as a more common-
place name. This species is narrower than
the last, and the margins gradually taper
towards the ends, which are abruptly
wavicura Pointed.  When dry, the central spot 1S
sERIANs, VEry conspicuous, and rows of longitudinal
lines are visible on the valve.
A much larger form than any of the preceding is
# cuspidata.”® The valve has a somewhat angular

V Navicula amphisbena, * Navicula serians.
® Navicula cuspidata.

L
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distinctly apparent. A friend suggests that it has
been called 7777dis because it is never “ green.”

—
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PINNULARIA
MAJOR.

Another species, of which we have
given a figure, 1s called “major.”1 It
has nearly straight sides, with broadly-
rounded ends, the markings, or ribs, are
conspicuous, and the central nodule
large.

A still larger form is that called
“ gigas,”? which resembles the preced-
ing, but the costz, or ribs, are more
distinct. It 1s most frequently found
in boggy pools in elevated districts.
There is a much smaller species called
“lata”3 which is easily identified by its
distant and conspicuous ribs, which be-
come shorter as they approach the central
nodule. It is only found in sub-alpine
localities. Another, called ¢ Alpina”* is
frequently found associated with it. This
is larger, and has a more elliptical outline
than “lata,” which, however, it resembles
in its conspicuous and distant ribs.

There 1s another group, or genus, to which the
name of Stauroneis is given, and its difference from
the preceding may be easily recognised by comparison
of the figures. The outline is that of Navicula, but
from this they are distinguished by a smooth central
band crossing the middle of the valve. The one

Pinnularia major, * Pinnularia gigas.
Pinnularia lata. Y Pinnularia alpina.
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and even plants, from a germ-cell, which was equi-
valent to an egg. It was supposed that given cells,
produced, for example, from a low form of Alga, or
water-weed, would in turn develope into a similar
water-weed. That in some cases there might be in-
termediate stages, a kind of alternation of generations,
but ultimately the child would resemble its parent.
This is something like panspermy. The pansper-
mists held that from certain definite germs organized
beings originate in accordance with inflexible law ;
that, for instance, toads are not hatched from hen’s
eggs but from toad-spawn ; whereas, on the contrary,
the heterogenists held that from certain germs, either
plants or animals may be developed, as circumstances
favour the one or the other; in effect, it was hap-
hazard as to what the latent germ would produce.

It is confessedly difficult to determine when certain
little bodies are floating about on the field of the mi-
croscope whether they are animal or vegetable. They
behave themselves, for a time, just like animals, but 1if
their development be followed they may culminate in
vegetable organisms. The conclusion has been
guessed at, rather than demonstrated, that these
active little bodies may, according to the conditions
in which they are placed, eventually become either
plants or animals. Even if it be admitted that “the
very lowest forms of vegetable and animal life cannot
be traced back to spores or ova,” it by no means
follows that they could not originate from spores or
ova. The emphasis belongs to the word “traced.”
We cannot admit that in the operations of Nature
there is any such uncertainty as to the destination of
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in shape, of a whitish colour, with rays or tentacles
diverging from every part of the body, which, Ehren-
berg says “serve to move, to feel,
and to catch.” When the minute
Infusoria, with which such water
swarms, come in contact with these
tentacles they contract, and the
entangled Infusorian is absorbed
into the body of the animal. The
conjugation of these animals has
been described by several observers,
and various interpretations offered
in explanation of the phenome-
non.! One difference to be ob-
served between the Amceba and the
ACTINOPHRYS soL. Sun-animalcule is, that in the latter

the locomotive organs, or tentacles,
are permanent, whereas in the former they are tem-
porary. We have given figures of two species of these
Sun-animalcules.

A very little advance in organization is to be seen
in Difflugia, of which there are nu-
merous species found amongst
Confervae, and dispersed over still
waters. This slight advance con-
sists of an external horny covering
or shell, which is pitcher-shaped,
with a narrow opening through
which the pseudopodia, or extem-
porized tentacles are protruded.

PIFFLUGIA.

! See Waller on Actinophrys sol in “ Quekett Journal,” No. 12.
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a vegetable, and this position they held to be
strengthened by the fact that its green colour was
subject to the influence of light, and was chiefly
developed under that influence.

The sponge, in its fresh state, is by no means an
attractive object, it has no beauty in form or colour,
and its odour is scarcely inviting. The entire substance
consists of a gelatinous mass, called sarcode, in which
are imbedded numerous long, slender, firm, needle-
shaped bodies which are called spicules. The com-
bination of the needle-like bodies forms a skeleton
which supports and gives firmness to the gelatinous
sarcode. The spicules, like needles of glass, are
composed of silex, or flint; and the sarcode is a
jelly formed of an agglomeration of bodies like the
Proteus into a mass. In the fresh-water sponges
we have a type of the great majority of marine
sponges, that is, a flinty or glassy skeleton of spicules
immersed in a mass of jelly. The soft sponges of
commerce are an exception, as they do not contain
such a flinty skeleton.

Enclosed within the substance of the Fresh-water
Sponge small seed-like bodies are commonly found,
to which the name of gemmules has been applied.
These contain spicules differing in form from those
composing the skeleton of the sponge. So much has
been written about these sponges of the fresh waters
and their life-history,! that we need only refer to the
sources where more explicit information may be found,

! Bowerbank, ‘¢ British Spongiada ” ; Williamson in ‘¢ Pop.
Science Review,” vol. vii. p. I.
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and especially to some observations on gemmules
and young sponges by Mr. J. G. Waller.1

If water which contains dead vegetable substances,
such as hay, grass, leaves, herbaceous stems, be ex-
posed for a little time to the influence of the atmo-
sphere, we shall find, on examining it with the micro-
scope, that it contains swarms of active little creatures,
moving about in all directions, and it was to such
animals, found under such conditions, that the name
of Infusoria was applied in times past. At that
period, not so very remote, the name of In-
fusoria was given iIndiscriminately to a vast
number of organisms, some vegetable, some animal,
of which many now much better known and under-
stood have been transferred to other positions, with
other names. As at present limited the Infusoria
possibly includes many disputed organisms, but it is
at any rate a very much smaller group than formerly,
and the term itself will probably soon pass out of use.

The Bell-flower animalcule, or Vorticella, is one of
the most attractive of the Infusoria, and may be
found in infusions of vegetable substances, or attached
to duckweed and other living plants. The body is
bell-shaped, and its mouth ornamented with a fringe
of vibratile cilia. This body is seated on a hollow,
long, elastic stem; which constantly contracts and
elongates alternately, so that the body is moved up
and down, whilst the base or lowest extremity is
attached to the object on which it is found. The
structure of the body has been thus familiarly ex-
plained. “The only familiar object with which I can

I ¢ Quekett Micro. Journ.,” iii., p. 42.
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to half its length, then lengthening again, but in all
1ts motions so leech-like, so slow, that it seems diffi-
cult to believe in its bearing any relationship to the
vivacious common species. If looked at carefully the
body will be seen to be traversed by parallel lines of
little warts or elevations, running longitudinally down
the body rather obliquely, but when the creature
contracts itself, these lines are still more oblique, and
have a spiral appearance, hence its name.! During
the slow gyrations and deliberate twistings of this
species, which are very convenient for its examin ation
1t will soon be discovered that its body is flattened,
or at the least it has the capacity of flattening itself;
but it does not revolve on its longitudinal axis, and
scarcely removes out of its place.

Yet another and more spirited member of the same
family is, it seems to us, found in every ditch. It
is green, with a red eye-spot, and a flagellum or
whip proceeding from the head, but seldom to be
seen. This may be called “ Leaflet Euglena.”? It
is just like a small green leaflet dropped from a
pimpernel, or some humble plant, into the water,
and suffused with life. In shape it is almost that
of a miniature codlin apple in outline, but flat as
a leaf. As it floats about, it turns first on one
side and then on the other, and as to its flounder-
shape there is no room for doubt. Nevertheless, it
has its upper side, for it does not reverse itself, and
this upper side is convex, like a lens, whilst the lower
surface has a very decided concave depression in the

V Euglena spirogyra., * Euglena pleuronectes.
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matter, which roll about freely. The motion of these
animals 1s very active, but steady and sustained,
caused by innumerable vibratile cilia. As it moves,
it continues to roll over and over on its longitudinal
axis, the opaque spheres rolling in its interior. To
all appearance this little animal consists wholly of
the external network, the centre being as free as the
interior of a Volvox. A dozen of these organisms
rolling about at the same time across the field of
the microscope form a very amusing object. Now and
then a specimen will be seen with a part of the upper
portion broken away, as if gnawed by a mouse, and
yet the animal rolls on as happily as if no accident
had befallen it. A still more interesting phenomenon
may also present itself, which serves to illustrate the
mode in which these animals increase themselves.
Here and there will be seen, in company with the
usual form, some individuals longer than the rest, but
with both extremities tails, that is, with the spiny
processes at both ends, and the centre constricted, as
if tightly girt by an invisible cord. If watched, these
double individuals lengthen more and more, until
they become just as large, and resembling two in-
dividuals soldered together by the head, and at last
separation takes place, and two Coleps swim away,
each on his own account. In this case one Coleps
has divided itself into two, a common mode of in-
crease in the Infusoria, and to be seen equally in other
species. We have observed in these dividing, and
in the recently divided individuals, that the upper
portion, for at least one-third of the entire length 1s
destitute of warts, or apparent cilia, which afterwards

- e il
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and in infusions, and may be traced through all the
stages of self-division. Nearly perfect, and ready to
part, a couple, joined end to end, may be seen
jerking amongst the rest as -rapidly as any, and even
at times a rapid jerk will part them, and each will
jerk on, never to meet again. A small fragment of
fresh water Conferva, such as a Zygnema, in a drop of
water will sometimes be accompanied by scores of
‘Sjetkens.

Here we must leave the Infusoria, and the whole
of the Protozoa, to which this chapter is devoted, not
because we have exhausted them all, or even those
most common or interesting, but because we have
fulfilled our intention of exhibiting the characteristics
of some of the principal members of the class in
question, leaving the special introduction to each of
the genera and species to devolve upon those who
devote themselves as specialists to the full investiga-
tion of the different manifestations of animal and
vegetable life, in the various groups.!

After describing some of these objects in his own
popular and agreeable style, a writer on the low
forms of life thus concludes his memoir. “ My
thoughts wandered back to the time when all these
strange phenomena, these evidences of the Creator’s
presence in every atom, were still concealed from the
vulgar eye, and were known, more imperfectly even
than at present, and only to a privileged few. And
then they sought to penetrate into the future, and I

! For special information, see Greene’s ‘‘ Manual of the
Protozoa.”
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And curious observation caught the clue
To this live labyrinth,—where every one,
By instinct taught, perform’d its little task ;
To build its dwelling and its sepulchre,” !

! Montgomery’s * Pelican Island.”
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thus constituted to be suspended in a fluid contained
in 2 membranous sac with two openings, one for the
mouth, and the other for the vent, the tentacles alone
being external to the sac. Let us still further suppose
the alimentary tube, by means of a system of muscles,
to admit of being retracted or protruded according to
the will of the animal, the retraction being accompa-
nied by an invagination of the sac so as partially or
entirely to include the oral tentacles within it, and if
to these characters we add the presence of true sexual
organs occupying some portion of the interior of the
sac, and the negative character of the absence of all
vestige of a heart, we shall have perhaps as correct an
1dea as can be conveyed, of the essential structure
of a Polyzoon in its simplest and most generalized
condition,” 1

Some of these animals delight in sub-alpine lakes
or rapid nivulets, where they adhere closely to the
under-surface of stones, while others prefer slow
rivers or the still waters of canals and ponds. One
species has been found as deep as four feet in the
water, but usually they occur at much less depths;,
and frequently at the very surface, attached to the
under-side of the leaves of floating plants. With one
exception they are destitute of locomotion, being
permanently attached to some fixed object ; and all
with this solitary exception impatient of the light,
withdrawing as much as possible to the most shaded
and gloomy spots. :

This is the barest skeleton of the character of the

1 Allman, ‘¢ Fresh-water Polyzoa,” p. 7.
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Aresh-water Polyzoa, to fill up the details of which
there is ample material in the excellent volumes which
have been published on the subject, but even an
abstract of which would go far to fill our little volume.
The best substitute we can offer is to indicate the
animals themselves, so that by collecting and studying
them our readers may compensate for our deficiencies.

We have said that with but one exception these
creatures were permanently attached; and this one
exception of a travelling Polyzoon we have in the
Cristatella,! which creeps over the stems and leaves
of aquatic plants, in clear ponds, delighting to bask
in the sunlight.

The moving Cristatella is an entire colony, and not
a single individual, the Polyzoa being of very sociable
habits ; and this colony is united together into a body
of an oval shape, rounded above, and flattened below,
temporarily adhering by means of the under surface.
On the upper, rounded surface, are the openings
through which the crests of the Polyps emerge, and
these are arranged in three regular lines around the
margin, with a clear space in the centre. In the
centre of the under-side is a disc, corresponding to a
foot, by means of which the colony 1s moved, or
moored.

Usually these colonies are not more than from
half-an-inch to an inch in length, although they have
been known to attain two inches, with a width of
.about one-eighth of the length. It is a splendid
.object to contemplate when in full expanse, the head

\ Cristatella mucedo,
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our illustration, has thus described the animal, with
reference to the wood-cut, the letters referring to the
parts under description. _

This large Polyzoon is a most interesting object for
the microscope, and being transparent, is very available
for examination, as the formation of the statoblasts (f)
can be seen in different stages of growth, from their
first appearance as a little swelling, when they are
quite colourless, to their perfect form, when they
become detached and fall free in the perigastric space
(¢), having become gradually coloured, the centre of
a dark brown and the margin a rich yellow. The
process of their propagation by gemmation or budding,
by which young ones are added to the existing colony
of living Polyzoa, can be plainly seen; while the
statoblasts (/) are designed to propagate the species
in the following spring, and are- liberated from the
Polyzoon at its death, when the transparent sac is
decomposed, and the statoblast escapes and sinks to
the bottom of the water.

The perfect transparency also enables us to witness
the internal operations of their system. The action
of the stomach in the process of digestion can be
observed with great clearness. The contents are seen
at times to consist of small desmids, and other disc-
shaped and globular bodies, together with decayed
vegetable matter, &c. The action of cilia on the
expanded tentacles causes a current of water to set
in towards the mouth (e, %) bringing with it the
food required ; and if in the vortex thus formed there
should be any large and objectionable pieces, they
are prevented from entering the mouth by a quick
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In one instance of a colony under my observation
they were increased in such numbers of all sizes that
they entirely filled the perigastric space (/), forcing the
smaller particles up even into the lophophore (), and
ultimately bursting the whole colony, and escaping
into the water, when all motion in them ceased, and
they soon disappeared altogether. When they are
few in number and of various sizes in the animal,
they form a novel and pleasing sight as they are
carried up and down by the current in the perigastric
space ; at times revolving with great rapidity on their
own axis, and at the same time round one another.
Frequently a group of five or six may be seen revolving
together. Some of them are perfectly clear, others
are partially covered with small globular forms of a
brighter appearance than the globeitself. The largest
of them are sometimes marked with irregular patches
of various shapes, and, as they revolve on their axes,
it gives them the appearance of a miniature world.
A few show an opening ( #), by which they are seen
to be empty hollow globes, but what they really are is
not known.

On being alarmed the Zoplhopus quickly retracts
within the transparent cell, and again protrudes when
all is quiet, unfolding its beautiful crown of tentacles,
in the course of which movement the action of the
muscles (¢) is plainly seen. The expanding of the
tentacles immediately on the protrusion of the polypide
from its cell is one of the most pleasing sights that
can be presented to the observer, as the cilia with
which they are studded are instantly in full play,
passing up on one side of the tentacle from the base
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Britain, but only one is at all common.! It has been
found abundantly in the Regent’s Canal, and other
canals, and in the London docks attached to floating
timber. It seeks obscure places, and attaches itself
to stones, timber, and submerged branches, in stag-
nant and slow-running water. The brown fungus-
like masses sometimes weigh upwards of a pound,
of a very irregular lobed shape, surrounding the twigs
and branches to which they may be attached.
“When a living specimen is examined in the
water, its whole surface seems covered with a whitish
down, which a slight examination shows to be occa-
sioned by the protrusion of innumerable polypides ;
when removed from the water the polyps shrink
back into their cells, and the surface then seems
covered with a gelatinous investment, caused by the
soft, papilla-like extremities of the tubes. These
extremities contract no adhesion to one another, like
the rest of the tubes, and the ectocyst, as it passes
over them, becomes very delicate and transparent ;
in dead specimens they shrivel up and disappear,
and then the surface of the mass presents a multitude
of closely-applied hexagonal or pentagonal orifices. The
whole production now assumes the appearance of a
spongy, honeycomb-like mass, and this has not unfre-
quently been mistaken for a fresh-water sponge. A ver-
tical section shows it to be composed of a vast number
of tough, horny-membranous branched tubes, closely
adherent to one another, and each opening on the
surface by one of the angular orifices just mentioned.
Imperfect transverse septa may be seen at the origin

V Aleyonella fungosa.
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perfectly undisturbed,
but it is peculiarly
timid, and the crests
are immediately with-
drawn upon the slight-
est disturbance. In
the oariety of this
Plumatella, which
some have considered
as a distinct species,
instead "~ of *the
branches of the poly-
pidom creeping along
on the surface of the
plant, to which they
are more or less at-
tached, they are quite
free, and form a some-
what entangled bush-
tuft ; theessential cha-
racteristics of the en-
closed animal is alike
in both. The number
of tentacles in each
crest of the common
Plumatella 1is sixty,
but in some of the
other species it is as
low as forty. In struc-
ture and movements
they correspond with
the other fresh-water
PLUMATELLA. polyzoa.
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to the naked eye, an object of extreme elegance, and
we can easlly participate in the feelings which must
have actuated Blumenbach when he bestowed on
this little animal the imperial designation it has since
borne. It can be kept alive and healthy in a pail
of pure water, and when undisturbed the polypides
will readily issue from their cells, and display their
plumy crowns. A large branch thus studded with
the campanulate crests of the polypides is an object
which, in elegance, can hardly be surpassed, and
with these strange sentient flowers instantly retreat-
ing on the approach of danger, and, when all is once
more quiet, again coming forward in their beauty,
presents a spectacle not easily forgotten.”!

The Paludicella®? bears some resemblance to a
creeping coralline, running over submerged stones
to the extent of one or two inches, giving off straight,
rigid branches, either singly or in pairs; every branch,
and portion of adherent trunk, consists of club-
shaped joints attached end to end, so as to present a
chain-like appearance. The openings are on one
side, near the wider ends of the club-shaped joints,
and terminate in small tubes which project from the
joints. The colour of the polypidum, when old, is
.dark brown.

The crown is circular, from which arise the sixteen
tentacles, in a perfectly funnel shape. In all its
features there is such a manifest distinction between
the Paludicella and all the other fresh-water forms,
that there is scarcely a possibility of mistaking it.

! Allman, p. 112, * Paludicella Ehrenbergii,
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way Influence our
operations, and we
shall proceed to indi-
cate what sort of
creatures these Roti-
fers are, some of the
places in which they
love to dwell, and
what the interest they
possess for the ram-
bler in search of the
notable things in the
water.

Converse for half-
an-hour with any one
of the somewhat nu-
merous class of enthu-
siasts who spend their
Saturday afternoons
in exploring ponds
and ditches, and you
will not fail to hear
something of Stepia-
noecros.!  And who is
Stephanoceros ¥ We
must confess that it is
only a Rotifer with a
big name, but a spler-
did one it must be
confessed, and hence
the ambition of every THE CROWN ANIMALCULE.
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V Stephanoceros Eichhornii.
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fresh-pond hunter is to-find SZeplanoceros, or, as it has:
been called, the “Crown Animalcule.” Ask a party
of Quekett Club excursionists, starting for a trip to
the ponds, what they expect to find, and the answer
will be Stephanoceros. Turn over the leaves of any
volume professing to be a guide to the microscopist,.
and amongst desirable animals you will find mention
of Stephanoceros. Unfortunately, this is a rather
erratic individual, and where found plentifully in a
pond during one year not a single one may be found.
in the next. Let us attempt its portrait.

The creature reaches a length of one-fifteenth of
an inch, and therefore is distinctly visible to the
naked eye. In its adult condition it becomes per-
manently fixed on aquatic plants. The lower portion,
which is attached, consists of a gelatinous envelope,,
like a transparent cylindrical case, into which the
animal can retract itself at will. When expanded,.
the upper portion which protrudes from the case is
terminated by five spreading arms, and these are
furnished throughout with long hairs, or cilia, which
almost imperceptibly produce waves of motion from
end to end. These expanded arms with their cilia
form a kind of network cup, in the centre of which
at the bottom is the mouth. * There is a manifest
vortex in the enclosed area, for small infusoria ap-
proaching are presently drawn in and are driven.
about in the space. They can enter readily at all parts
between the arms, but cannot get out; for if one
approaches the arms from within it is seen instantly
to be shot back towards the centre. I perceived,”
writes Mr. Gosse, “after some careful watching that.
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jars of water exposed to the light, but guarded from
the hot rays of the sun. Fragments of fresh-water
plants may be occasionally added, but these need
not be rooted, and in this manner the strange creature
may be kept five or six weeks, and afford continual
instruction and amusement.

Similar, but yet different, is another of the large
rotifers which become permanently attached to aquatic
plants. This is the Floscularia ;! it may be one of two
or three species, but the general appearance and
habits of all are the same. Like the Stephanoceros
this has also a delicate thin transparent envelope
surrounding the lower portion of the body and the
foot. So delicate is this membrane that it is often
to be seen only with the greatest difficulty. The
principal difference which will become manifest is
that the lobes or arms are very short and knobbed
at the end. The long cilia are clustered upon these
knobs, from which they radiate in all directions.
The animal is smaller than the Stephanoceros, but
many consider it even more beautiful. The number
of lobes is five, and of the long cilia which beset
each lobe from forty to fifty have been counted on
each knob. When the Floscule draws itself into its
case all the cilia are thrown upwards in the same
direction, parallel to each other, so as to form a
single pencil. “They are motionless when expanded,
but, while protruding, and in the instant of expanding,
the pencil is seen to be agitated with a close and
rapid thrill or wave, which runs along it, and looks

v Floscularia ornata, or Floscularia cornuta, see frontis-
Piﬂvﬂﬂ-
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much like the flickering of a candle-flame. It ceases
the instant the disc is expanded.”!

This creature will be met with on the leaves of
submerged plants, such as the water crowfoot, but a
little experience is necessary to distinguish them.
Mr. Slack thus gives advice which will be found
useful :—* When the floscules, or other tubiculous
rotifers are specially sought for, the best way 1s to
proceed to a pond where slender-leaved water-plants
grow, and to examine a few branches at a time in a
phial with a pocket lens. They are all large enough
to be discerned in this manner, and as soon as one
is found others may be expected, either in the same
or in adjacent parts of the pond, for they are gre-
garious In their habits. With many, however, the
first finding of a floscule will be an accident, as was
the case last April, when a small piece of myrio-
phyllum was placed in the live box, and looked over
to see what it might contain. The first glimpse
revealed an egg-shaped object, of a brownish tint,
stretching itself upon a stalk, and showing some
symptoms of hairs or cilia at its head. This was
enough to indicate the nature of the creature, and
to show the necessity for a careful management of
the light, which being adjusted obliquely, gave quite
a new character to the scene. The dirty brown hue
disappeared, and was replaced by brilliant colours;
while the hairs, instead of appearing few and short,
were found to be extremely numerous, very long, and

' For a fully detailed account of this animal see also
‘“ Popular Science Review,” vol. i., p. 160,
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glistening like delicate threads of spun glass.”1 He
then goes on to describe the floscule, but our space
will not permit us to follow him.

The last of the fixed Rotifers to which we purpose
alluding is the Melicerta,” and with this we are intro-
duced to quite another type
of tube-dwellers. So much
has been written of the *tube-
builders ” that it is difficult to
add anything, or even to de-
scribe them but by repetition ;
hence we cannot do better than
quote one of Mr. Gosse’s ex-
cellent descriptions. “Imagine,
then, a little tube about 1-30th
of an inch high, slightly widen-
ing at the top. It stands up
from the surface of the leaf
erect, being affixed by the base,
which i1s sometimes dilated ; the
mouth being uppermost. This
tube is of a dark yellowish or

MELICERTA. reddish-brown hue, and is found

to be composed of a multitude

of round pellets, set very regularly in a sort of
mosaic, apparently agglutinated by a cement in-
soluble in water. But while we gaze, a curious
object is slowly protruding from this tube. A com-
plicated mass of transparent flesh appears, involved

! ¢¢Marvels of Pond Life.”
? Melicerta vingens and other species,
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in many folds, displaying at one side a pair of hooked
- spines, and on the other two slender truncate pro-
cesses projecting horizontally. As it exposes itself
more and more suddenly two large rounded discs
are expanded, around which, at the same instant,
a wreath of cilia is seen performing its surprising
motions. Often the animal contents itself with this
degree of exposure, but sometimes it protrudes
further and displays two other smaller leaflets oppo-
site to the former, but in the same plane margined
with cilia in like manner. The appearance is now
not unlike that of a flower of four unequal petals ;
from which resemblance, Linnzus, who compared it
to a ringent labiate corolla, gave it the trivial name
ringens, by which it is still known. On each petal
we see a white line, probably a nervous thread,
running parallel with the margin, to which it 1s
connected by many radiating short lines.

¢ But the eye is involuntarily drawn from the petals
themselves of this living flower to the beauty of the
coursing cilia; these appear to chase each other
in ceaseless race along the margin, running down and
up the sinuous divisions of the petals ; now relaxing,
now refreshmg, their speed. This progression of the
ciliary waves is now well understood ; but, while we
gaze upon them, we find it easy to fﬂrgwe the error
of those who maintained that the teeth actually ran
around the margin of the stationary wheel.

“ Below the large petals, on the ventral aspect, and
just above the level of the projecting antenne, is a
small circular disc or cavity, within the margin of
which a rapid rotation goes on. This little organ I
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can compare to nothing so well as to one of those
circular ventilators which we sometimes see in one of
the upper panes of a kitchen-window, running round
and round, for the cure of smoky chimneys.”! Then
follows his excellent description of how he watched
and saw the animal build up its tube, how the pellets
were formed, and how they were deposited one by
one, as they were made on the upper portion of the
tube. Thus a “ home without hands ” is constructed
in a most marvellous manner by a diminutive crea-
ture supposed to occupy a place very low indeed, as
compared with the bird and the beaver, in the scale
of creation.

Like the Stephanoceros and the Floscule, this
little architect must also be sought on the submerged
leaves and stems of aquatic plants, such as the water
milfoil. If one or two are found the search should
be continued at once, for, as they are gregarious,
many more will doubtless follow. Gosse states that
he has found as many as sixty or seventy upon a
single leaf.

From individuals who live singly and separately
we pass to others flourishing in communities, of
which two examples must suffice. One formerly to
be found in great quantity in little ponds on Hamp-
stead-heath, i1s the Conochilus.? The clusters are
distinctly visible rolling slowly through the water,
now rising, now falling, not by any sudden jerking,
but gradually and steadily like that of a large body
impelled by a combination of small forces. The

I ¢ Tenby,” p. 313 * Conochilus volvox.
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each surrounded by its crown of rapidly rotating and
strongly-marked cilia are almost distracting. Some
display the front, some the side; some turn them-
selves so as to present to the eye a transverse view of
the crown, others are almost vertical ; it is only in
the latter, when the eye looks down upon the disc,
that the divided structure can be seen. Some are
continually shrinking up by forcible contractions of
the foot, and some are vomiting forth the flattened
pale-yellow eggs which are ready in the ovary. This |
1s, indeed, the first thing done as soon as a cluster is
put into the live box; the animals being probably
excited by being caught and moved from vessel to
vessel. Many eggs are presently seen, forcibly ex-
pelled from different individuals, and whirling about
in front of the animals.”!

After an hour or two of confinement in the live-
box the animals will be seen to separate, and the
communities break up. Each individual now floats
about on its own account, with the foot shrunk up
to the dimensions of a small nipple, and this end
generally thrust foremost. This dissolution is but
the prelude to an early death, the motions grow
fainter and fainter until they cease altogether, and
nothing is left but a yellow indistinct spot to
represent the once-vivacious Conochilus. '

The other composite Rotifer is Lacinularia® whi
is much less common, but sometimes to be found in
numbers living amongst the Hornwort® in ponds and

! Gosse, ‘* Contributions to the Rofifere.”
* Lacinularia socialis, 3 Ceratophylium,
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streams, with a preference for the latter, The clusters
are much larger than those of Conoclilus, being as
much as one-fifth of an inch in diameter. The in-
dividual animals have an elongated conical form, with
the wide extremity outwards, and the narrow blunt
end attached to the common centre. The outer
extremity is terminated by a horse-shoe-shaped wheel-
organ, or ciliated disc. When the animals are con-
tracted and at rest, the disc i1s drawn in, and they
have at that time a more pear-shaped appearance.
There is one readily-appreciated difference between
the habits of Zacinularia and Conochilus, that whereas
the colonies of the latter usually float about freely in
the water, those of the former, except in young
colonies, are attached to aquatic plants. Unfortu-
nately, confinement seems to be fatal to both, for of
the latter Ehrenberg says :—* In vessels of water they
rarely support themselves eight days ; they die and fall
to the bottom, even if plants be growing with them.”

The anatomy and physiology of the Zacinularia
were closely investigated by Professor Huxley some
quarter of a century ago, and the results are given
in a most exhaustive paper on the subject, to
which those desirous of more explicit information are
referred.!

From the fixed and the community Rotifers we
must now pass to the free and independent individuals,
many of which are common in the localities within
our jurisdiction. We shall not feel bound to restrict
ourselves to any scientific order in their enumeration,

! “Transactions, Microscopical Society,” vol. i. (1853), p. 1.
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but mention a few as examples of the rest. It would
extend this chapter to disproportionate limits were we
to attempt to describe all the Rotifers which may be
found in still waters. Unfortunately there are no
popular names by which these little creatures are
known, so that we must be content with adopting the
generic name.

The Zosphoral is a sprightly little species found in
tiny pools on heaths and commons,
as, for instance, on Hampstead Heath.
- Its body is cylindrical, about one hun-
dredth of an inch in length, and a
diameter of about one-third its length.
Its two-toed foot is short, and of
course occupies the lower end of the
body, whilst the variabie head 1s at
the other. They will live and increase
if placed in a little bottle of water,
together with a few leaves of duck-
weed, some conferv, or other aquatic
plants, and left uncorked in full day-
light, but protected from the rays of
the sun. In this condition they will

gospHorRA.  play about, darting through the water

or scattering the sediment at the
bottom, rotating slowly as they go. Small as they are
their movements may be watched with a pocket lens,
if the fingers are placed on the opposite side so as to
form a kind of dark background for the objects.
When the animal is feeding, it rests upon its two-toed

! Eosphora aurita.
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speedily carried down to the gizzard, and occasionally
if found too large or unmanageable, is cast out again,
¢ A description of this animal would be very incom-
plete if it omitted that important organ the tail (or
foot) which in this family reaches the highest point of
development. It is a powerful muscular organ, of
great size in proportion to the animal, capable of
complete retraction within the lorica, and of being
everted wholly, or partially, at will. It terminates in
two short conical toes, protruded from a tube-like
sheath, and capable of adhering firmly even to a
substance so slippery as glass. This organ may be
observed to indicate a variety of emotions, if we can
ascribe such feelings to a Rotifer, and it answers many
purposes. Now we see it cautiously thrust forth, and
turned this way and that, exploring like an elephant’s
trunk, and almost as flexible. Now it seizes firm
hold of some substance, and anchors its proprietor
hard and fast. A few moments afterwards it lashes
out right and left with fury, like the tail of a catin a
passion. Then again it will be retracted, and a
casual observer might not imagine the Brachionus to
be furnished with such a terminal implement.”! Itis
not unusual to see one of these Rotifers sailing about
in ease and comfort with two or three eggs attached
to the lower surface of the body near the foot.
Perhaps no Rotifer has been more widely or exten-
sively known than that which is figured in older
microscopical books as the “ Wheel-animalcule.” It
is sometimes called the “ Common Rotifer”? and is

1 Slack’s *“Pond Life,” p. 125. 2 Rotifer vidgaris,
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perhaps the commonest of all the species. The elon-
gated body is terminated in its upper portion by a
proboscis ciliated at the end—on which
the two eyes are placed, on either side
is the rounded lobe of the rotary organ, %
or “wheels,” as they were called when |
their structure was almost unknown.
The lower extremity terminates in a
foot with two toes, and this foot is in
reality telescopic, one tube within
another, so that it may be shoriened
or elongated in the same way as a
telescope is drawn out or pushed in.
This little creature is found in all kinds
of localities, in fresh water, even in
gutters around the roofs of houses,
besides ponds and ditches, and little
puddles on heaths. COMMON
This Rotifer sometimes remains at- ROTIFER.,

tached whilst being examined under the

microscope, by fixing its foot to some fragment of
a water plant; at other times it is very restless, and
keeps moving about in search of an eligible site.
When it is possessed with this roving dispo-
sition it will be seen that it travels as a cater-
pillar travels, by looping; just above the foot its
attachment is accomplished by means of a small
round disc resembling a sucker, and the proboscis at
the other end also attaches itself in the same manner,
forming a kind of temporary sucker. Extending itself
in full length, it waves about, and at last attaches its
proboscis, then it draws up its nether extremity nearly
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to the head. The little discoid sucker is seen attached
to the glass, and the frontal extremity is thrust forward
again to the extreme length of its attenuated body,
and in this manner it soon makes rapid progress out
of sight. In these movements it will also be observed
how, in contracting itself, the Rotifer slides one joint
into another, like shutting up a telescope. Of course
whilst moving about in this restless manner, the
““ wheels ” are not in operation.

It will be as well to caution the inexperienced
observer of these organisms, that every Rotifer
which may to him appear to be of this species
may in reality be very different. It is by no means
unusual to meet with another bearing a considerable
family likeness to it in the same situations, but which
at a glance is seen to possess a most decidedly roseate
hue. The rosy colour, however, is only a minor
difference, for, as soon as the creature has become
sufficiently quiet to undergo examination, the two
red eye-spots, which, in the common Rotifer are seated
on the proboscis, are in this Rotifer seated much lower
down, upon what might be termed the breast, and
wider apart from each other. This feature, combined
with the rosy colour, will indicate the ‘ Rosy Philo-
dina.”! The last time we saw this Rotifer, less than a
week before penning these lines, it was on a minute
fragment of a Chatophora (Fresh-water Algee) that had
been placed under the microscope for the purpose of
determination, and, behold, no less than five indi-
viduals of this species of Rotifer made their appearance

1 Philodina roseola.
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colourless. But we have several times seen a rather
larger, and it seems to be a different, species, with
a slight rosy colour. This has the carapace at the
upper end hollowed out, so that the two angles pro-
ject like short spines, and there is no frontal hook.
The toes are shorter than in the other species, but
its habits and mode of life seem to be very similar.
Some of the species have a ridge, like a keel, down
the back, but in this one the back of the carapace is
only gently convex.

It is much to be wished that some one would
discover a method whereby Rotifers can be put to
instant death, with all their organs fully extended,
so that they may be mounted as permanent objects
for the microscope. There are some minute crea-
tures to whom a drop or two of sweet spirits of
nitre supplies a “happy dispatch,” for they immediately
die with all their organs expanded, and in this state
can be “mounted” and always examined. But, up
to the present, no one has devised such a method
applicable to the wheel-bearers. As they die they
contract, and become beyond power of recognition,
except those furnished with a shield, and the empty
““casts” of these are as good as the dead animals.
The most perfect “ mounting ” will never equal living
animals for the purpose of study, but it must be
remembered that living animals are not always to be
found just when they are wanted. And, for scientific
purposes, a good method of preserving these and
similar animals is very requisite. It may be a very
rare, or unique individual which presents itself. A
few hours and it is dead, and past recognition.
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of the Wheel-bearers to observe that some of them,
as the Common Wheel-bearer, have flexible bodies,
which retract or lengthen, and assume varied shapes ;
whilst others, such as the foregoing are enclosed in a
lorica or shield, like a tortoise, and, consequently,
are not so polymorphous. The presence or absence
of a shield will assist in determining their names.
The revival of Wheel-bearers after desiccation has
long been known, and cited as one of the mysteries
of low-life. Doyere, a French naturalist, says ths
they will revive, that is, pass from a motionless state
to one of motion after having been exposed to a
cold of 20° below freezing point, or to a heat of
113° Fahr. ; that they preserve the property of reviving
in dry sand up to a temperature of 159° Fahr., but
that they lose this property and remain immovable if
warmed in moist sand to 131° Fahr. He also says
that he has seen them slowly revive after being dried
without sand. Ehrenberg has given a most complete
history of all the observations instituted on the so-
called revivification of Rotifers. He believes that
notwithstanding all the means of desiccation employed,
life still remains in the apparently dead animal. He
contests the hypothesis of latent life, for death, he
says, 1s not life in a torpid state, but the absence o
life. Fontana mentions that he succeeded in re-
storing to animation, after two hours’ immersion in a
drop of water, a Wheel-animalcule which had lain ir
a dried and motionless condition for the space ol
two years and a half.!

' Humboldt’s * Views of Nature,” p. 240.
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“ Once I could meet with them on every side ;
But they have dwindled long by slow decay ;
Yet still I persevere, and find them where I may.’”

The suctorial leech sucks the blood willingly of
all the vertebrate animals ; to accomplish which it
attaches itself first by means of the sucker at its
opposite extremity, and a suitable spot being selected
it cuts through the skin. This i1s accomplished by
means of its three teeth, embedded in a strong circle
-of muscular fibre. Each tooth is somewhat semi-
circular, with its free
margin toothed, re-
sembling a minute
semicircular saw. If
a leech be carefully
watched, it will be
seen that a sawing
motion is given to
each tooth by the

MQUTH OF LEECH (enlarged).  strong muscles, and

hence that the tri-
radiate wound of a leech consists of three minute
saw-cuts.  The rest is known to many experi-
mentally. There is, however, one fact about leeches
not generally known, that they possess ten eyes, ar-
ranged in a curved line.

The Common Horseleech (Awlostoma) is a cruel
and greedy worm, feeding on earthworms, grubs,
snails, and other leeches, but although carnivorous,
it has only three small cartilaginous teeth, and cannot
inflict a wound like the true leech, neither is it a
suctorial worm. Stories are numerous in country
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them we cannot be expected to do more than thus
indicate their existence.!

The mud of ponds and ditches, as well as that of
rivers, is often to be seen literally covered with little
protruding red worms from 1 inch to 1} inch inlength,
with half the body immersed in the mud, and the
other half exposed. They possess such facilities for
the reproduction of the species that they increase with
great rapidity, and may often be seen in such numbers
as to cause patches of red on the surface of the mud
in which they burrow. When disturbed they withdraw
their bodies into the mud, and with them the red
patches instantly disappear. This little creature is the
Summerworm, or Red River-worm?® and belongs to the
same family as the earthworm, but has much more
interest because of its delicate uncoloured skin,
through which, as through glass, the whole of its
internal economy may be seen and studied. The
red appearance of these creatures is due to the blood-
vessels seen through the transparent skin; and here
we have an open book, which the inquisitive may read,
and learn all the mysteries in the life of a little worm,
with its two hearts, its large liver, its blood-vessels,
its nervous centres, and indeed its whole nervous and
circulatory system, even to the discovery of its parasite,
a little Infusorian which dwells in its interior, and
seems to enjoy itself within a world entirely its own.
The annuli or rings can be seen and counted under a

-

! Ray Lankester, on Planarian Worms, in ** Popular Science
Review,” vol. vi., p. 388.

? Tubifex rivulorum. See also ** Popular Science Review,”
vol. ii., p. 10.
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lens, and by the same means the two lateral rows of
bristles may be distinguished. Notwithstanding the
general dislike which most persons feel towards all
such creeping animals as snakes and worms, it is well
to suppress such a feeling for a while in favour of
this harmless little * red-worm,” and learn some of the
many lessons it can so readily teach.

There are to be found in localities and in situations
which are variable, certain small, slender, worm-like
creatures to which the name of Nematoids has been
applied. Some of these come within our jurisdiction
and therefore demand some notice. Three Nematoids
may be named, with which most persons are familiar,
and these will serve as excellent types of the kind of
creatures concerning which we are writing. These
three are called, the Vinegar-Eel, known to micro-
scopists as developed under certain conditions in
vinegar ; the Paste-Eel, which any one may soon rear
for themselves from stale paste ; and those minute eel-
like bodies called Vibrios found in wheat suffering
from the disease called “ Pepper-corn” or * Ear-
cockle,” These are all examples of Nematoids. They
are minute, eel-like, or worm-like creatures, the struc-
ture and anatomy of which may be studied in special
memoirs devoted to the subject. In size they vary
from one-seventieth of an inch to three-quarters of an
inch in length; and the sort of places in which
they are found are thus summarised by Dr. Bastian :—
‘ Beginning with the land and - fresh-water species, I
have found them in all the specimens of soil examined,
In moss, in various species of lichens, about the roots
of fungi, also in the roots of grasses, and between the
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in length, of a brown colour, with white spots, and
frequents the margins of pools. It runs rapidly on
the surface of water, even when carrying its cocoon,
and “frequently takes refuge from danger beneath
the surface of that liquid, concealing itself among
the leaves of aquatic plants.” It can carry down
with it sufficient air to remain immersed for a con-
siderable time,

Another, and one of the largest of British spiders,!
with legs upwards of an inch long, is of frequent
occurrence in the fens of Cambridgeshire, and, like
the foregoing, descends spontaneously beneath the
surface of the water. The body and abdomen are of
a reddish-brown colour, with a broad paler longi-
tudinal band on each side. It is quite possible that
these are not the only spiders we have which will
take to the water, as the number of observers capable
of distinguishing the species are remarkably few.

Familiar objects to the pond-collector are the little
bright vermilion mites which swim about vigorously
amongst the water-plants. Little bright red dots,
and to the naked eye they are scarcely more, float
about in the clear water, but never in numbers, only
two or three being seen at a time. Some there are, it is
true, which never swim at all, but are content to crawl
over the surface of the submerged vegetation. Under
a lens the little red dots are seen to resemble a spider
in shape, indeed, they are sometimes called “little red
water-spiders,” but the name of water-spider belongs
of right to the larger animals. These, which to the

Y Dolomedes fimbriatus.
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The Water-bears possess in common with the Roti-
fers the power of supporting protracted desiccation,
and of reviving on the application of moisture. Prit-
chard says that they can be revived after being put
into hot water at 113° to 118° Fahr,, but are destroyed
by immersion in boiling water. ‘They may be
gradually heated to 216° 250° and even 261° It is
also by their capability of resuscitation after being
dried that they are able to sustain their vitality in
such localities as the roofs of houses, where at one
time they are subjected to great heat and excessive
drought, and at another are immersed in water.” In
a memoir, written upon this very subject, Doyere, a
French naturalist, thus summarizes his experiments.
“ Desiccation conducted in an ordinary temperature
might be open to many objections which are not per-
haps wholly obviated by the employment of a vacuum,
but when we observe that the Tardigrades irrevocably
perish in a temperature of 131° Fahr., if their tissues
are permeated with water, whereas they can, when
dried, support a temperature that may be estimated at
248° Fahr., we are disposed to admit that the sole
condition required for animal revivification is the
perfect integrity of organic structure and continuity ; ”
and Humboldt, after comparing these phenomena with
the winter sleep of reptiles, adds, ““the apparent re-
vivification of the Rotifers, and of the silicious shelled
Infusoria, is only the renewal of long-enfeebled vital
functions—a condition of vitality never entirely ex-
tinguished, but merely revived by excitation.”
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Dr. Baird, “frequently seen large patches of water in:
different ponds assume a ruddy hue, like the red rust
of iron, or as if blood had been mixed with it, and
ascertained the cause to be an immense number of
Daphnia pulex. The myriads necessary to produce
this effect is really astonishing, and it is extremely
interesting to watch their motions. On a sunshiny
day, in a large pond, a streak of red, a foot broad,
and ten or twelve yards in length, will suddenly appear
in a particular spot, and this belt may be seen rapidly
changing its position, and in a very short time wheel
completely round the pond. Should the mass come
near enough the edge to allow the shadow of the
observer to fall upon them, or should a dark cloud
suddenly obscure the sun, the whole body immediately
disappear, rising to the surface again when they have
reached beyond the shadow, or as soon as the cloud
has passed over.”!

The body of the Water-flea 1s composed of two
portions, the smaller forms the head, the larger con-
sists of the thorax and abdomen, contained within a
delicate shell. The valves of this shell are marked
about their centre with a reticulation of faint lines.
They are united along the hinder margins, and open
in front, the lower extremity in some species being
prolonged into a kind of spur of variable length.

The head is lengthened out in front to a kind of

beak, beneath which are the superior antennz (differing
greatly in the two sexes of the same species). In the
female these antenne are very small. On each side,

! Baird’s ¢‘ British Entomostraca,” p. 78.
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the Great Water-flea,! which has been found on
Bexley Heath, and other places around London. It

is as much as one-
fith of an inch in
length, and two lines
broad. The terminal
spine at the lower
edge of the carapace
is very long, being
proportionately twice
as long as in the
Common Water-flea.
Their motion through
the water, says Dr.
Baird, is peculiar,
being a tumbling,
heavy sort of move-
ment, and when seen
in their native ponds
they seem to keep
near the bottom.
When at the bottom
of the vessel in which
he kept them, he

GREAT WATER-FLEA.

frequently saw them turn head over heels throwing
a regular summersault, ten or a dozen times in suc-

cession.

Another species found in the neighbourhood of
London, commonly and plentifully, throughout sum-
mer and autumn, is the Spineless Water-flea,® which

V Daphnia Schefferi.

* Daphnia vetula,
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is sufficiently to be distinguished for our purposes by
the absence of the spine at the lower extremity of the
carapace. The smaller head and greater breadth of

.

SPINELESS WATER-FLEA.

the lower portion give an almost reversed pear-shape
to this species.
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embellished with transparent seta of variable length.
From the upper extremity proceed two pairs of
antenng, one pair larger than the other, and from
these the species formerly obtained its name of
Quadricornis (four-horned). In the males the form
of the antennze is different, and serves to dis-
tinguish the sexes. In its progress through the
water the Cyclops moves with a rapid jerking
motion, which may be seen by holding a bottle
containing them up to the light. It will then be
observed that the principal propelling organs are its
oar-like feet, of which it has five pairs. Each foot,
which may be said to be double, consists of a com-
mon stem, from whence arise two-jointed branches,
liberally furnished with sete, or bristle-like appendages.
The fifth pair are rudimentary, and differ with the
sexes.

The females greatly preponderate, and are easily
recognised by their external ovaries, which hang sus-
pended on each side of their bodies like miniature
clusters of grapes. Leeuwenhoek says that in speci-
mens which he saw of this species he counted the
eggs, and found them arranged three or four in
breadth, and nine or ten in length ; Dr. Baird says
that females are often seen carrying 3o or 40 eggs on
each side. Jurine, who watched carefully the hatch-
ing and increase of this species, says that ‘ he has
seen one female isolated lay ten times successively,
but in order to speak within bounds he supposes her
to lay eight times within three months, and each time
only 40 eggs. At the end of one year this female
would have been the progenitor of 4,442,189,120
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near the surface, or bottom of the vessel, without
apparent effort. They differ from all larve with
which I am acquainted by this habit of remaining
suspended in mid-water, seldom seeking the surface
for purposes of respiration, as in the case of
other Diptera. I must not, however, allow you to
form the impression that their habits are sluggish
and inert. Far from this, their quietude is that of
the eagle, for, like that bird, they are watchful and
ready to pounce in a moment on any object moving
beneath them. Their spectral appearance, and the
mysterious manner in which they vanish and reappear
in unexpected places, will explain their name. One
habit seemed at first especially ‘ uncanny,’ the sudden
way in which they make a half-turn, like the needle of
a magnet, so that if we are examining the head, we
find the tail substituted in its place, and before we
have time to make out the details—presto ! the head
as suddenly appears! Our phantoms are, I fear, not
so innocent as phantoms should be. We may rather
compare them with vampires which suck the life-blood
of unwary victims ;—a glance at the cruel armature
of the mouth will satisfy you of this fact. Our larvee
are very pugnacious ; they are continually butting at
one another, after the manner of rams; and when
one commences an assault, the spectators are certain
to join in 1t.”

In order that our figure of this larva may be com-
prehended in its details it will be essential to give an
outline of its structure. The body is about half-an-
inch long, gradually tapering to the tail, there are no

605 ; Prof. Rymer Jones in *‘ Quart. Micro. Journ.” vol. vii.
p- 99; Dr. B. Carrington, ** Science-Gossip,” April, 1868,
P
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which swarm in stagnant waters. Notably amongst
these are gnats and ephemere, which, when arrived
at their mature condition, hover like clouds over
swamps and marshy places. Even the water-butt,
wherever water-butts are fashionable, contains the
ubiquitous larvae of the gnat. Standing waters are as
much a necessity to the large family of gnats as to
toads and frogs, as all those have experienced who
have attempted to spend a few quiet summer nights
in some of the fenny districts.

The female gnat deposits her eggs on the surface of
the water, in which her offspring are destined to pass
so much of the earlier portion of their career. These
eggs are glued together at the moment when they
are deposited by the mother, so as to form a mass
resembling a little boat, so beautifully constructed as
to float unharmed even during the roughest weather.
The eggs of which this little bark 1s composed are
conical in shape, and closed at one end by a kind of
lid, by means of which the mature insect is destined
to make its escape. The larva, as is well known,
does not bear the slightest resemblance to the perfect
insect, and its organs of respiration are singularly
modified in accordance with its habits. The head is
large and supplied with two feelers, or organs which
by their movements bring food to the mouth. The
thorax is larger than the head, and furnished with
tufts of hair. At the end of the tail are cer-
tain fan-like fins, which by their motion help to
sustain the larva at the top of the water, where it
remains suspended, with the head downwards. In
such a position respiration would be impossible but
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for an arrangement of the breathing organs which
allows of free communication with the air. The
trachee, or breathing pores, are connected with a
tube, appended to the last segment but one of the
abdomen, the perforated end being raised above the
water, so that the creature obtains from the air the
oxygen necessary for respiration.

After casting its skin several times, the larva being
fully grown enters the pupa state, and in this condition
still remains aquatic, occupying a position near the
surface of the water. In this altered condition it also
changes its position, so that the back of the thorax, and
not the tail, is brought into proximity to the surface.

“The problem to be solved ” says Professor Rymer
Jones “is how shall the mature gnat escape from the
water without being wetted ? And when we consider
that neither the larva nor the pupa possesses instru-
ments of locomotion, capable of enabling it to leave
its native element by crawling on shore, the difficulties
attending the change appear almost insurmountable.
It 1s evident that while swimming, in the position in
which the larva floats, the last change could not by
possibility be accomplished, as the bursting of the
integument would at once admit the water to the sub-
merged gnat, and drown it at the moment of its
birth ; but by the new arrangement the metamor-
phosis is easily effected, and that in a manner so
beautiful, that it is hard to say which is most admirable,
the simplicity of the contrivance, or the perfection
with which the object is accomplished. No sooner
has the encased 1imago become fitted for its escape
than the pupa, rendered more buoyant, raises its back
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above the surface; the protruded portion of the
pupa-case soon dries, and gradually begins to split in
a longitudinal direction so as to form, by its expansion,
a boat wherein the gnat swims upon the top of its
native pond ; and sustained in this frail bark, formed
by its late skin, it gradually extricates its legs and
wings from their coverings, and is kept perfectly dry
until the expansion of its instruments of flight enables
it to soar into the air, and quit for ever the raft so
singularly provided for its use.” 1

Not many years ago, when the weather was un- |
usually hot, there was great cry, and some alarm, |
from Woolwich and other places on the Thames,
that the mosquitoes had come. Of course there
was discussion, and some affirmed that mosquitoes
are only gnats, with the sting rendered more
venomous by hot weather. Mosquitoes and gnats
are but popular names for two-winged insects
belonging to the same genus. What is called the
“ mosquito ” in India, or in North America, is only a
gnat, but in each case of a different species to that
which is most common in this country. Even here,
we have not one species of gnat, but several, and the
larvee of all are aquatic. It requires the knowledge
of an experienced naturalist to distinguish a Yankee
mosquito from a British gnat by the appearance only.
But no such scientific knowledge is requisite when it
becomes a question of feeling, rather than one of
judgment.

There is one anecdote extant of how mosquitoes

! Prof. Rymer Jones. ‘¢ Animal Kingdom,” p. 396.
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were once turned to good account in California, A
rogue had stolen a bag of gold from a digger and hid
it. Neither threats nor persuasions could induce him
to reveal the place of its concealment. He was at
last sentenced to a hundred lashes, and then informed
that he would be let off with thirty, provided he would
tell what he had done with the gold, but he refused.
The thirty lashes were administered, but he was still
as stubborn asa mule. He was then stripped naked,
and tied to a tree. The mosquitoes, with their long
daggers went at him, and in less than three hours he
was covered with blood. Writhing and trembling
from head to foot with exquisite torture he exclaimed,
4 Untie me, untie me, and I will tell where it is.”
“Tell first,” was the reply. So he told where it might
be found. Then some of the party with wisps kept
off the still hungry mosquitoes, while others went
where the culprit directed, and recovered the bag
of gold. He was then untied, washed with cold water,
and helped to his clothes, while he muttered, as if
talking to himself, “I couldn’t stand that anyhow !”1

Wherever we read, or hear, of mosquitoes or gnats
it 1s in proximity to water, rivers, swamps, or bogs.
Of all the products of fresh water these are about
the most numerous and annoying. It is related, in
Butler’s “ Lives of the Saints,” that Saint Macarius was
a confectioner of Alexandria, who spent many years
of his life in the desert, in penance and contempla-
tion. ‘ Happening one day inadvertently to kill a
gnat that was biting him in his cell, reflecting that he

1 Rev. Walter Colton’s ¢ Three Years in California,” p. 250.
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had lost the opportunity of suffering that mortification,
he hastened from the cell for the marshes of Scete,
which abounds with great flies, whose stings pierce
even wild boars. There he continued six months,
exposed to those ravaging insects; and to such a
degree was his whole body disfigured by them with
sores and swellings, that when he returned he was
only known by his voice.”!

By far the most interesting feature associated with
mosquitoes, is one which was very recently illustrated
by Dr. Spencer Cobbold. There are several forms of
disease, such as elephantiasis, leprosy, &c., which are
fearful in their nature, and unfortunately prevalent in
hot climates. In these diseases the blood of the
human subject swarms with minute parasitic bodies,
which, however, never reach the perfect, or fully
mature condition, in that state. It has long been
subject of research to discover the perfect form, and
these researches have at length been successful. As
the result of experiment it has been shown that these
bodies are periodic in the blood. They conceal
themselves in the neighbouring tissues during the
day, and do not appear in the blood until five or six
o’clock in the evening, and from that time centinue
to increase in number for some hours, and then again
diminish as midnight is approached. At this evening
time the mosquitoes are most ferocious, and sucking
the blood of the infected man, draw from him large
numbers of the parasites. Whatever may be the cause,
they have been shown to suck from the body a much
larger percentage of parasites than would exude at the

! Butler’s ** Lives of the Saints,” p. 50
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same hour from a mechanical puncture. We here
see a curious instance, very suggestive, of certain
parasites coming into the blood just at the hour when
the mosquitoes would be most active in removing
- them, and that they perform this operation most suc-
cessfully. Further than this, it has been demonstrated
that the parasites themselves attain their perfect
condition as soon as they are absorbed into the body
of the mosquito. It was at one time supposed that
the disease was distributed from individual to indi-
vidual through the intervention of the mosquito, but
this has been shown to be an inaccurate assumption.
The work which the mosquito performs is so far
beneficial, that it reduces the number present in the
blood of the diseased person, and that in their im-
perfect state, as found in the blood, the parasites
do not possess the power of increasing their species.

The question naturally arises, what becomes of the
perfect forms? What is the rest of their life history ?
It seems to be this. The female mosquito, for it is
only the female that is a blood-sucker, gorged with
blood containing perfect forms, hastens to stagnant
water, or quiet water, especially margins of large
rivers, and there in accordance with her natural in-
stinct, deposits her eggs, and almost immediately
dies. Her body falling in the water soon decays,
and within that body the living germs of the progeny
of parasites, the result of the perfected forms, become
diffused through the water. -Natives drink of this
water, and with it the germs, or young parasites.
These parasites, entering the human stomach, soon
find their way into the blood, to be in turn sucked
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out by other mosquitoes, and thus the cycle is
completed.

Although these minute aquatic larve are not in- |
habitants of the water in these more favoured lands,
yet this narrative will not be without its interest and
its lesson. It is well known that in many cases the
larval condition of parasitic worms is passed, or
partially so, in water. From this fact we may gather
the salutary conclusion worthy of remembrance, that
drinking unfiltered water without boiling, from ex-
posed places, even from rivers, is an act worthy of
strong condemnation.

Clouds of minute insects, smaller than gnats,
equally delicate, and still more rapidly passing away,
-are to be seen hovering in the air in damp marshy
districts. These are the Ephemeridee, or day-flies, to
whom the name of Ephemeral! has been given, on
account of the short duration of their lives. Some
of them, in their mature condition, never see the sun.
They undergo the final change into the winged stage
after the sun has set, and die before it reappears on
the horizon. 4

It has been stated that on the banks of some of
the rivers 1in France these flies appear in such num-
bers that the fishermen on those waters have a
current belief that they are showered down from
heaven, and accordingly call the living cloud, manna.
Reaumur, the distinguished naturalist, has stated that
he once saw them descend so fast, that the step on
which he stood by the river’s bank was covered by

- ey
o

' The antenne in our figure are exaggerated.
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their watery element and disport themselves in the
air. Eleven months of the life of a dragon-fly are
spent in the water, and only one on wings, making
up the natural term of its existence. These larve
are very active, being provided with six legs, which
they employ to the best advantage. The Ilarge
head 1s ornamented with enormous eyes, which
serve to impart a terrific appearance, and its ever-
hungry jaws are concealed by
a mask. “Not only does the
immature Dragon-fly walk over
the bottom of the pool or
stream 1t inhabits, but it can
also leap for a considerable
distance by a most curious
contrivance. By a syringe-like
apparatus lodged in the end of
its body, it discharges a stream
of water for a distance of two
or three inches behind it, thus
LARVA OF DRAGON-FLY. propelling the insect forwards.

This apparatus combines the
functions of locomotion and respiration. There are, as
usual, two breathing pores on each side of the thorax;
but the process of breathing seems to be mostly
carried on in the tail.” From the larva this insect
passes into the pupa stage, also in the water. It is
still active, and as voracious as ever. “ When the
insect is about to assume the pupa state, it moults its
skin—the body having outgrown the larva-skin; by a
strong muscular effort a rent opens along the back of
the thorax, and the insect, having fastened its claws

j
i
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into some object at the bottom of the pool, the pupa
gradually works its way out of the larva-skin. It is

HAUNT OF THE DRAGON-FLY.

now considerably larger than before. Immediately
after this operation its body is soft, but the crust soon
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hardens.” At length, when the time for its final change
arrives, the pupa climbs up some plant near the sur-
face of the water. Slowly and gradually as its prison-
case splits open, the winged insect escapes, and after
resting awhile to dry and harden its flabby wings, it
starts on its last career of insecticide—
“ To-day I saw the dragon-fly,

Come from the wells where he did lie.

An inner impulse rent the veil

Of his old husk : from head to tail

Came out clear plates of sapphire mail.

He dried his wings ; like gauze they grew ;

Through crofts and pastures wet with dew

A living flash of light he flew.”

Any one who observes the rapid flight of the
dragon-fly, and indeed the majority of insects, must
be impressed at once with the enormous rate of
speed In proportion to size which they attain.
Leeuwenhoek narrates an instance, in which he was
an eye-witness of the capabilities of the dragon-fly
and the swallow in rapidity of flight. The bird and
the insect were both confined in a menagerie about
100 feet Jong, and apparently their powers were
fairly tested. "The swallow was in full pursuit, but
the little insect flew with such astonishing velocity
that even this bird of rapid flight and ready evolu-
tion was unable to overtake and entrap it; the insect
eluding every attempt, and being generally six feet
before it. ‘ Indeed,” write Kirby and Spence,
“gsuch is the power of the long wings by which the
dragon-flies are distinguished, and such the force of
the muscles which move them, that they seem never
to be wearied with flying. I have observed one of
them sailing for hours over a piece of water, some-
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mous powers of flight, from which escape would be
hopeless, what could possibly resist the ravages of
such destroyers, or how could the world support
their ravages? But, fortunately, each creature is or-
ganised and accoutred for the position it is intended
to occupy, and harmonized with its surroundings, so
that a limit is fixed to its capacity for mischief.
We may indulge in comparisons like these, in order
to appreciate the wonderful powers of which they
are the possessors, but, at the same time, such specu-
lations can only serve to strengthen the impression
of the unity and harmony of a world controlled by
a supreme and all-wise Intelligence.

It cannot be supposed that any one who wanders
by the margins of streams, lakes, or ponds, will pursue
such an avocation long without becoming cognisant
of certain cylindrical cases, fabricated of all kinds of

CADDIS CASES.

trifles, agglutinated together into a habitation for what
are called “Caddis-worms.” These cases are most
interesting examples of insect homes, as wonderful
and instructive as birds’ nests, and as variable in
appearance. Caddis-flies are little, unobtrusive insects,
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with four membranous wings, and little that is attrac-
tive about them. We have many species, and all,
with one or two exceptions, have aquatic larve, and
these latter construct for their residence the tubes
called caddis-cases. One common form consists of
a cylindrical tube, of equal diameter throughout,
formed of fragments of leaves, and other vegetable
substances, neatly arranged in a spiral manner,
with the spiral turned from left to right, or from
right to left.!
The inhabitants
of these cases
have the power
of turning themselves, so that their heads may be
thrust out at either end. Other cases are fabri-
cated of shells, seeds, pieces of wood,
and rushes arranged in various order,
so as to give great variety to their
general appearance, more or less
beautiful, according to the materials
available to the little architect. Some-
times such materials have been arti-
ficially supplied in order to test the
building instincts of the little larve,
and the result has been the con-
struction of most ornamental cases.
A tolerably common case is made |
from pieces of moss, cut into con- CADDIS CASEs.
venient lengths,® but an equally abundant form of case
is that in which the insect by no means confines itself
to vegetable fragments, but uses all such objects

\ Phryganca grandis and other species,
2 Limnephilus rhombicus.
Q
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as places of resort for the insects. These eggs formed
a favourite food of the Indians long before the
conquest, and when made into cakes resemble the
roe of fish (caviare) having a similar taste and
appearance. After the use of frogs in France and
birds’ nests in China, I think these eggs may be con-
sidered a delicacy, and I found that they are not
rejected from the tables of the fashionable inhabitants
of the capital.” The eggs of three kinds of insects
have been identified as forming this delicacy, two of
which are species of Corixa, of which we just stated
that eighteen kinds are inhabitants of Britain, and
the other insect 1s a kind of Nofonecta.

Thus rapidly have we executed our pond-hunting
excursions, and at its close find the subject not only
unexhausted, but even with more unwritten than we
could have wished, and only the slightest glimpse
afforded of the multitudinous life of still waters. Roam-
ing over such a wide field as the whole of the vegetable
and animal life of fresh waters it could hardly be an-
ticipated that these little books could be rendered suffi-
ciently rich in detail to serve as text-books ; all they
can claim for themselves is to serve as introductions
to studies for which text-books will be as essential as
ever. One cannot contemplate an open page of the
book of Nature, like the present—one, perhaps, but
little scanned, seldom read, or pondered over—without
being deeply impressed with the prodigality with which
the wonders of an all-powerful and all-wise Creator are
scattered to the furthest limit of a wonderful world.
The same order, the same fitness, the same complete-
ness which characterises all the visible universe, is
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a spreading lip, by means of an elastic band, to the
end of a walking-stick ; since that time a brass ring has
been devised which fits round the neck of the bottle
like a collar, and may then be screwed into the end of
the stick. This plan secures greater firmness, and is
to be preferred. When a dip with the bottle has been
made, it may be held up to the light to see what it
contains, and probably some objects will be so minute
that the naked eye will be insufficient to give satisfac-
tion. In that case a pocket-lens, of an inch focus, or
a combination of two or three lenses, will be essential.
No one should dream of going out on an excursion in
search of objects of natural history without a pocket-
lens and a pocket-knife. Without these essentials he
had better stay at home, for only vexation and disap-
pointment will be in store for him.

Taking for granted that the bottle contains a good
dip, some of the water may be poured off carefully,
and the residue transferred to another boitle, corked
and pocketed, and another dip taken. If plants or
animals of a visible size are the objects of search, a
piece of muslin or linen ia the pocket will not occupy
much room, and be used as a strainer, and less water
will have to be carried away. For minute objects
some will prefer a small japanned case fitted with
corked tubes, six or eight, and not too large for
the breast pocket. Beyond these hints experience
will be the best guide, and necessity will become
the mother of invention. }

Arrived home again with the results of the day’s
excursion, the bottles must be all uncorked to allow
of access to the air, then the contents may be trans-
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brought into contact with her; that he should have
his thoughts sometimes turned from the pages of
books to those of creation, from the teachings of man
to those of God.” And again, the same author
writes, —* A single rural, or even suburban walk, will
afford stores of pleasurable occupation for weeks in
the examination of its collected treasures. A large
glass jar may be easily made to teem with life, in
almost as many and varied forms as could be found
by the unaided eye in long and toilsome voyages
over the wide ocean ; and a never-ending source of
amusement 1s afforded by the observation of their
growth, their changes, their movements, their habits.
The school-boy thus trained looks forward to the
holiday which shall enable him to search afresh in
some favourite pool, or to explore the wonders of
some stagnant basin, with as much zest as the
keenest sportsman longs for a day’s shooting on the
moors, or a day’s fishing in the best trout-stream ; and
with this great advantage over him; that his excursion
is only the beginning of a fresh stock of enjoyment,
instead of being in itself the whole.”!

As an 1llustration of these remarks we may detail
a small item of experience. One Saturday afternoon
in February, the weather being still cold, and rather
uninviting, we spent a single hour on Hampstead
Heath in filling two or three small bottles from the
standing pools in the lower parts of the heath. There
was not much to excite attention, a little green
thready scum on some of the pools, and some float-

! Carpenter, *‘On the Microscope,” p. 28.
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end of long retractile stems, jerked up and down,
catching their prey. Amongst the #édri&s at the
bottom of the glass we found also another bell-
animalcule, attached to old Conferva, the bells
much smaller, and the mouth less expanded.!
Crawling amongst the débris were numerous water-
bears, large and small, and these furnished amuse-
ment for an entire evening with the microscope. We
had sometimes four specimens at the same time upon
the slide, creeping about and exhibiting their claws
in vain attempts to hold upon the slippery glass.
Mixed with the same material, on subsequent occa-
sions, no less than three kinds of Rotifers or wheel-
bearers were found ; the large common rotifer, and
two free-swimming smaller active species. It was
amusing to see the large rotifer creeping about after
the mode of those caterpillars which are termed
loopers. Stretching out and holding on by the pro-
boscis, then drawing up the foot nearly to the head,
fixing it, and then advancing the proboscis as before,
and thus migrating from place to place. Nearly
every examination from this store afforded some new
object. The tumbler of pond-life seemed to be inex-
haustible.~ There were Diatoms, and one solitary
species of Desmid, green Algz, both unicellular and
filamentous ; Infusoria of various kinds, from the
large Stentor down to the minute ¢ Ptyxidium.” Some
were undergoing division, and what was previously
only one individual was gradually becoming two.
Even lower still in the grade of existence were two

V Vorticella microstoma.
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cule, in which there is a very strong rotary current,
in comparison to the size of the animal, this method
will greatly enhance the beauty and interest of the
object. Itis a kind of temporary staining for which,
by-the-by, the aniline colours are not available, as
they are too diffusive, and, moreover, soon kill the
animals.

The activity of some of the animals i1s a great
obstacle to their close examination. It has been
recommended to thicken the fluid by means of some
such an addition as gum-water, so as to limit this
motion, but we fear this would not be a very successful
method. There 1s an article of apparatus which ac-
companies the microscope, called a compressorium,
which is of more practical use. It is a kind of box
in which the object is compressed between two plates
of glass, and in the most improved form of compres-
sorium the amount of compression may be regulated
in a definite manner, so as to avoid the catastrophe
of compressing to the point of rupture. It will hardly
be possible to examine such erratic objects as water-
fleas and cyclops without some such method is re-
sorted to. With an active cyclops twisting up and
down, and jerking in all directions, it would be im-
possible to count the joints in the antennz, until by
some means an effectual check is put upon its skipping
propensity. It is quite possible to dissolve out the
contents of these creatures when dead, and thus
secure good permanent preparations.

Finally, what method is best to be adopted for
obtaining the largest amount of instruction as well
as of satisfactory recreation from the study of pond










































