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PREFACE.

Tus Author’s object in preparing the present work has been to furnish the student with
a clear and intelligible arrangement of the Animal Kingdom, accompanied, as far as space
would permit, by an account of the most interesting particulars of the structure and
habits of animals. Considering the class of readers for whose perusal these pages are
intended, he has thought it better to follow as closely as possible those views of classifi-
cation which are now generally adopted, without, however, pretending that the arrange-
ment can be regarded as permanent ; indeed, the progress of science already threatens
to produce several important modifications in the primary classification of the lower
animals, some of which will be found referred to in different parts of this work.

The Author has adopted the plan of commencing with the lowest forms of animal
life, and working upwards through the long series of existence to the highest. The
advantage of this plan is, that we commence with the study of the simplest organisms,
and, advancing gradually from these to the more complex, do away with the necessity
for a long chapter of generalities at the opening of the book, a great part of which would
require repetition as we proceeded with our task,

Considerable prominence has been given to the Vertebrated division of animals, the
greater amount of individual character presented by these requiring that the habits of
the species should be dwelt upon at some length. In this division the illustrations of
the groups have been selected, as far as possible, from the British Fauna, and exotic
species have been referred to principally when native examples were wanting.

In conclusion, the Author must record a few of the principal works to which he has
been indebted in carrying out his object. In the first rank of these he must place the
excellent ** Zoologische Briefe’ of Profcssor Vogt, which has served him as a guide
through several departments of the subject. Amongst the Invertebrated animals he has
derived great assistance from the works of Dr. Johnston upon the ¢ British Sponges and
Zoophytes;” from that of Professor Forbes upon the * British Naked-eyed Meduse;” from
Professor Milne Edwards’ great work on Crustacea; and Mr. Westwood’s ¢ Introduction
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to the Classification of Insects;” as also from some of Dr. Gray’s papers on the Mollusca.
The principal works on which the classification of the Vertebrata is founded, are Professor
Miilles admirable paper on the Ganoid Fishes in the Transactions of the Berlin
Academy of Sciences ; Dr. Gray’s Catalogues of the Reptiles in the British Museum ; Mr.
G. R. Gray’s excellent work on the “ Geuera of Birds;” and Professor Wagner’s con-
tinuation of Schreber’s ¢ Natural History of the Mammalia.” Besides these the excellent
works of Mr. Yarrell on “British Fishes and Birds ;” of Mr. Macgillivray on ¢ British
Birds;” and of Professor Bell on * British Reptiles and Quadrupeds,” have been of the
greatest service in working up the Natural History of the Vertebrata.

It may be as well, in order to avoid the possibility of misleading the public, to
add, that this Work, now presented in its complete form, is a portion of the Sccond
and Third Volumes of Organic Nature in the CIRCLE oF TH® Screxces; so that those
who possess that Work are already in possession of this Yolume,

March, 1856,
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NATURAL HISTORY OF ANIMALS

——

In whatever direction we turn our eyes, we everywhere meet the varied forms of
animal life. Earth, air, water, are all alike occupied by multitudes of living creatures,
each fitted eepecially for the habitation assigned to it by nature. Every wood or
meadow—nay, every tree or shrub, or tuft of grass,—has its inhabitants; even beneath
the surface of the ground numbers of animals may be found fulfilling the purposes for
which their species were called into existence. Myriads of birds dash through the air,
supported on their feathered pinions, or solicit our attention by the charming song
which they pour forth from their resting places; whilst swarms of insects, with still
lighter wings, dispute with them the empire of the air. The waters, whether salt or
fresh, are also filled with living organisms; fishes of many forms and varied colours,
and creatures of still more strange appearance, swim silently through their depths, and
their shores are covered with a prefusion of polypes, sponges, starfishes, and other
animals.

To whatever elevation we attain on the mountain sides, to whatever depth in the
ocean we may sink the lead, everywhere shall we find traces of animal existence,
everywhere find ourselves surrounded by living creatures, in a profusion and variety
which may well excite our wonder and admiration.

Nor are these phenomena confined to any one regirm of the earth ; on the contrary,
the diversity of climate only adds to the variety of objects which the zoologist is called
upon to contemplate. Thus the bold voyager of the inclement regions of the north, in
losing sight of those productions of nature which met his eyes at home, finds, s it
were, & new creation in his new abode—seals, by the hundred, basking in the scanty
rays of the Arctic sun, or diving into the deep waters in search of their finny prey—the
whale, rolling his vast bulk in the waves, and ever and anon driving high into the air
his curious fountain—water, be it remembered, strained from the myriads of small ani~
mals which constituts the food of the leviathan. The air is peopled by innumerable
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flights of marine birds ; the sea by still more countless swarms of fishes; and the land
affords a habitation to the elk and the reindeer, the arctic fox, and other creatures
peculiar to those regions.

If we turn our regards southwards, to the tropical regions of the earth, the abun-
dance and variety of animated beings increases more and more. Here the colossal
elephant, and the equally unwieldy rhinoceros, crash through primeval forests; the
lion and the tiger, and other predatory beasts, prowl through the thickets, secking
for their prey ; on vast plains, countless herds of antelopes browse in fancied security,
or dash swiftly away at the approach of danger; gigantic snakes lie coiled in horrid
folds amongst the bushes, or hanging from the trees await their victims. The air and
trees swarm with birds of gorgeous plumage, and inscets of strange forms and brilliant
colours. Nor are the waters less bountifully provided with inhabitants: every form
with which we are acquainted in our own seas is here represented, but with still
greater profusion and variety.

At night the occan sparkles with a brilliancy which rivals the splendour even of a
tropical sky ; and this phenomenon, which may be witnessed, although in an inferior
degree, in more temperate climes, is due to the presence of vast multitudes of minute
phosphorescent animals, whose very existence would frequently remain unknown but
for their powers of illuminating the waves by night.

And when we have exhausted the study of external nature, there is yet another
world to which we may turn. Within our bodies, and those of cvery species of animal
from the highest to uearly the very lowest, exist various forms of parasites, preying upon
our substance or our food: creatures whose very existence and development are a
mystery—a mystery, however, which, as far as it has yet been unravelled, serves to
raise our expectations as to what remains behind.

ON ZOOLOGICAL CLASSIFICATION,

‘When we consider the immense number of animals existing on the face of the earth,
of which we have endeavoured, in the preceding section, to give some slight idca, we are
soon convinced that an attempt to obtain a knowledge of each of them individually,
and without any acquaintance with their mutual relationships, would be a perfectly
hopeless task. We are, in fact, compelled to call in the aid of some system of classifi-
cation, which, by bringing together those animals which most resemble each other, and
characterizing them by some common point of structure, may enable us to form a sort
of general idea of the whole, and to remember more readily the peculiarities of each.
Some such classification, rough and imperfect it may be, is, indeed, formed by every
observant mind; and its terms find a place in ordinary language. Beasts, birds, and
fishes, reptiles, and insects, are words familiar to every one, and convey to the minds of
those to whom they are addressed a more or less definite idea, according to the precom-
ceived notions of the hearer.

Scientific zoological classification is, in point of fact, to a certain extent, coincident
with this popular classification. The latter being the result of obscrvation, the only
foundation of natural history, must necessarily be more or less correct, according to the
extent to which the different kinds of animals bring themselves under the notice of
mankind ; thus we find that tolerably clear notions exist as to the diffecrences between
a beast. a bird, and a fish,—these being creatures that pass constantly under our eyes ;
although, even with respect to these groups, we find some crroncous id-as to prevail.
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But with respect to insects, and other lower animals with which mankind at large
are not familiar, the classification of ordinary language is by no means so precise; 50
that whilst, in the former cases, zoology can adopt the popular groups merely by sub-
mitting them to & few modifications, in the latter, science is compelled to invent &
system of her own.

This scientific classification is not, however, a mere arbitrary arrangement, like that
of the words in a dictionary, with the sole object of enabling us to find out all that is
known of a given animal in the shortest possible period of time,—it has another and a
higher purpose in view, that of showing the mutual relations of the various members
of the animal kingdom, and tracing, in a manner, the steps taken by the Creator in the
modification of the same type to suit the various conditions in which His creatures
were to be placed.

The knowledge of species constitutes the foundation of all zoological knowledge,—
without which we can never arrive at sound generalisations. The spectes, which forms
the first step in classification, consists of an assemblage of individual animals which are
supposed all to have descended from the same parents, and exhibit the closest possible
rescmblance in all parts of their structure. This definition, if definition it may be
called, must not, however, be taken in the strictest sense which might be applied to
the vords for in many cases we find that individuals undoubtedly belonging to the
same vary iderably amongst themselves, principally in colour and sige.
Vanatwn is generally to be observed, however, in animals under the influence of
domestication, the individuals of most species of wild animals resembling each other
0 closely that it would be difficult to overlook their specific identity.

A test for the specific identity of animals, upon which much stress has been laid, is
founded upon the supposed fact, that when two animals of different species breed toge-
ther their offspring is always barren. This test is evidently applicable only when we
can observe the animals alive ; whilst, even under the most favourable circumstances,
such obscrvations would be very inconclusive, as hybrids, between undoubtedly dis-
tinct species, have been frequently known to breed.

We generally find that several species exhibit a considerable amount of resemblance
one to another, agreeing perhaps in most points of importance, but differing in characters
of minor value, such as colour, texture. and so forth. Such groups of species constitute
the second upward step in classification—they are called genera. Thus the horse, the
ass, and the zebra, although they may readily be distinguished from each other as
specics, presenta very close resemblance in their general structure, and form a genus; the
cat, the lion, the tiger, and the leopard are in the same case; as are also the dog, the
wolf, the fox, and the jackal,—the animals may readily be distinguished as species,
whilst the structure of their organs presents many common characters.

The arrang t of the species of animals in geners, gives rise to the modern system
of zoological nomenclature. This system is called the dinomial system, from the circum-
stance that, according to this method, every animal reccives two names ; one belonging to
itself exclusively, the other in common with all the other species of the genus in which
it is included.  For example, the genus Felis, or cat, includes the lion, tiger, leopard,
and cat, as species; they all accordingly bear the generic name Felis, with the addition
of a second name specially applied to each, serving to distinguish it from all other
species of the genus ; thus the lion is called Felis Leo, the tiger Felis Tigris, the leopard
Felis Leopardus, and the cat Felis Cattus. This method of nomenclature has at least
this advantage over the plan of conferring only a single name upon each species that
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when we hear for the first time the name of a newly discovered animal, if we are at all
acquainted with the genus to which it belongs, the mere mention of the name puts us at
once in possession of a considerable amount of information as to its structure, form,
and habits. It was first adopted by the illustrious Linneus, the modern founder of
Natural History, in the tenth edition of his ¢ Systema Nature,” published in 1758,

Proceeding with our ascending scale of classification, we find that the genera in
their turn are united by some common characters of importance into families, and these
again into ¢ribes. The tribes combine to form orders; in some cases we meet with in-
tervening steps, uniting the tribes belonging to one order into two or three subordinate
groups. The orders in their turn group themselves into classes; and these lead us up to
certain primary divisions which, when put together, constitute the ANmMaL KiNepom.

But although this be the means by which zoologists have arrived at certain conclu-
sions as to classification, it is by no means necessary, nor indeed would it be convenient,
to follow the same course in communicating those conclusions to the world; for this
purpose we must commence at the opposite end of the scale—that is to say, with the
largest groups.

We find, therefore, that all animals are formed upon certain plans or primary types,
generally sufficiently distinct. But these primary types of animal structure present us
each with well-marked subordinate types, in which, whilst the cssential characters of the
primary division are preserved, the general structure of the body undergoes more or
lees modification. These subordinate types become meodified in their turn, so that we
at last obtain a series of groups, each characterized by some peculiarity of structure,
gradually diminishing in comprehensiveness from the animal kingdom to the species.
The characters of the primary divisions of tho animal kingdom we now proceed to in-
vestigate.

On the Primary Divisions of Animals.—At thelowest point of the animal
kingdom, approaching so closely to the lowest forms of plants as sometimes to leave us
almost in doubt to which of the great divisions of organized nature they should be
referred, we meet with a series of creatures in which the functions of organic life are
performed by its simplest element—tho coll. From this circumstance they have received
from naturalists the denomination of wnicellular animals, or PROTOZOA.

These animals, in fact, consist entirely of elementarynucleated cells (sce PrrysioLoey),
or of aggregations of such cells, in which each still retains to a certain extent an ex-
istence independent of its fellows, and generally posscsses the power, when separated
from its attachments, not only of continuing its own life, but even of producing another
compound structure similar to that from which it had been detached. These simple
creatures possess no digestive cavity; their food, when solid, being received into the sub-
stance of the body, and there gradually assimilated. The nervous and vascular systems
are equally deficient ; in fact, the nucleus, which is an essential portion of the elementary
cell, and one or more contractile vesicular spaces, are the only traces of internal organi-
gation observable in the clear gelatinous substance of which they are composed.

Reproduction is effected in gencral by the division of the substance of the animal ;
the phenomena of sexuality, which we shall meet with in all the higher animals, are
here never witnessed.

From these simple creatures we pass to a group of animals, the lowest members of
which exhibit but little, if any, advance in point of organization. They do not, it is
true, consist of isolated cells, or of aggregations of similar independent cells ; but in many
instances their bodies and organs are constructed entirely of a gelatinous ocellular
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Sexusal reproduction occurs in all the Radiata, and the sexes are generally on
separate individuals. Propagation is also very commonly effected in this sub-kingdom
by the formation of buds or gemmules ; and these either remain attached to the parent
stock, which thus goes on increasing continually in size, or become free, and lead an
independent existence.

In the two preceding divisions of the animal kingdom we find the body formed upon
two very different principles. In the first and lowest it may almost be said to be amor-
phous, The organs, such as they are, follow no particular arrangement ; and in many cases
it is impoesible even to fix their relative position. In the second, however, a certain
symmetry is observable; and this is the case also with the remaining groups, the charac-
ters of which we have yet to lay before the reader. But this symmetry is of a very
different kind; in the Radiata the parts of the body are all grouped round a common
axis, every organ being merely a repetition of its follows; whilst in those which must
now pass under consideration, the organs of the body are arranged more or less
distinctly in pairs on each side of the body, so as to produce what has been termed
by zoologists a bilateral symmetry. In none do we find this mode of construction so
completely exhibited as in the animals forming the third primary division of the animal
kingdom, to which we must now direct attention.

The most striking peculiarity of these animals, by which, in fact, they may generally
be distinguished
at the first glance
from all other crea-
tures, is, that their
] bodies and limbs

are composed more
Fig. 3.—Ceatipede. or less distinctly
of segments or rings. From this, which is their most prominent eharacter, they have
been denominated articulated or annulose animals. They constitute the division AR~
TICULATA.

The joints or segments of which their bodies are composed, are formed essentially
by a series of transverse folds in the integument of the animal. Tn many of the lower
forms the ekin still remains perfectly soft and flexible; but in by far the greater number
these folds become transformed into a series of horny or crustaceous rings (Fig. 3),
unifed to each other by a softer portion of the integument, so as to permit a greater or
less degree of flexibility. The limbs,
as well as the body, are constructed of
rings of various forms ; and these, taken
together may be regarded, to a certain
extent, as a sort of external skeleton, ful-
filling, as they do, most of the purposes
of the skeleton in man, and the animals
most related to him. Like this, it
gives support to all the soft parts of the
body, and furnishes points of attach-
ment to the muscles; which again, by
their action on the moveable pieces com-
posing it, give rise to the various move- Fig. 4.—Crab (Thelphusa).
ments of the creature. In many cases all the segments composing the body, with the ex-

r—
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ception perhaps of those at the two extremities, are exactly similar; each presenting the
same form and bearing the same organs as its neighbour. An instance of this may be
seen in the Centipede, already figured ; and it is still more strikingly exemplified in many
marine worms. Generally, however, the segments present marked differences of form
and comparative size, and in the structure of their appendages; this is very distinctly
observable in the insects and crabs (Figs. 3, 4).

Every segment is supposed to be capable of bearing two pairs of appendages or mem-
bers, one connected with the ventral, the other with the dorsal portion of the segment,
Both pairs of members do in fact occur upon all, or & portion of the segments in some of
these animals ; but in general the ventral members alone are developed, and these only
on certain segments. In the insects, in addition to three pairs of ventral members, or
legs, we find generally two pairs of dorsal appendages—the wings. Sometimes, as in
the earthworm and leech, the limbs are entirely deficient, or only represented by a few
bristles ; but, when present, their number is never less than six.

The nervous system of the Articulata generally exhibits the tendency to segmentary
repetition, characteristic of the group, very distinctly. In
its most characteristic form (Fig. 5), it consists of a dou-
ple nervous cord running down the middle of the ventral
portion of the body, and uniting a series of knots or gang-
lia which lie in its course ; these ganglia give rise to
nerves which are distributed to the various organs. The
more elongated the body, and the more similar the differ-
ent segments of which it is composed, the more regularly
do the ganglia follow one another; whilst, when the seg-
ments become more or less amalgamated, the individual
ganglia fuse in a corresponding degree into larger masses.
This ventral cord originates from one or more cephalic
ganglia of considerable size, situated in the head above
the cesophagus, which give off two filaments to join the

) . first ventral ganglion, and thus form a nervous ring sur-
Fig. 5.—Nervoussstemof  rounding the csophagus. From this the ventral cord takes
its rise.

In the lowest animals arranged in this division we have some diffieulty in referring

the nervous system to the articulate type; but when these animals present us with a
distinct nervous eystem it consists of one or two ganglia situated in the neigh-

bourhood of the msophagus, and giving off two thin branches which run down the
body.

The majority of the Articulata possess the senses in tolerable perfection. The eyes
in many cases present a highly complex structure, consisting of a great number of hex-
agonal facets, each of which may be regarded as a distinct eye ; this construction of the
eyes is especially prevalent in insects, and is peculiar to the annulose division. When
these eyes are wanting, and even when they are present, we frequently meet with
#imple eyes, which agree very closely in structure with the individual eyes, by the
aggregation of which the compound visual organs are formed. The senses of hearing,
taste, and smell, appear also to be possessed by a great many of these creatures; but
the organs by which these faculties are exercised can seldom be indicated with any
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degree of certainty. The sense of touch of course resides in the general integument ;
but special organs of touch are also frequently developed.

The mouth is nearly always furnished with several pairs of jaws, placed one behind
the other, some serving for the prehension and others for the mastication of food.
These jaws open laterally, so that the aperture of the mouth is verfical or in the
direction of the axis of the body.

Most of the Articniats have whitish or colourless blood, The only exceptions are to
be met with amongst the worms, some of which have red blood. In these, however,
the colour of the blood is inherent in the fluid portion, and not due to the presence of
red corpuscles (see Physiology). Their circulation is effested by means of a dorsal
vessel, which carries the blood from behind forwards ; it returns to the posterior portion
of the body, either through a proper vascular system, or by passing through interstices
left in the tissues of the body.

Sexual oviparous reproduction prevails throughout this division. The sexes are
generally separate, although in
some of the lower forms we meet
with complete hermaphrodism.

In the fourth great division
of animals the bilateral type of
structure is far from being so dis-
tinot as in the Articulata. It is,
however, still to be recognised in
the general arrangement of the
external organs, especially of those
surrounding the head.

These animals, of which the
anail may be taken as a familiar
example, are usually inclosed in &
tough skin, to the inner surface
of which the muscles are attached,
aund by its contraction and dilata-
tion the movements of the animal
are effected. With the exception
of the cuttle fishes, in which a sort
of cartilaginous support is present,
none of these creatures possess
anything which can be regarded
as analogous to s skeleton; the
body forms s soft mass, frequently
varying greatly in form at the
will of the creature. These pecu-
Yiarities have led zoologists to give
them the name of molluscous, or
soft-bodied animals; they consti-

Fig. 6.—Nervous system of a Sepia. tute the division MoLLUBCA.

Tn most of these animals the nervous system consists of a number of knots or gang-
lia, scattered more or less irregularly through the body, united with each other by
nervous filaments, and giving off finer filaments, the true ncrves, to the various organs,
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In the more highly organized Mollusca three or four of these ganglia are collected in
the head, forming a cephalic mass, which represents a brain (Fig. 6); but even in its
most condensed form the separate cephalic ganglia may still be recognized, forming a
sort of ring through which the esophagus passes.

Some of the lower forms arranged with the molluscous animals by modern zoolo-
gists, possess only a single ganglion, from which filaments are given off in all directions;
and between this and the highly complicated structure represented in Ffg. 6, we meet
with every conceivable gradation.

As might be expected from the great differences displayed by the members of this
great division of the animal kingdom, in regard to the degree of development of the
nervous system, the senses are possessed by them in very various degrees of perfection.
In some of the lowest forms the universal sense of touch appears to be the only one
present ; but as we ascend in the scale we meet with creaturvs more highly endowed
in this respect. Tentacles, or special organs of touch, frequently occur, generally in
the neighbourhood of the head ; organs of sight, hearing, smell, and taste, make their
appearance, until in the highest forms of molluscous animals we find the organs
of the senses as highly developed as in many of those belonging to the highest
division.

The skin of these animals generally lies loesely about the body, so as to form a sort
of cloak or mantle. The mantle
frequently poasesses the power of
secreting a hard substance, well
known as the skell, which serves
for the protection of the creature
(Fig. 7). It increases with the
growth of the animal, and varies
in form according to the species
which inhabits it.

The intestinal canal is very
variable in its structare,butalways
presents two openings—a mouth
and an anus; the liver frequently Fig. 7.—Pond Snail (Lymaaa).
attains a very great degree of development.

The circulatory system is generally very highly organized; a heart, often divided
into several compartments, with arteries and veins penetrating all parts of the body,
existing in nearly all the Mollusca. The blood is colourless, or nearly so.

The Mollusca are oviparous animals ; the male and femalo organs are frequently in
separate individuals, although many species are hermaphrodite.

In tke fifth and highest division of the animal kingdom we meet with a series of
organs to which nothing similar occurs in the groups which have already passed under
review.

All these animals possess a nervous system, consisting essentially of a brain, inclosed
within a bony case, the skull, beneath which the csophagus passes, and a single cord
of nervous matter, originating from the lower part of the brain, passing through a large
hole in the base of the skull, and running down through a bony canal, formed by the
vertebral column, of which the skull is, in fact, only the anterior portion. As this set
of organs, the brain and the spinal cord, the skull and the vertebral column, whilst
posscased by no other animals, is constantly present in these, its existence will always
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serve to distinguish them from the rest of the animal kingdom. They are accordingly
called vertebrate amimals, and the division which they form, VERTEBRATA.

Fig. '&—shloton of the Dugong.

These, however, are not the only characters possessed in common by vertebrate
animals. The vertebral column forms only a portion of an internal bony framework
or skeleton, which serves for the support of the soft portions of the body ; and by fur-
nishing the necessary points of attachment for the muscles, assists in effecting the
movements of the animal. This framework generally consists of the vertebral coliumn,
including the skull; the jaws, which are regarded as appendages of the vertebrw,
of which the skull is considered to be composed; the ribs, a serics of bony arches,
articulated at one extremity with the bones of the vertebral column, and at the other
either attached to a central bony piece, the sternum, or lying perfectly free in the tissues
of the body ; and the X4mbs, which are never more than four in number. The jaws in
these animals always separate in a vertical dircction, so that the opening of the mouth
is transverse. They all have red blood, and a muscular heart. Their reproduction is
sexual, and the sexes are never united in the same individual.

The animals constructed upon this type are the most highly organized of living
beings. In no others is the mervous matter, the seat of sensation, intelligence, and
volition, presented in so concentrated a form—in none are the senses so perfect, or the
various functions of the animal cconomy so completely isolated.

‘We thus sec that animals are constructed upon five primary types or plans, of which
all the varied forms presented by these creatures are but modifications, as though the
Creator in designing the animal world had imposed upon himself, in the beginning,
certain fixed rules, from which he would not swerve.

In this manner we get five groups, each of which leads us a step higher than the
others ; although it is by no means to be supposed that we have here that gradually
ascending chain of beings so much talked of, in which every species, from the lowest
to the highest, is supposed to form a link. It is merely in their most highly organized
members that the mutual superiority or inferiority of these divisions can be recognized ;
and, as a general rule, it may be said, at all events for the Radiata. Articulata. and
Mollusca, that the highest members of cach group are considerably more perfectly
organized than the lower members of the others. The Protozoa and Vertebrata appear
to be exceptions to this rule; for the most highly organized of the former can scarcely
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be regarded as superior even to the lowest forms of the other divisions; whilst the
fishes, which constitute the lowest members of the vertebrate division, still appear to
be more highly organized than the highest Mollusca.
These five divisions may therefore stand as follow :—
V. VERTEBRATA.
IV. Moxvrusca. 1F, ARTICULATA. IL BRabrara.
1. Protozoa.

Divisios I.—Prorozoa.

@General Characters.—This first division of the animal kingdom includes a
number of creatures of a very low type of arganization, which appear almost to occupy
a sort of neutral ground between animals and vegetables.

The bodies of these animals consist either of a simple elementary cell, with its con-
tents, or of an aggregation of several of these cells; each, however, still appearing to
retain its independent existence. They are generally of very minute size, and only to
be observed with the microscope.

It is in vain to seek in these creatures for any internal organs. They are enttre]y
destitute of nervous and vascular systems ;. and the highest form of alimentary apparatus
which is to be found in them consists only of a mouth and a short cesophagus. In
many of them, however, no trace of any alimentary canal is to be discerned,, and these
either live by imbibing fluids through their outer surface, or by the amalgamation of
solid substances with the gelatinous mass of which they are composed.. This gelatinous
matter, which has been. termed sarcods by M. Dujardin, frequently has vacant spaces
like small bladders in various parts of its substance: these appgar and disappear
according to circumstances or the will of the animal. They have, nevertheless, been.
mistaken by Ehrenberg and other observers for so many stomachs, although no one has
ever attempted, to prove the existence of an intestinal canal uniting them.

Almost all these creatures live in water : a few only inhabit the intestines of other
animals. They generally present the appearance of a transparent gelatinous cell, in
the midst of which a more ot less distinct nucleus is to be observed. In addition
to this nucleus, ore or more clear pulsating spaces may be distinguished in the
interior of the cells. These appear in some degree to effect a sort of circulation of the
soft subsetance of the body, and may, therefore, be regarded as the first shadowing forth
of a circulatory system. Many of them approach very closely in their structure
to the germs given off by some of the lowest forms of aquatic plants, which,
singularly enongh, possess quite sufficient locomotive power to enable them to pass for
animals when the observer is unable to trace their development ; indeed, many of them
have been described as belonging to the present group. It is very probable, in fact,
that a great number of the creatures, still: included in this division by naturalists, will
prove, on farther investigation, to be vegetable organisms.

The reproduction of these animals is generally effected by the division:of the sub~
stance of the creature itself. In some instances-two of them combine to form a single
cel, which afterwards splits up to allow the escape of a number of young cells. The

division always commences in the nucleus sbove-mentioned.

Some Protozoa are also propagated by the division of their substance im a different:
mamer., A small bud shoots out from some- portion of the body, whichs gradually-
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becomes developed until it resembles its parent, when it is usually cast off to shift for
itself.

Many of these animals, simple as they may appear, have yet the faculty of pro-
ducing a shelly covering for the support and protection of their gelatinous bodies ; and
these are not without their importance in the geological history of our planet. The
chalk hills, whose cliffs are so characteristic of the south-eastern coast of this country,
consist almost entirely of the shelly coats of innumerable multitudes of these minute
creatures,

The sponges, perhaps the lowest forms in which animal existence is presented to
our observation, are to be placed in this division, as they are also found to consist
essentially of an aggregation of nucleated cells. Tt has often been considered doubtful
whether these creatures are really animal organisms, as in many points, and especially
in their mode of propagation, they very closely resemble the lowest forms of plants.
Their true nature has long been a moot-point with naturalists; and by some zoo-
logists they are altogether rejected from the animal kingdom, although the most
recent researches, and especially those of M. Laurent, and of Mr. Carter, appear to
establish their animal nature beyond a doubt.

Division.—The Protozoa are divided into three classes. In the first, to which
the name of Rarzoropa has been given, the body is composed entirely of the gelati-
nous matter above mentioned. The surface is not furnished with cilia, motion being
effected by the extension of portions of the substance into filaments or processes of
various forms. These creatures are cither solitary or aggregated. In the latter case
the compound animal is inclosed in a chambered shell, each individual cell-body occu-
pying its own chamber.

The second class, including the sponges, consists entirely of associated cell animals ;
the individual cells resembling those of the preceding class in their power of extending
the substance of their bodies in all directions; but in this class they are united by a
mucilaginous intercellular substance, and supported upon a horny framework. From
the masses formed by these creatures being perforated in every part with minute orifices,
they have reccived the denomination of PoRIFERA.

The animals constituting the third class of the Protozoa have been called INFUsORIA,
from the circumstance that they were originally discovered in infusions of vegetable
matter etposed to the air for a short time. They are generally solitary unicellular
animals, and differ from the Rhizopoda in having the outer surface of the body of a
somewhat firmer consistence than the rest of their substance. They are usually fur-
nished with & mouth, and their movements are effected by means of cilia, or of one or
more long filiform appendages attached to one extremity of the body.

Crass 1.—Rurzoropa,

In the deposit formed at the bottom of fresh-water ponds, we may often meet with
a singular minute gelatinous body, which constantly changes its form even under our
eyes, and moves about in its native element by means of finger-like processes, which it
appears to have the power of shooting out from any part of its substance. This shape-
less gelatinous mass is an animal, the dmazba diflucns (Fig. 9), well known to micro-
scopic observers under the name of the Proteus, from the continual changes of shape
which it presents to our notice. It consists entirely of the granular gelatinous matter
already mentioned as sarcode, and appears to be nearly homogeneousin its texture ; that
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is to ey, the outer surface exhibits no signs of being bounded by any distinct mem-
brane or layer of a firmer consistence than the rest
of the body.

With the exveption of the pulsating clear
space, which has already been referred to as appa-
rently constituting the first traces of & circu-
latory system, and the nuclens, which, as we
bave seen, is 5o essential a portion of the Pro-
toscan animal, no indications of any internal
organization are to be recognised in this creature ;
for it posseases neither mouth nor intestinal canal.
It is not to be supposed, however, that the animal
keeps & perpetual fast, or that its food is entirely
of a fluid nature. On the contrary, it appears to
be, in its small way, of an exceedingly voracious
disposition, seizing upon any minute aquatic ani-
mals or plants that may come in its way, and ap-
propriating them to the nutrition of its own gelatinous person. The mode in which this
tender and apparently helpless creature effects this object is very remarkable. The gela-
tinous matter of which it is composed is capable, as we have seen, of extension in every
direction ; accordingly, when the Amaba meets with anything that it regards as suitable
for its support, the substance of the creature, a8 it were, grows round the object until
this is completely inclosed within the body, when it is gradually dissolved. The sub-
stances swallowed, if such a term be admissible, by this hungry mass of jelly, are often
%0 large, that the creature itself only seems to form a sort of gelatinous coaf, inclosing
its prey; n.nimtanceofthisinshownatdintheaboveﬁgure.

This curious animal presents us with the essential characters of the class Rhizopoda
i in their simplest form. All the other members of the class resemble it in the texture
of the body, and in the mode by which progression and nutrition are effected, however
they may differ in other respects. In many cases, indeed in the majority, the creatures
are inclosed in a shell or shield, from which the filamentous processes above described
s the means by which motion is effected, are protruded through onme or more holes
pierced in the shell for this purpose. These processes themselves vary very considerably
in form, being sometimes thick and finger-like, as in the Amada; in other instances
thinner, variously branched, and often most intricately anastomosed.

The Rhisopoda are all aquatic animals, Some live in fresh water, but by far the
greater number inhabit the sea. Although a few of them, like the Amamba, are solitary,
the class consists principally of associated animals; that is to say, of masses of indi-
viduals, forming, as it were, & common body, but each still retaining its independent
existence.

This difference of habit affords us the means of dividing this class into two orders.
The first, the Monosomatia, contains those Rhizopoda which only consist of a single
animal ; they are either entirely naked or inclosed in a capsule with a single opening
for the extrusion of the motor filaments. :

Of the naked forms, constituting the family Proteide, we have already had an
example in the Ameds; and the other members of the group present very similar
characters.

mmﬁwym&opoda,fumkhedvithahomyuhenorcapmle,forming a more or
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less complete case for the animal, constitute the family Aresilide. The filamentous
processes by which motion is effected are protruded from a single aperture. These
filaments are often much branched ; they may be seen under the microscope gradually
extending themselves, like streams of very soft gelatinous matter, which divide and
subdivide in every direction. In the genus Arcells, from which the family derives its
name, the shell is somewhat of & bell-shape, with a very large round opening. In
Englypha it is of an oval or flask-like form, with the opening at the smaller end. In
this genus the shell appears as though formed of 8 sort of moeaic of small horny pieces.
In Diffiugia (Fig. 10), the shell is often glo-

bular.

The animals constituting the second order,
the Polythalamsa, are all inclosed in calcareous
shells. These creatures are social; the shells
consisting of a series of distinct chambers,
which sometimes communicate one with another,
and sometimes appear to be completely closed
up; each of them is supposed to contain a
separate and probably independent animal. It
8 not improbable, however, that the individual
animals may be so connected with each other,
through the medium of the openings communi- Fls. ‘0&9&":::%
cating between the colls, as to constitute a
common mass, with which each animal is partially amalgamated.

In some instances each chamber of the common shell presents only a single
external opening ; but, as a general rule, the substance of the shell is pierced, like a sieve,
with numerous minute pores, through which very delicate filaments are protruded.

All the Polythalamia inhabit the sea ; and frequently occur in such great numbers
that the fine caloareous sand which constitutes the sea-shore, in many places, consists
almost entirely of their microscopic coats. At former perinds of the earth’s history
they existed in even greater profusion than at present ; and their fragile shells form the
principal constituents of several very important geological formations. Thus the chalk
appears to consist almost entirely of the shells of these animals, either in a perfect state,
or worn and broken by the action of the waves; and they occur in great quantities in
the marly and sandy strata of the tertiary epoch. The stone which is universally
employed in Paris as a building stone is almost entirely composed of the fossil shells of
an animal belonging to this order, the Miliola ; so that this great city, of which its inhabi-
tants used to say that he who had not seen Paris had seen nothing, owes its architectural
beauties, at all events, to these minute creatures, of which many thoysands would
scarcely weigh an ounce. Lamarck, the great French naturalist, in referring to this
circumstance, observes—*‘ We scarcely condescend to examine microscopio shells, from
their insignificant size ; but we cease to think them insignificant when we reflect tha
it is by means of the smallest objects that nature everywhere produces her most remark-
able and astonishing phenomena. Whatever she may seem to lose in point of volume,
in the production of )iving hodies, is amply made up by the number of the individuals
which she multiplies, with admirable promptitude, to infinity. The remains of such
minute animals have contributed much more to the mass of materials which compose
the exterior crust of the globe, than the bones of elephants, hippopotami, and
whales.”




THE RBIZOPOBA. 23

From the extremely elegmnt structure of the shitlls of these aftimals, M. Alcide
&Orbigny, who was the first to call the attention of modern naturalists to them, was
led to regard them as microscopic forms of Cephalopodous Mollusca, as they presented
at first sight & considerable resemblance, on. & small scale, to the chambered shells
formed by mamy of those creatures. By M. d’Orbigny, and many subsequent naturalists,
they were aocordingly arranged in the class of Cephalopoda, with animals possessing at
least as high a degree of organization as some of the lower Vertebrata ; and it was not
until the year 1835that the researches of M. Dujardin—eaince amply confirmed by other
observers—showed that the creatures to which these shells owed their construction were
very nearly allied to the Amada.. Nearly two thousand species of these microscopic
shells Bave been deseribed ; but it is probable that many of these will be found, on
further investigation, to be only forms of the same animal in various stages of develop-
ment. They have been divided into several families, characterized by the arrangement -
of the chambers constituting the shell.

In one, the Stichostegide, the chambers are placed end 40.end in a row, 8o as to form
a straight or but slightly curved shell (Fig. 11). In thesecond family, the Enalloste- -
gide, the chambers are arranged alternately in two or three parallel lines ; and as the
eonstruction of the shell is always commenced with a single small chamber, the whole -
necessarily acquires a more or less pyramidal form (Fig 12). The third family, the -
Helicostegidm, presents us with some of the most beautiful forms that we meet with in .
these shells (Fig. 13). They commence by a small central chamber; and each of the sub.- -

Fig. 11. Nodosaria. Fig. 12. Textularia, Fig. 13. Polystomella.

sequent chambers, which are arranged ina spiral form so as to give the entire shell much ° |
the aspect of a minute flattened snail, is larger than the one preceding it. It is in this
famfly that we find the nearest approach, in external form, to the large chambered shells
of the Cephalopodous Mollusca, of which the Nautilus and the Argonaut are examples.
The fourth family, the Entomostegide, stand in the same relation to the preceding, as
the Enallostegida to the Stichostegide ; that is to say, the chambers are also amnge:i in
8 spiral form, but in a double series. A fifth family includes those shells in which the
chambers are arranged round a common perpendicular axis in such a manner that cach
chamber occupies the entire length of the shell, The orifices of the chambers are placed

[
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alternately at each end of the shell, and farnished with a curious tooth or process. The
Miliola, already mentioned as constituting the Puuun building stone, will serve as an
example of this family,

It is probable, although by no means certain, that the animals whose fossil shells,
termed Nummaulites, are found in great quantities in the chalk and lower tertiary strata,
are also to be regarded as members of this class. No living example of this form of
animal has yet been met with ; but in a fossil state whole mountains in the neighbour-
hood of the Mediterranean consist almost entirely of their shells ; and the Pyramids of
Egypt, which have been reckoned amongst the wonders of the world from very
remote ages, are chiefly built with a limestone that is almost entirely composed of
Nummulites. In the time of Strabo it appears that the number of these fossils in the
stones of the Pyramids had already attracted attention; and he tells us that the
then commonly received opinion with regard to them was, that they were the
petrified remains of the lentils which had been used as food by the workmen employed
in the construction of these vast edifices. Herodotus also notices the occurremce of
these fossils in the Pyramids, and gives the above explanation of their origin.

Crass II.—PorrFERA, OR SPoNGEs.

Although these animals arc generally regarded, and perhaps justly, as standing on
a sort of debateable ground betwecn the animal and vegetable kingdoms, ¢r at all events
as occupying a frontier station in the former and approaching more closely to plants
than any other animated beings, we have thought it better to defer the description of
their singular structure and history until the completion of that of the Rhiizopoda;
not that the Sponges are necessarily to be regarded as more highly organized than the
animals belonging to that class; but because many points, in their structure and de-
velopment, are rendered far more clear by a previous knowledge of such creatures as the
Amaba and its allies.

Sponge, in the state in which we usually see it, consists of a congeries of horny
filaments, interlaced in every direction s0 as to form a most intricate metwork
of intercommunicating cells. According to
some observers, these filaments are hollow,
constituting, in fact, so many horny tubes;
but the researches of Dujardin and of Mr.
Bowerbank tend to prove that this view was
erroneous, and that the threads of which
sponge is composed are solid throughout.

Imbedded in these threads, in the ma-
jJority of eponges, are a number of very
minute needle-shaped siliceous or calcareous
particles of various forms; these are called
spicula (Fig. 14). In most cases, the spicula
are simply of an acicular form, slender and
oylindrical, and pointed at both ends. Im
other instances they have a small knob at

Fig. 14.—Forms of Spiculi. one end, whilst the opposite extremity is
pointed, giving them exactly the appear-
anco of minute pins; in others again, we find one end transformed into & fork with
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two or even three prongs; or the whole spiculum consists of three or four spines of
equal length,

In spite of their excessive minuteness, these spicula appear to be really small tubes,
elosed at both ends ;. for, according to Dr. Grant, to whose researches we are indebted
for much valuable information upon the structure and physiology of these simple crea~
tures, ‘ when the spieula are examined through the microscope, after exposure to heat,
we distinctly perceive a shut cavity within them, extending from the one point to the
other ; and on the inflated part of each spiculum we observe a ragged opening, as if a
portion had been driven out by the expansion of some contained fluid. In those spi-
culawhich had suffered little change of form by their incandescence, I have never failed
to observe the same cavity within, extending from one end to the other, and a distinct
open rent on their side, by which the contained matter has escaped before the usual
globular distension had taken place.”

This framework, with its contained spicula, is, however, only a sort of horny ske-
leton, on which the true living portion of the sponge is supported. This consists of a
eoating of gelatinous matter, which is spread over all the fibres of the reticulated
skeleton ; its consistence is very like that of the white of an egg, and it runs freely
away from the sponge when the latter is taken out of the water.

But when examined under the microscope, this gelatinous coating is found to con-
sist entirely of an immense number of aggregated sarcode-cells, exactly resembling the
animal described under the name of Amamba, as the simplest type of the Rhizopods.
Like that curious creature, each of these cells appears to possess a perfectly independent
existence ; each presents one or more contraotile spaces; and even when detached from
the mass of its fellows, enjoys the faculty of motion by the extension of its substance
in various directions. Such, at least, is the case in the fresh-water sponges, or Spon-
gille, the history of which has :
been most admirably detailed by
Mr. H. J. Carter, of Bombay,
from whose memoirs the follow-
ing particulars, as tothe structure
and development of these crea-
tures, are principally derived :—

“The sarcode cells above-
mentioned are imbedded in an
intercellular substance, to which
the horny framework supporting
the sponge appears to owe ita
:&dnl: ﬁmm;nﬂ Fig. 16.—Section of a Living Sponge.
substance, are constantly changing their form ; and as when separated from the common
mass they are seen to take nutritive substances into their bodies in the same manner
23 the Amambo, it is very probable that the same phenomena occur when the creatures
are still in sitw.

A glance at a piece of common sponge will show that its surface is evex:ywhere
perforated with an infinite number of minute holes, amongst which a c?n'sxderable
number of large openings are scattered. Whensspongeisenminedinahvmg_state,
a rapid stream of water may be observed issuing constantly from these larger orifices.
This excurrent stream of water is rendered observable by the fact that it bears with it
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a number of minute particles from the interior of the sponge (Fig. 16). This water is
imbibed through the minute pores distributed in such profusion over the entire surface
of the sponge; after passing through these, and traversing the cavities formed in every
direction by the reticulated structure of the mass, it is collected into canals, by which
it is finally conducted to the larger openings of the surface.

The primary ebjects of this continual flow of water through the substanee of the
sponge appear to be two-fold; first, the conveyance to the individual cells of which the
living portion of the sponge consists, which may be regarded as so many stationary
animalcules, the minute particles of nutritive matter necessary for their support and
that of the general mass; and, secondly, the removal of feecal matter from the interior
of the sponge. But nutrition and the removal of effete materials are not the only
purposes to which it is applied—rcspiration, which, judging from analogy, is as
necessary to the sponges as to other animals, must be effected by the medium of
this current; and it also fulfils a very important part in the propagation of the
species.

But although the imbibition and expulsion of water by the sponges has long been
known, its cause long evaded the most persevering scrutiny of zoologists. By the
older writers it was believed that the sponge possessed the power of sucking in the
water through the larger orifices, and expelling it, after the lapse of a certain time,
through the same openings by which it had penetrated its substance. Thus Linnsus
says—‘‘ Spongia foraminibus respirat aquam.” Dr. Grant, however, a good many
years since showed that the currents were continuous, and in one direction. although
he failed to ascertain the means by which the motion of the fluid was produced. The
opinion generally entertained, and indeed the only ome by which this phenomenon
could be at all accounted for, attributed the production of the curreat to the action of
cilia; and this view has recently been confirmed by some interesting observations of
Mr. Bowerbank’s, upon a very curious species of sponge, the Gramtia compressa
(Fig. 17), not uncommon upon some parts of our coasts,

This little sponge consists of a
sort of white bag, formed of a thin
spongy tissue, suspended by a nar-
row base, but exhibiting great
variety in form. In its simplest
state it is a small fusiform sao (a),
with a single large opening at the
apex; but when larger it acquires
a more orless triangular pentagonal
or hexagonal form, with a large
opening at each of the angles. The
general surface, as in all sponges,
is perforated with innumerable
minute pores, through which the
water passes into the internal ca-
vity, whence it is expelled through
the larger openings. On cutting
open this sponge, and examining it with a magnifying power of about 500 diameters,
Mr. Bowerbank found its inner surface to consist of a number of angular cells, formed
by triradiate spicula, and terminated by a sort of perforated diaphragm, through which

Fig. 17.—Grantia compressa.
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the cilia could be seen in action. To obtain a transverse section of the substance of the
sponge, he was compelled to tear it across as carefully as possible, and to examine the
torn edges, when he found that a chamber extended from the diaphragm just mentioned
to immediately within the incurrent orifices ; this was lined with tesselated cells, many
of which apparently bore very long ciliary organs, constantly waving to and fro, in
spite of the rather rough treatment to which they had been subjected. The cells, when
detached from the parent mass, still, in many cases, retain the organs by which this
motion in the water is produced. In this state they bear a considerable resemblance to
some infusorial animalcules furnished with a long filiform appendage.

The propagation of the sponge is effected in various ways. In some cases, little
ciliated gemmules are produced in the gelatinous mass coating the fibres of the sponge ;
and after a certain period, becoming detached from the parent, are borne out through
the large orifices by the action of the current already described. After this exclusion
they swim about for some time, presenting a pretty close resemblance to some of the
infusorial animalcules. But this life of freedom is not of very long duration ; the little
gemmule selects its place of attachment, fixes itself, and gradually becomes developed
into a perfect sponge.

In the Spongilla, a somewhat different mode of reproduction occurs. Seed-like
bodies are produced in the substance of the sponge, and always in the central or first-
formed portion. These, in their earliest stages, consist of several cells, merely united
together into a globular or ovoid mass, lying freely in cavities of the substance of the
sponge. By degrees this mass of cells acquires a more definite form, and becomes
enveloped in a capsule, on the surface of which, after a time, a finer crust of silicious
spicula is developed (Fig. 18).

The spicula vary in form in the different species of Spomgsia; in that from which
the annexed figures are derived, they
are arranged perpendicularly to the
surface of the capsule, and dilated at
each end into a stellate disc (¢); in
others they have no such regular
srrangement ; they are more or less
curved and pointed, and either smooth
or spinous.
The cells (8) inclosed within this
silicious crust also undergo a con~
siderable change in their progress
towards maturity; they become nearly
equal in size, and the granules con-

5

tained in them (a), which originally . W
resembled the granules of the ordinary 4
sponge-cell, acquire four or five times Fig. 18.—Development of Spongills.

this size. The capsule and silicious a, germs from cell; 3, cell containing germs ; d, spi-

B culum e, one of iu nrm\ al discs; f, spicul
e o i 0 el 5 P
seed-like body may escape.
‘When the cells are pressed out of the cavity of the capsule under water, they soon
swell up and burst ; the germs contained in them becoming gradually diffused over the
bottom of the veasel in which they are kept. These germs are of very minute size;
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the largest of them not measuring more than 1-3000th of an inch in diameter. In
form they present some resemblance to the corpuscles of the blood. In a few days the
germs are found to have collected into separate groups, each inclosed in a mucilaginous
substance. From thcse germs active animalcules are produced, exactly resembling the
cells of which the gelatinous substance of the mature sponge is composed, and posscssing
the same power of locomotion by the extension of different parts of the body, even in a
greater degree. These creatures, in fact, exhibit considerable activity; and during
progression their bodies often assume the most fantastic forms. Their appetite also
appears to be of the most voracious description. Of this Mr. Carter relates scveral
curious instances ; in one case he ““ saw one of these proteans approach & grlatinous
body, something like a sluggish or dead one of its own kind, and equal to itself in size ;
and having lengthened itsclf out so as to encircle it, send processes over and under
it from both sides, which, uniting with each other, at last ended in a complete approxi-
mation of the two opposite folds of the cell-wall, throughout their whole extent, and in
the inclosure of the object within the duplicature, Even while the protean was thus
- spreading out its substance into & mere film, to surround so large an object, a tubular
prolongation was sent out by it in another direction, to scize and inclose in the same
way a large germ which was lying near it. After having secured both objects, the
protcan pursued its course rather more slowly than before, but still shooting out its
dentiform processes with much activity. It took about three quarters of an hour to
perform these two acts.”

Not unfrequertly combats take place between two of these singular creatures, when,
if the size of the combatants be nearly equal, they merely twist about for a short time
and then separate ; but if therc be any great disparity in bulk, the larger one swallows
up his antagonist without remorse. On one occasion Mr. Carter saw a large protean
scize a small one with its finger-like processes, and pass it ander its body, so that the
little one lay between the body of its captor and the glass in which they were both
inclosed. “For a moment,” says Mr. Carter, “ the small protean remained in this
position, when the cell-wall raised itself over it in the form of a dome, in which so-
formed cavity the little protean began to crawl round and round to seek for an exit ;
gradually, however, the cell-wall closed in beneath it in the manner of a sphincter, and
it was carried up, a8 it were, into the interior of the cell, securely inclosed in a globular
transparent cavity resembling a hyaline vesicle, but much larger.”

The gelatinous matter with which these groups of germs are invested appears to be
identical with the intercellular substance of the mature sponge. After a time, threads
of it begin to extend in straight lines on the surface of the glass, and connect the different
masses of germ-cells.

The curious phenomena just described—indicating a much higher degree of vital power
than we should at first sight be disposed to attribute to such an apparently inert mass
as & sponge—are produced in a somewhat artificial manner; although there is every
reason to believo that the same thing takes place naturally, and that at certain scasons
the waters inhabited by the Spongille must swarm with germs escaped from their cells,
and only secking a suitable support on which to be developed into sponges. But it
appears that the sced-like bodies possess yet another mode of development; for if one
of them, when mature, be placed in water, it attaches itself to the surface of the vessel
which contains it by means of a substance that issues through the opening in the capsule
alrcady mentioned. In this substance, when examined by the microscope, cells similar
to those existing in the perfect sponge may be recogunised, and the mass gradually
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becomes developed into a compound creature resembling the parent from which it
sprung.

As might be expected from the structure of these animals, they manifest but little
indication of any general sensibility. It has indeed been stated that a shock, by which
the entire mass is simultaneously affected, will produce a very distinct effect upon it:
Thus it is said that if a piece of the Spongilla be allowed to fall into water from the
height of a few inches, or otherwise exposed to the influence of a sudden shock, the
prominent portions in which the vents are situated immediately contract very consi-
derably, until the orifices are nearly closed. Other observers have declared that
although no movement of contraction may be visible in a sponge, yet when the hand
is laid upon it under water a peculiar tingling sensation is felt—due, they suppose, to
some movement in the individual particles constituting its mass. This is rendered
more probable by the consideration of the structure of the gelatinous coating of the
sponge as already described.

8ponges grow attached to almost everything which may serve them as a point of
support, whether fixed or floating ; some cover rocks, shells, and other submarine
objects, with a close spongy incrustation; whilst others shoot up a branched stem into
the water; and others again hang freely from the seaweeds floating in the ocean.
Sometimes they select very unexpected objects on which to take up their abode. Thus,
in one case recorded by Dr. Johnston in his ¢ Natural History of British Sponges,” a
specimen of the Halichondria oculata, a sponge not uncommon on some parts of the
British coasts, was found growing from the back of & small live crab—* a burden,”
says the learned Doctor, “apparently as disproportionate as was that of Atlas,—and yet
the creature has been seemingly little inconvenienced with its arboreous excrescence ;
for it is big with spawn in a state nearly ready for luying! Indeed the protection and
safety which the crab would derive from the sponge might more than compensate the
hindrance thus opposed to its freedom and activity. When at rest its prey might
seek without suspicion the shelter afforded amid the thick branches of the sponge,
and become easy captives; while, when in motion, scarce an enemy could recognize
it under such a guise, and the boldest might be startled at the sight of such a
monster."”

Not the least wonderful circumstance connected with the history of the sponges is
the power possessed by certain species of boring into substances, the hardness of which
might be considered as a sufficient protection against such apparently contemptible
foes. Shells, both living and dead, coral, and even solid rocks, are attacked by these
humble destroyers, gradually broken up, and, no doubt, finally reduced to such a state
as to render substances which would othéerwise remain dead and useless in the economy
of nature available for the supply of the necessities of other living creatures.

These boring sponges constitute the genus Cliona, and some allicd genera. They
are branched in their form, or consist of lobes united by delicate stems ; they all bury
themselves in shells or other calcareous objects, preserving their communication with
the water by means of perforations in the outer wall of the shell. The mechanism by
which a creature of 8o low a type of organization contrives to produce such remarkable
effects is still doubtful, from the great difficulties which lie in the way of coming to
any satisfactory conclusions upon the habits of an animal that works so completely
in the dark as the Cliona—it will probably long remain so. Mz. Hancock, to whom we
are indebted for a valuable memoir upon the boring sponges, published in the “Annals
and Magazine of Natural History,” attributes their excavating power to the presence of
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& multitude of minute silicious orystalline particles adhering to the surface of the
sponge ; these he supposes to be set in motion by some means analogous to ciliary
action. In whatever way this action may be produced, however; there can be no
doubt that these sponges are constantly and silently affecting the disintegration of
submarine calcareous bodics—the shelly coverings, it may be, of animals far higher in
organization than they; nay, in many instances, they prove themselves formidable
enemies evon to living Mollusca, by boring completely through the shell. In this case
the animal whose domicile is 80 unceremoniously invaded, has no alternative but to
raise a wall of new shelly matter between himself and his unwelcome guest; and in
this manner generally succeeds at last in barring him out.

The sponges vary exccedingly in form ; and even the same species often assumes
shapes the most different without any apparent cause. The forms under which the
common sponge occur must be familiar to all our readers ; and we have already given
an example, in the Grantia compressa (Fig. 17), of a very different and singular form,
Other sponges are arborescent, or at all events moro or less branched, like the Halichon-
dria oculata (Fig. 18); whilst others are of a cup shape.

Sponges occur in all seas, from the equator to the poles ; but it is in tropical climates
that they attain their greatest development, and exist in the greatest abundance.

Crass III.—INFUSORIA.

General Characters.—In passing from the consideration of the preceding classes
to that of the present group, we are not called upon to witness any very great advance
in organization. Nevertheless, the differences between the two classes are all of a
nature to show that the Infusoria certainly constitute a step in our progress towards
the higher forms of animals,

The microscopic creatures constituting this class consist, it is trué, of the same
granulat gelatinous matter, or sarcode, which we have seen to constitute the entire
substance of the Rhizopeda ; but this no longer presents itself in the form of a mere
mass of jelly: each animal appears to be inclosed in & membrane, or layer of matter of
a firmer texture than the rest of its substance ; and motion, which cannot be effected as
in the preceding class by the mere extemsion of portions of this substance in any
desired direction, is now produced by the action of special organs, These organs are
of very various construction. In some families we mcet with long, thread-like
appendages, which the animal twitches about in the water. These organs are some-
times single; in other instances the animal possesscs two or more of them, From
Ehrenberg they received the denomination of proboscis, although it does not appear
that they are in any way connected with the process of nutrition; and this, with other
opinions equally erroneous, published by the great microscopist of Berlin in his works
upon these animals, have been adopted, without inquiry, by the generality of subse~
quent writers on natural history,

The most usual mode in which motion is effected in the Jnfusoria, is by means of
cilia. The cilia are fine lappets or hairs, which exist either scattered or arranged in
regular scries over the whole surface of the body, or are collected in considerable num-
bers round the orifice of the mouth. They are moveable at the will of the creature, and
serve, according to circumstances, either as organs of locomotion, or for the production
of whirlpools or eddies in the water, by means of which the minute particles on which
the animal feeds are brought within its rcach. In some of the most highly organised
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creatures of this elass these ciliary hairs beocome converted into moveable bristles and
hooks, by means of which the animal is enabled to crawl upon fixed objects in the
water, and even to execute distinct leaps.

One striking difference between the animals of the present and those of the preceding
classes is, that whilst in the latter by far the greater part of the animals are social in
their habits, and in many cases seemn almost to possess a sort of common existence, the
Infusoria are aggregated together in only & foew instances, and generally consist merely
of & simple cell with its nucleus. Like the RhAisopoda, many of these animals are pro-
vided with a shell or shield ; this, however, is never of a calcareous nature, but gene-
rally coriaceous or horny. In one family the animals are inclosed in silicious or flinty
cases, of which great numbers are to be met with in a fossil state in the flints which
occur in such quantities in the chalk hills.

Ehrenberg, and after him many soologists who accepted both his facts and opinions
without sufficiently examining into their correctness, attributed to these minute organ-
isms, which certainly stand in need of no fictitious interest to render their history
attractive and wonderful, a structure much more complicated than that of many animals
which stand far higher in the scale of organization. By these naturalists we are given
to understand that a number of small clear spaces, which are to be observed in the
substance of these creatures, are in reality so many stomachs. Some slight difficulty
attached to this view, however, as the most persevering researches failed in detecting
any evidence of an intestinal canal uniting these cavities; and like many other con-
cusions at which Ehrenberg arrived rather too hastily, this opinion of his, with regard
to the funetions of the vacuoles, or clear spaces observed in the bodies of the Infusoria,
thas been disproved on more careful investigation. Thus these vacuoles are seen in
many of these creatures to pass round and round the body, along with the rest of its
eontents, in & manner that renders the existence of the intestinal canal, by means of
which they were supposed by Ehrenberg and his followers to be connected into one
digestive system, an utter impossibility. They are found, in fact, to consist simply of
small globules of fluid ; they exist in those Infusoria which are destitute of a mouth,
s well as in those which possess that organ; and they may be seen to disappear gra-
dually as the fluid which constitutes them is absorbed into the gelatinous mass of the
body. Ehrenberg, however, was so convinced of the existence of this alimentary
eanal, and of the stomachal functions of the vacuoles, that he gave the name of Poly-
gastrica, or many-stomached animals, to this class; and even divided them into orders,
from the supposed structure of an intestine which no one has ever yet succeeded in

The mode in which nutrition is effected in those Jnfusoria which possess & mouth
will clearly show in what manner this mistake has arisen, These creatures feed upon
small microscopic animals and plants, and probably upon such minute particles of
decaying animal and vegetable matter as may be suspended in the water which they
constantly inhabit,

The mouth is situated either at the anterior extremity of the body, where it gene-
nally forms a round opening, or at a greater or less distance from that extremity on the
ventral surface ; when in this position it is generally in the form of an oval or twisted
slit. It is usually bounded by ciliated lips, capable of protrusion and retraction at the
will of the animal ; so that the monuth is frequently visible only during the act of eating.
The cavity of the mouth is continued into s short ;sophagus, and both are always

dlothed with delicate cilia. The minute particles of which the food consists are col-
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lected together by the action of the stream produced by the cilia of the msophagus,
until they form a small ball, which then passes through the end of the msophagus into
the yielding substance of the body. But when imbedded in the parenchyma these
balls occupy no particular place, but, like the drops of fluid aliment, follow the gencral
circulatory movement of the gelatinous mass. It will be readily understood how the
imperfect observation of these facts led to the supposition that the minute balls of
indigo or carmine, to be discerned within the bodies of Infusoria which had been fed
upon these substances, were contained in permanent natural cavities, hollowed out for
the reception of nutritive matter, and that the clear spaces were similar cavities or
stomachs, which for some reason had not been charged with food ; but as we find that
these apparently vacant spaces not only disappear by the absorption of their fluid
contents into the general substance of the animal, but also that not unfrequently two
or more of them will run together 8o as to form a single vacuole, we have pretty certain
proof that they are not bounded by membranous walls, and that although there can be
no doubt of the occurrenee of the phenomena observed by Ehrenberg, the inferences
which he drew from them, as to the complexity of the structure of these creatures, are
quite untenable.

In these animals, as in the Rhizopoda, we find, in addition to the dark nucleus, one
or scveral clear spaces which expand and contract alternately. These pulsating spaces
are usually round, and sometimes exist in such numbers as to constitutc a sort of long
vessel. In other cases these spaces appear in the form of a star, of which sometimes
the rays and sometimes the central space disappear during contraction. Although the
pulsating spaces always occury a determinate position, they appear to be quite destitute
of membranous walls, as they may be scen during violent contraction to divide into
two or more parts, which afterwards, during their expansion, again become confluent.
It seems probable that we have, in these pulsating spaces, the first rudiments of the
circulating system which we shall see attain such a high development in many of the
higher animals,—that fluids are collected in these vacuoles, and then driven again
through the spongy substance of which the body consists. Some naturalists have indced
supposed that they may have a communication, by means of some very delicate vessels,
with the water in which the animal swims, so that at each contraction fluids might be
expelled from the body, whilst at cach dilatation water would be drawn in. This idea
is, however, as yet wholly unsupported by observation, from which all that we can
learn is, that contractile organs do exist in these creatures ; and this, when we consider
their minute size, is in itself a circumstance which may well serve to excite our wonder.

But when we come to inquire into the means by which these minute creatures are
propagated, and into the processes by which, in a very short space of time, water, in which
no trace of animal life was to be discovered, becomes densely populated by them, we
ghall find our surprise and admiration greatly increased. It will be as well, however,
to defer the consideration of this subject till we come to treat of one of the most
interesting forms of these animals, tho Vorticella, as this creature presents some of the
most curious phenomena to be witnessed in the animal kingdom.

In many Infusoria, and indeed principally in the very lowest and most doubtful
members of the class, a bright red spot is observable near the anterior extremity. This
has been described by Ehrenberg as an eye! But apart from the absurdity of attri-
buting a distinct visual organ to creatures which have never for a moment been supposed
to possess even a trace of a mnervous system, the structure of these red spots has no
resemblance whatever to that of an eye ; and as many of Ehrenberg’s eyed animalcules
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have gince his time been found to be only the spores of aquatic plants, and it is very
probable that others will share the same fato as soon as their development shall have
been further investigated, this notion of the existence of eyes, in the Jnfusoria, must be
sdded to the many other instances of unsupported assumption which have unfortunately
rendered the persevering labours of that zoologist far less beneficial to science than they
might otherwise have been.

Most of these animals inhabit water ; a few exist as parasites in the bodies of other
animals. The aquatic species prefer clear to foul water, and are always to be met with
in greatest profusion in places where Confervee and other forms of aquatic vegetation
are abundant. They are produced in great abundance in certain vegetable infusions
when exposed to the air; and this circumstance, discovered by Leeuwenhock in 1676,
has always been regarded as one of the principal evidences in favour of the doctrine of
spontaneous generation—a doctrine which was at one time in considerable repute, and
which is not without its supporters even in the present day. According to this theory
an organic fundamental matter is everywhere distributed. Of this, it was supposed, the
organs of the higher animals and plants consisted; and to this, if the theory were
correct, they would return on the death and consequent decay of the organism. It was
farther supposed that this fundamental organic matter passessed the faculty of organiz-
ing itself, under the simultaneous influence of air and moisture, so as to produce certain
determinate forms of plants and animals, especially moulds and Jnfusoria; the animal
or vegetable nature of the resulting creature, as well as its specific form, being
dependent, said the theory, upon external circumstances. What these external cir-
cumstances were, however, and in what manner their influence produced the infinite
variety of form observable in these lowly organisms, the theory was unable to say. It
was settled, however, that for the purpose of spontaneous generation three things were
necessary—namely, the organic substance, water, and air.

Later investigations, nevertheless, soon showed that thcre was some flaw in this
theory, specious as it might appear ; and although even our present knowledge is not
sufficient to enable us to account with certainty, in all cases, for the appcarance of
animals in infusions, and in the interior of other creatures, a very simple experiment
will serve to demonstrate the falsity of the theory of spontaneous generation. If an
infusion be boiled and placed in an air-tight vessel, living organisms are never produced
in it; but as soon as it is opened, and exposed to the air, the same creatures are produced
in it as if it had never been boiled. It would appear from this that the access of air
was the condition necessary for the spontaneous production of living organisms.  But
if the infusion be boiled in a flask to which no air can have access, except by passing
through a vessel filled with sulphuric acid, or some other substance which, possessing
no power of acting upon the air itself, is yet capable of destroying any organised bodies
which might otherwise be borne in with the air, the apparatus may be allowed so stand
for wecks or months, and the air contained in it constantly changed during the whole
period without the production of a single animal. But when the similar contents of
another flask are treated in exactly the same manner, except that the renewing of the air
is effected merely through an empty tube, without the intervention of any corrosive sub-
stance, the infusion is soon filled with microscopic creatures of all kinds. This experi-
ment proves clearly that the production of these minute organisms, in new situations, is
due to their presence, or to that of their germs in the atmosphere, and that no new
beings result from the mutual contact of organic matter, water, and pure air.

Minute as these creature are, and some of them are said not to exceed the 1-20000th
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of an inch, whilst the giants of their race are not more than 1-50th of an inch in
length, they are not without their importance in the economy of the world. By their
prodigious numbers they amply compensate for their want of size. Every drop of water
on the face of the globe appears to contain them in greater or less profusion; and this,
coupled with their great fecundity (for it has been calculated that the progeny of
some animalcules would amount to upwards of two hundred and sixty-eight millions
in four weeks), may readily convince us of the vast quantity of food furnished by
these creatures to others a little higher in the scale, which in their turn become the
prey of larger animals.

One of the many extraordinary facts, connected with the natural history of the
Infusoria, is the power which many of these animals possess of rctaining their vitality
for & long time, when the water which they had been inhabiting has become dried up
with the heat of summer. They will remain thus inclosed in the dry and hardened
mud, which frequently, as we all know, becomes baked by the action of the sun into a
condition in which the last thing we should suspect would be the presence of animal
life, especially of such delicate organisms as these, until the return of wet weather
recalls them from their dormant state to activity and enjoyment; or they may be taken
up from the surface of the drying pool by the action of wind, and blown about in the
atmosphere until they meet with some moisture, in which they may be developed, and
may propagate their species. It is probable, in fact, that much of the dust which we so
frequently see floating, apparently in the beams of the summer sun, consists of either
the bodies or the germs of Infusoria.

Divisions.—The classification of the Infusoris presents considerable difficulty,
partly arising from their excessive minuteness, which renders the assistance of our
best microscopes necessary to enable us even to ses many of them, and partly from the
impossibility of avoiding confusion from the intermixture of the germs of more highly
organised animals, and some plants in various stages of development.

The class of Infusoria, as circumscribed by Ehrenberg in his ¢ Infusionsthicrehen,”
published in 1888, included a curious mixture of heterogeneous clements. It was
divided into two great groups, the Polygastrica and the Rotifera, with the latter of which
we have nothing to do here ; the animals composing it belonging to a far higher type of
organization. But'even in the Polygastrica, a vast number of species, and especially
the whole families of Closterina, Bacillaria, and Polvooina, are found to be true plants;
and after the rejectian of these we find a considerable quantity of creatures, in which
the possession of a moveable filiform appendage, and the existence of a red spot, are the
only characters, on account of which they can be referred to the animal kindom. Many
of these have been already found to be truly the active germs of Conferve; and it is
probable that more cxtended investigations will, before long, show that many, about
which we are still doubtful, aro also to be referred to the vegetable kingdom. These
species belong to Ehrenberg’s families Monading and Cryptomonadina. Lastly, his
family Vibrionina, including the well known esls of paste and vinegar, must be rejected
altogether, as it includes a heterogeneous assemblage of microscopic plants and embryonio
forms of worms. After the separation of these, the animals still referable to the class
of Jnfusoria are sufficiently numerous and interesting. They may be divided into two
orders, characterized by the presence or absence of 8 mouth in the animals composing

them,
The first order, the Astomata, or mouthless Infusoria, includes all those in which the

mouth is wanting, They appear to be nourished entirely by the absorption of fluid
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matter through their outer surface, and have never been seen to take solid food. The
first family of this order, the Astaside, is distinguished by an extremely contractile
body, generally of a green or red colour ; most of them Ppossess one or two red points.
The animals belonging to one of the genera of this family (Englena, Fig. 19), which are

generally of a green or red colour, fre-

quently cause the water they inhabit to

/ appear of one of these colours, in cunsequence
of their sudden appearance in myriads. It is
s’/ ] . not improbable, however, that some of the

creatures included in this group may prove
to be vegetable organisms.
The family Dinobryide very closely re-
Fig. 19.—Englena viridis, 350 di met. in vari- sembles the ing ; but the animalcules
o e of contrastion. of which it is composed are farnished with
a horny case, within which they can retract themselves at pleasure. .

In another family, the Peridinide, the animals are also furnished with a horny or
silicious shell or carapace; but in these the shell has a transverse or oblique alit
(Fig. 20) furnished with a T
circlet of cilia ; it is also fre- o
quently produced into very
remarkable horn-like pro-
cesses. Motion in these ani-
mals is effected not only by
means of these cilia, but also
by the aid of a filiform ap-
pendage, which can be pro-
truded from a particular spot
in the carapace. The sili-
cious coats of these creatures
are found in great profusion

in the flints of our chalk hills.
The fourth family of the .
astomatous Infusoria, the B
e 3 s Fig. 20.—Peridinium, 300 diameter.
gfl"’m wmt:v:;g;ez a, Filiform appendage. &, carapace. ¢, fringe of cilia.

to o'nly been found living as parasites in the intestines of frogs and of some worms. The
W of these creatures are colourless, and of a perfectly glassy transparency, so that
their structure may be studied with the greatest ease ; and there can be no doubt as to
the complete absence of snything like & buccal orifice. Their motions are effected
cnti.tely by means of cilia, which are arranged in oblique lines upon their flat oval

From these simple creatures we turn now to the consideration of the far more
numerous and interesting forms of Infasorial animalcules, in which the presence of a
mouth indicates a higher degree of organization and a more extended sphere of action.
They form the order Stomatoda. The first family of this order, the Monadide, consists
of roundish or oval animaloules, whose minute size renders their examination difficult
even with our very best glasses. Their motions are generally produced by means of
filiform appendages, of which each animal possesees one or more. Some of them

c
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measure only 1-20000th of an inch in length; and it has been calculated that a cupful
of water may easily contain & number of these animalcules considerably larger than that
of the entire human population of the earth. Such an assertion as this may well raise
our astonishment to the highest pitch, when we consider that each of these living
atoms possesses & mouth well furnished with cilia, through which it is able to intro-
duce into its substance particles of solid matter of a size so small that, until collected
by these little creatures, our highest magnifying powers will fail to rcveal their
existence.

‘We now come to a family which includes somo of the most beautiful of the infuso-
rial animalcules, and in which we meet with phenomcna more curious than any we
have yet witnessed, and perhaps as wonderful as any that will be presented to our
notice, when studying the natural history of the higher classes of animals, This is the
family of the Vorticellide, or bell-animalcules. The animals of which it is composed
are characterized by the possession of a fringe of rather long cilia, surrounding the
anterior extremity, which can be exserted and drawn in at the pleasure of the creature ;
by the vibration of these cilia the little animal, which usually has somewhat the
appearance of & miniature wine-glass supported upon a very long stalk, can produce
a sort of vortex in the water, by which smaller animals and minute floating particles
of alimentary matter are drawn into the mouth. Some of these littlo ereatures are
furnished with a horny case for the protection of their delicate bodies, whilst others
are quite naked.

The genus Porticella, from which the name given to tho family is derived, consists
of animals of the latter description. Each of these little creatures is placed at the top
of along flexible stalk, the other extremity of which is attached to some object, such
as the stem or leaves of an aquatic plant. This stem, slender as it is, is nevertheless &
hollow tube, through the entire length of which runs a muscular thread of still more
minute diameter. When in activity, and secure from danger, the little Porticella
stretches his stalk to the utmost, whilst its fringe of cilia is constantly drawing to its
mouth any luckless animalcule that may come within the influence of the vortex it
creates; but at the least alarm the cilia vanish, and the stalk, with the rapidity of
lightning, draws itsclf up into a little spiral coil. But the Vorticella is not wholly
condcmned to pass a sort of vegetable existence, rooted, as it were, to a single spot by
its slender stalk ; its Creator has foreseen the probable arrival of a period in its exis-
tence when the power of locomotion would become necessary, and this necessity is
provided for in a manner calculated to excite our highest admiration. At the lower
extremity of the body of the animal, at the point of its junction with the stalk, a new
fringe of cilia is developed ; and when this is fully formed the Vorticella quits its stalk,
and casts itself freely upon its world of waters. The development of this locomotive
fringe of cilia, and the subscquent acquisition of the power of swimming by the Por-
ticella, is generally connected with the propagation of the species, which, in this.
and some of the allicd genera, presents a series of most curious and complicated
phenomena.

In these, as in all other Infusoria, the simplest mode in which propagation is
effected, is by the division of the individual into two or more parts. This division, as
we have already stated when speaking of the Profozos in general, commences in the
nucleus, which, in the Porticelle, is of a band-like form. Before and during this
division of the nucleus the body of the creature acquires a considerable increase
in breadth. A constriction afterwards makes its appearance in the middle, which,
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continually increasing in depth, at last divides the body of the animal into two
balves, each of whieh is now found to constitute a perfect Forticelds. Only one
of these, however, is to remain in quiet possession of the original stalk ; the other,
eonsequently, develops a fringe of cilia at its lower extremity, detaches itself, and
swims away to seck a new home. Having fixed upon a convenient spot for its purpose,
it attaches itself, by the hinder part of its body, to the place it has selected ; the cilia
then disappear, and a new stalk is gradually developed, until the new enimal exactly
resembles that from which it sprang.

The Vorticella also possess another means of propagation which is denied to all the
other Infusoria, with the exception of a few nearly allied genera, although we shall
meet with it again in other classes of animals. This mode of reproduction is called
germmation. It consists in the production of & sort of bud, which gradually acquiree the
form and structure of the perfect animal. In the Vorticelie, these buds, when mature,
quit the parent stem after developing a circlet of cilia at the lower extremity, and fix
themselves in a new habitation in exactly the same manner as the individuals produced
by the division of the bell.

It might be thought that animals endowed by nature with the power of increasing
their numbers by the continual division of their very substance, would stand in no need
of any further provision for the continuance of their species; that these means of
reproduction would amply suffice to enable them to fulfil the scriptural injunction to
“increase and multiply, and replenish the earth.” We find, however, that other and
more complicated contrivances are employed for the same end; so that we necd not
wonder at the great rapidity with which these creatures multiply in situations favour-
able to their development.

At an earlier or later period of their existence, the Forticelle withdraw the diso
surrounded by cilia which
forms the anterior portion
of their bodies; and con-
tracting themselves into a
ball, sccrete a gelatinous
covering which gradually
wolidifies, and forms a sort of
capsule, within which the
closed. uOo:::::::le;f ;; Fig. 21. Development of Vorticella.

Pprocess, by which the Vorti-

celle is said to become emcysted, takes place, whilst the creature is still attached to its
stalk ; but more commonly the circlet of cilia, already mentioned, is first developed at the
posterior portion of its body, and the Vorticella becomes encysted whilst swimming
freely through the water. Even when the animalcule undergoes this change, whilst
still supported on the stalk, the latter soon disappears, leaving the encysted Vorticella

The body of the animal (Fig. 21, 1) now appears almost homogeneous in its structure,
but still contains the nucleus unchanged, and also incloses a small round cavity
filled with fluid, which represents the contractile space of the original Vorticella, but
no longer exhibits the pulsations characteristic of that organ in the active animal. At
this point the history of the creature becomes still more complicated. Sometimes ita
farther progress commences by the breaking up of the nucleus into a number of minute

_J
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oval discs (Fig. 21, 2), which swim about in the thin gelatinous mass into which the
substance of the parent has become dissolved. The body of the parent animal inclosed
within tho cyst now becomes apparently divided into separate little sacs or bags
(Fig. 21, 3), some of which gradually acquire a considerable increase in size, and at length
break through. the walls of the cyst. After a time one of these projections of the
internal substance bursts at the apex; and through the opening thus formed the
gelatinous contents of the cyst, with the included embryos, are suddenly shot out into
the water (Fig. 21, 4), there to become diffused, and give rise to a new gemeration of
Vorticelle.

But this is only one of the phases of the development of these encysted Vorticelle;
another and a still more remarkable one remains behind. In other cases, instead of
producing a number of little ac-
tive embryos in its interior, the
encysted  Vorticella  extends
sometimes in one direction, some-
times in another (Fig. 22, 1), at the
same time protruding from all
parts of its surface a number of
sender filaments, terminated by
minute knobs, similar to the pro-
cesses by means of which we
have seen motion produced in
the Rhyzopoda. Sometimes a
portion of the creature is thrust
out, 80 as to form a new stalk
(Fig. 22, 2), by which it attaches
itself to objects in the water. Pig. 22.—Acineta-forms of Vortloella.

These reproductive forms of . . ted  apteror
the Vorticelle have long been “'ﬂl:r: e:,' ",O:m: ,m"::’;;.‘:;ﬂm, fringe.
known to microscopic ob-
servers, and several of them were described by Ehrenberg as belonging to very
various genera. From the name Acineta, given by that author to one of these geners,
they are now denominated the Acineta-forms. Two of them are represented in
Fig. 22; the first closely resembles the Actinophrys soi of Ehrenberg; and the
second is described by him under the name of Podophrys fiza. Both these, however,
are only forms of one species, the Vorticella microstoma of Ehrenberg.

But the final object of this singular metamorphosis still remains to be described,
The nucleus, which at the change of the encysted animalcule into the Acineta-form
was still distinctly observable, becomes entirely and altogether converted into an active
young Forticella (Fig. 22, 2 b and 3), acquiring an ovate form, with a circlet of cilia round
its narrower extremity, and presenting, at the opposite end, a distinct mouth,
Within this young animal, whilst still inclosed in the body of its parent, we see a
distinct nucleus and the usual contractile space of the full grown creature.
‘When mature, the offspring tears its way through the membranes inclosing the Acineta,
which however immediately closes again. The latter continues protruding and retract-
ing its filaments, and soon produces, in its interior, « new nucleus, which, in its turn,
becomes metamorphosed into a young Forticslla.

The sams faculty of inclosing themselves in a cyst appears to be made use of by the
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Ferticells as a means of self-preservation when the water in which they have been
residing dries up. When the animal is thus encased, the mud of the bottom of the
pool may be baked quite hard in the sun without doing it the least injury ; and in this
state the creatures are often taken up by the wind with the dust which it raises from
the surface of the parched ground, and borne along to great distances, 87 as to make
their appearance in most unexpected localities (they are frequently found in roof
gutters), where the first shower of rain calls them back to active life. These processes
are repeated in several of the allied gemera with so little variation, as far as observations
have hitherto shown, that it will be unnecessary to mention them more particularly
We may, however, before quitting this interesting family, describe a few of the leading
forms which it presents to our notice.

We have already seen that each FPorticella is supported upon a flexible stalk ; and
that when a bud is produced from any part of the animal, it is cast off by its parent to
shift for itself as soon as the organs necessary for its separate existence are developed.
This character serves to distinguish the true Porticelle from the other members of the
family ; in which, however, we meet with considerable diversity of form. Thus in
the genus CarcAesimm the stalks are still flexible, and, as in the Vorticelle, coil them-
selves up in an instant at the slightest alarm ; but each main stalk, instcad of being
surmounted only by a single bell, bears several branches equally irritable with itself,
and each terminating with a separate, and, to a certain extent, independent animal.
In the Epistylis nutans the stem is also branched; but here, instead of a flexible con-
tractile filament, we find a stiff bristle-like tube, at the extremity of which the creature
is situated. During its contraction it turns back with a sudden jerk, and hangs down
from the stalk as if broken.

In another curious gemus
(Ophrydium, Fig. 23), the
animals, instead of being
sapported freely upon a
stalk, are imbedded in the
subetance of a gelatinous
msass, from the surface of
whichthe anterior extremity
of each animal projects more
or less. The gelatinous
masses, in which the animal-
cules are thus imbedded,
may be met with of all sizes,
from that of a pea to that of
s small apple.

In some nearly allied
species forming the genus
Vaginicola (Fig. 24), the
body of each animal is in-

closed in a separate minute fons, 33, —Opbrydinm Versatile.
P - a, d, masses of ani'::alcules ; , animalcules in situ ; o, a single
horny sheath, within which animaicule highly magnitied. ¥

it can retract at pleasure.
In the Stentor, or Trwmpet animalcule (Fig. 25), which is also generally referred to
this family, the animal does not consist exactly of a bell supported upon a distinct
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stalk; its body is of a trumpet-shape, and adheres to its point of attachment by its

Fig. 24.—Vaginicola Crystallina, Fig. 25.—Stentor Mulleri.
850 diumeter, 75 diameter.

smaller extremity. The body in these animals is entirely covered with cilia, and the
creature generally possosses the power of retracting the elongated tail-like portion
by which it attaches itself to other objects, and swimming away in search of a new
habitation. Lastly, the Trichodine, or Urnanimaleules, are never attached to a stalk,
but generally swim about freely by means of the cilia with which the extremities of
their bodies are fringed.

The remaining families of the Infusoria present us with few points of interest at all
comparable to those exhibited in the history of the Porticellide, although éven in these
many curious and interesting forms occur. They may be divided into two great fami-
lics—the Trichodide and the Setifera. The former of theso contains all the mouth-
bearing Infusoria not belonging to either of the preceding families, in which motion is
entirely produced by the agency of cilia ; whilst the animals included in the second
possess, besides these, bristles or hooks adapted for climbing or creeping upon aquatic
plants.

The animals forming the first of these families exhibit a great diversity of form and
structure. In some tho surface of the body is naked, and the cilia aro confined to the
anterior extremity of the body, where they form & circlet surrounding the mouth.
They constitute the sub-family Enchelina. In these, the opening through which the
feecal matters are rejected is situated at the hinder extremity ; whilst in the Vortsoeld,
to which they present the greatest resemblance, the remains of the food are cast out,
cither through the mouth itself, or by an opening in the immediate neighbourhood of
the mouth. The anterior portion of the body is sometimes produced into a long flexible
neck, which the animal twists about in every dircction, and which appears to serve, in
some respects, as an aid in its motions.

A second sub-family, the Trachelina, is distinguished by having the whole or greater
part of the body covered with fine cilia, generally arranged in longitudinal series, of
which those surrounding the mouth are a little longer than the rest. The anal opening
is variable in its situation. The Paramecitm is an example of this group,
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In a third group we meet with a very singular apparatus, consisting of a cylinder
of fine horny fibres, which sur-
rounds the mouth (Fig. 26 ). The
food of the animal is seized by this
spparatus, and drawn gradually into
the cesophagus; an animalcule is
represented in this position at 4 in
the annexed figure. These form
the sub-family Nassulina.

In the last great family, the

Sstifora, we meet with a very sin-
gulsr modification of the ociliary
structure. In addition to the cilia,
which, as usual, surround the
mouth, the ventral surface, in theso
creatures, is furnished with a num-
ber of bristles or hooks, by means
of which they are enabled to run
or creep upon fixed objects in the
water.
Before quitting the consideration of the Protozoa, we must refer to a curious group
of minute parasitic creaturcs which appear to be more nearly allied to the Infusoria
than to any other class in the animal kingdom. These microscopic parasites, called
Gregarine, are found in a situation where, probably, few of our readers would dream of
tecking for such creatures. They inhabit-the intestines of the common garden worms,
insects, and many other members of the articulate division of animals, and are but
rarely to be met with in animals of any other group. These animals are generally of
a cylindrical or somewhat elliptical form, although sometimes a sort of head appears
to be produced by the constriction of the anterior extremity of the body (¢ d), and
this head-like portion is occasionally furnished with a curious soft process and lobes.
The body, in all cases, however, consists entirely of a sort of transparent homogeneous
cell, containing an albuminous fluid, in which & nucleus and a number of minute
granules may be observed. They are exceedingly sluggish in their movements, which
are effected by the contraction of the body, although a few possess true cilia, and
others are furnished with stiffer immoveable bairs.

Curious as the habitation selected by these creatures may appear, we shall find
something still more singular in the method appointed by the Creator for the continuance
of the race of these simple cells. It had long been known to naturalists that many
Gregarine consisted only of a single cell, whilst others appeared to be composed of two
separate complete cclls, each containing a nucleus. Upon this character, and the differences
in the forms of the cells thus united, many genera, and even families, have been esta-
blished amongst the Gregarine,—the authors describing these various forms no doubt
building high and flattering hopes of immortal reputation upon their microscopic
labours. But more recent observers have ruthlessly dashed these hopes to the ground,
by showing that these double cells, with all their diversity of form, only represent
different stages in tho history of the propagation of the simple animals. The mode of
reproduction which prevails here is one which we shall meet with in no other group of
animals ; although something very analogous takes place in some low forms of plants.

Pig. 26.—Chilodon Cucullus.
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It is effected in the following manner :—Two Gregarine become united by some part of
their bodies, and cling together so firmly that their separation appears to be impossible.
By degrees they lose their original form, until at length they constitute an oval mass,
slightly constricted in the middle, but still divided into two distinct cells by a transverse
partition. Now a transparent capsule is formed round the compound body, whilst the
two nuclei, which have hitherto retained their original appearance, gradually disappear,
and the bodies of the animals become converted into a number of granules. The
process of development continues within the capsule; the granules, or germs, become
smaller and more numerous; the partition between the two cclls finally disappears ; and
the mature sac either passes entire from the body of the animal in which it is contained,
or bursting within its intestine, allows the numerous germs to be evacuated at once.

So far careful and patient investigations have traced the history of these minute
parasites ; but the ulterior development of the germs, and the mode in which the young
Gregarine again find admittance into the bodies of their destined victims, are still
enveloped in mystery,

DrvisioN II.—RADIATA.

General Characters,—The animals arranged under this second division of the
animal kingdom, are generally distinguished by the radiate form of their bodies,—that
is to say, all the parts of which the creature is composed are arranged circulaily round
a common centre. In some instances, however, this radiate arrangement of the organs
is not readily recognizable, although in other respects the animals approach the true
radiate forms so closely, that it is difficult to place them in any other position.

In complexity of structure some of the lower forms of Radiata scarcely seem to
exceed the simple creatures belonging to the preceding division, consisting of a mere
bag or digestive cavity furnished with a few tentacula or feclers. Still, even in these, an
advance in organization is perceptible ; for although the substance of which they are
composed appears to differ but little from the sarcode of the Protozoa, they can never,
like these, be regarded as mere aggregations of cells, each capable of a scparate and
independent existence. But as we advance from these low forms towards the higher
classes, we find the complication of structure constantly on the increase : instead of a
membranous bag, either side of which will serve equally well as a skin or a stomach,
we soon find a marked distinction between the outer coat and the membrane lining the
digestive cavity; and this goes on increasing until in the highest forms (some star-fishes
and sea-urching), the former consists of a most complicated mosaic of calcarcous plates,
and the latter becomes converted into a long convoluted intestine, furnished sometimes
with a very curious masticating apparatus in the mouth, and with an anal opening for
the discharge of the refuse of digestion. The other organs of the body also partake of
the same advancement : a nervous and circulatory system, and a complicated system of
locomotive organs, gradually make their appearance; singular organs, supposed to be
organs of sense, occur in some forms; and the function of reproduction, which in the
lower forms appears to be principally executed by a plant-like budding and division of
the parental substance, is at last confined to certain organs exclusively appropriated to
that purpose.

The nervous system, when present, is still very imperfect, and almost rudimentary ;
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it partakes of the radiate arrangement of the body; and in its most perfect condition
consists of a ring of ganglia surrounding the mouth, and giving off nervous filaments to
each of the segments of which the body is composed. The organs which have been
regarded as special organs of sense, occur by no means universally; they will be
noticed in treating of the groups in which they are met with, A eystem of vesscls
exists in many of these animals; but it is only in the highest class that we find a dis-
tinct circulatory system, with a sac-like heart for the propulsion of the nutritive fluid.
In these also the function of respiration is sometimes assisted by a system of aquiferous
vessels, which serve to conduct the water to different parts of the body; but this is the
only trace of any special respiratory apparatus in the animals under consideration. In
the majority, respiration appears to be effected by the simple contact of the surface of
the animal with the circumambient fluid. The functions of reproduction and loco-
motion are performed in such very different modes in the different classes, that it will
be as well to leave their consideration till we come to treat of these subordinate
divisions,

A faculty which is possessed by most of the Radiata is that of emitting phos-
phorescence in the dark, especially when irritated or disturbed. Although they have
this power in common with some other groups of animals, it is to the gelatinous free-
swimming creatures of this class that the phenomenon, well known as the luminosity
of the sea, is principally to be attributed. This phenomenon, the occurrence of which
is by no means uncommon on our own coasts in calm weather, is exhibited in the
greatest splendour in the seas of warm climates. The whole surface of the ocean is
there suffused with a pale light, which acquires the greatest brilliancy when the water
is in any way disturbed. The passing ship leaves a brilliant illumination in its wake ;
the waves, in their gentle heavings, break into sparks and flashes of light ; the oars of
moving boats are seen dripping with living jewels when taken out of the water, and
each stroke produces a sparkling streak. This general luminosity is due to innumerable
minute animals, amongst which larger and more brilliant species may be seen swimming
in splendour, some like balls of living fire, others like waving bands of flame. The
majority of these creatures belong to this division, and principally to the class of
Discophora, well known to most of us as Medus® or jelly-fishes. In some localities the
Noctiluea, a singular little animal belonging to the class of Siphonophora, also plays an
important part in the production of this phenomenon. The phosphorescence is supposed
to be produced by the slimy fluid with which the bodies of these animals are generally
endued, and in which the urticating properties possessed by many of them also appear
to reside.

Divisions.—The Radiata may be divided into five classes; but their classification,
in spite of the great attention which has lately been paid to them, still remains involved
in considerable uncertainty. The first class, containing the polypes (PoLye1), consists
of animals of a more or less cylindrical form, which are generally attached by one
extremity to some solid submarine substance, and furnished at the other with an oral
opening surrounded by tentacles. Most of these are compound animals, constructing a
common horny or caloareous domicile ; each polype inhabiting a separate cell, within
which it can coatract itself at pleasure.

The second class, the DiscoPHORA, includes the animals well known as jelly-fish.
They consist of a more or less convex disc or umbrella (Fig. 27), at the centre of the
lower surface of which the mouth is situated, generally surrounded by four arms. The
animals swim freely in the watcr by the alternate contraction and expansion of the
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disc, the circumference of which is generally farnished with filiform tentacles of great
extensibility. The body is naked, gela-
tinous, and transparent.

The animals constituting the third class,
the CTENOPHORA, are, like the preceding,
of a gelatinous consistency and glassy
transparency ; but the body, instead of
being discoid, is generally more or less
ovate in its form (Fig. 28), and the snimals
swim by the action of a number of cilia
arranged in rows upon their surface. The
mouth is situated at the anterior extremity
of the body; and at the opposite end there
is an anal opening. Most of them possess
a pair of extremely extensible filiform ten-
tacles, which are generally concealed,
when not in action, in small cavities formed
in the substance of the body.

The fourth class, the SrrPHONOPHORA,
is composed of creatures, the structure of
which is still in many cases but little
known. Like the animals of the two
preceding classes, they swim freely in

Fig. 27.—Pelagia. the sea, and their bodies are also gela-
tinous and transparent ; they are generally
farnished with a peculiar cartilaginous support, and with closed air-bladders, which
serve as floats to maintain them at the surface of the ocean.
In the fifth and last class, the EcHINODERMATA, We find the
most highly organized forms of Radiata. These poseces a
coriaceous skin, in which a deposit of calcareous matter takes
place, often to such an extent as to form a shell inclosing all
the soft parts of the animal. They generally creep along the
bottom of the water, by means of a great number of tubular
suckers, which can be protruded at pleasure through openings
left in the plates of which the calcareous covering is composed.
The radiate arrangement of the parts is perhaps more distinctly
recognizable in some of these animals (the common star-fish, for g 93 craippe.
example) than in any other members of this division; it isin ;; tentacula; 8, mouth;
these only that any trace of a nervous system has becn dis- ¢ anal opening.
oovered.

Crass I.—Poryr1.

General Characters.—The class of Polypi includes a great number of animals,
most of which are of very simple construction. They are all aquatio in their mode of
life; and by far the greater number inhabit the sea, a very few only being found in
fresh water. Most of them live in societies of greater or lees extent, supported on a
common stock, or polypidom, which is sometimes horny, sometimes calcareous. The
little creatures are either imbedded in cavities, formed immediately in the substance of
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this support, or in a sort of flesh which sometimes incrusts it, or inclosed (as in the
borny polypidoms) in minute cups or tubes, from which the body can be protruded at
pleasure, and again retracted at the approach of danger, or during repose. These social
polypes are always of small size, although the structures produced by the united labours
of succeasive multitudes are often sufficient to produce important changes in the face of
nature. Many of the solitary species, however, attain a considerable magnitude.

The bodies of these animals are generally cylindrical in form, with a fringe of
tentacles, or arms, frequently consisting of a considerable number, surrounding the
suterior extremity, in the centre of which the mouth is situated. The mouth is the
only aperture of the digestivo cavity; it is quite destitute of any masticating ap-
paratus.

The skin in the compound polypes, which are able to retract themselves into firm
cells or tubes, is exceedingly soft and tender; but in the solitary species it frequently
acquires a leathery consistence, forming a closed sac, within which the more delicate
tentacles can be retracted at pleasure. In many cases the skin contains urticating
organs, consisting of minute transparent vesicles, from which long spiral threadsand a
caustic fluid are emitted, which cause a stinging sensation on coming in contact with
the skin.

Reproduction takes place in these animals both by means of ova, and by germina-
tion or budding. The sexes are always united in the same individual.

Dtvisions.—The Polypes are commonly divided into three orders. In the first, the
Hydrmda, the animals aro generally compound, and invested with a horny tubular polypi-
dom; the digestive cavity is excavated in the substance of the body without any proper
lining membrane ; and the reproductive organs are always external. In the second order,
the Asteroida, the polypes are always compound; the mouth is surrounded by eight
tentacles; the digestive cavity is lined with a membrane, and the ovules are produced
in the interior of the animal. The polypes in this order are imbedded in a more or
less fleshy mass, which is generally supported on a horny or calcareous axis. The
polypes of the third order, the Helianthoida, are single, and either possessed of a certain
power of locomotion, or imbedded in & calcareous polypidom. The mouth is generally
surrounded by a great number of tubular tentacles; the stomach is furnished with a
distinet lining, and the ovaries are internal.

Orper I.—HyDRrOIDA.

Genezal Characters.—It is in the polypes of this order that we find the nearest
approach to the preceding division. The body in these generally consists of a homoge-
neous aggregation of visicular granules, held together by a sort of glairy intercellular
substance, and capable of great extension and contraction; so that the creature can at
pleasure assume a great varicty of forms, extending its body and tentacles until the
latter become so fine as to be almost invisible, and again retracting itself until it
acquires the appearance of a small gelatinous mass. The tentacula which surround
the anterior extremity are irregular in number; they are capable of extension to a
very great length when seeking for prey; and on coming in contact with any object
floating through the water, they immediately twine round it, and convey it to the
mouth. In some genera the tentacles appear to be tubular, the internal cavity being
continuous with that of the stomach. To assist in the capture of living prey, their
surface is commonly roughened with a series of granules, which in some cases contain
a curious poisonous or urticating apparatus., The mouth, which is situated in the
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centre of the circle of tentacles leads directly into a simple digestive cavity, which is
not lined with any membrane.

By far the greater number of these animals live in societies of greater or less
extent, supported on, and protected by, branched horny polypidoms. These are often
exceedingly elegant in their form, and many of them are familiar to every sea-side
visitor—by whom, however, they are generally regarded as sea-weeds. They consist
of continuous horny tubes, generally with a jointed appearance, and bearing the little
cup-like cells occupied by the individual polypes along the sides and at the cxtremities
of the stem and branches. The cells communicate by a perforation at the bottom,
with the general tubular structure of the poly-
pidom, which is filled with a substance appa-
rently very analogous to that of which the
polypes are composed, and serving as a sort of
common bond of union between the many in-
dividual animals occupying the same stock.
This common medullary pulp, as it is called,
may in fact be regarded as the most important
portion of the compound polype; for it is by
the increase of this that the polypidom con-
tinues growing, and it appears to have the
power of producing new polypes, not only in
the fresh cells formed during growth, but also’
in those which have alrcady been occupied,
but which have been vacated by the death of
their former tenants. The growth of the poly-
pidom, according to Dr. Johnston, takes place
in the following manner :—¢ The ripe ovule
or bud discharged from its matrix settles and
fixes itself to the site of its future existence
by minute fibres, which pullulate from the

Fig.29.—LAOMEDEA GENICULATA. underside ; while from the opposite pole a pa-
5 ovari pillary cone shoots up to a height determined

, ovarian vesicles; ¢, polype extending ; the law which regulates the peculiar habit
% extended polypes. :g the species. The upward growth is then
arrested, and the apex becomes enlarged and bul-

bous. The structure of this rudimentary shoot is at first apparently homogeneous, but very
shortly the separation between the sheath and the interior pulp begins to bo defined, and is
made hourly more apparent by the pulp retreating inwards, becoming darker and more
concentrated. That portion of it, in the bulbous top of the shoot, goes on to further con-
densation and development ; and as it enlarges, so in proportion does the horny cuticle
that covers it expand apace, until it has gradually evolved into one or two cells, which
are still closed on all sides. The dark body of the polype is apparent through the thin
and transparent parietes; and from its superior disc there are now to be seen some
minute tubercles or knobs protruding, which becoming insensibly but steadily more
elongated, constitute the tentacula of the polype, now nearly ready for a more active
life. By an extension of development, or by a process of absorption not well under-
stood, the top of the cell is at length opened, the polype displays its organs abroad, and
begins the capture of its prey—for, unlike higher organisms, it is at this, the period of




THE HYDRA. 47

ite birth, as large and as perfect as it ever is at any subsequent period, the walls of the
cell having become indurated and unyielding, and setting a limit to any further increase
in bulk. The growth being thus hindered in that direction, the pulp, incessantly in-
creased by new supplies of nutriment from the polype, is constrained and forced into
its original direction; so that the extremities of the tube, which have remained soft
and pliant, are pushed onwards, the downward shoot becoming a root-like fibre, and the
upper continuing the polypidom, and swelling out as before, at stated intervals, into
cells, for the new development of other polypes.”—Brit. ZoopAytes, p. 9.

A curious sort of circulation takes place in these creatures. It consists in the
alternate ascent and descent of a fluid containing granules, within the tubular stem
and branches of the polypidom, sometimes stopping just below the base of the polype,
sometimes reaching to the very stomach of the creature. The cause of the motion of
this fluid is still unexplained; it starts from no fixed point, and has no fixed point
whence to return; there is nothing in the structure of the animals to throw any
light upon the subject, and the behaviour of the current itself, under artificial circum-
stances, only renders its explanation still more difficult. Thus Dr. Roget says :—*¢ If
the currents be designedly obstructed in any part of the stem, those in the branches go
on without interruption, and independently of the rest.” The object of the circula-
tion, however, appears, from Mr. Lister's experiments, to be exceedingly analogous to
that of the circulation of the blood in the higher animals.

In these, as in all other polypes, reproduction is effected both by budding or gemma-
tion and by ova. The former mode of propagation necessarily takes place in all the
compound polypes, as the formation of these numerous societies is dependent upon a
continual vegetative growth or budding of the common substance. In these the new
individuals thus produced remain constantly attached to the parent stock ; and the
process by which this increase is effected has already been described. In the simple
naked polypes the buds only continue connected with the parent until they are suffi-
ciently mature, when they are thrown off to enjoy an independent existence. The
mode of sexual reproduction varies greatly in the
different families, and will be best understood when
these come under consideration. We may observe
here, however, that the polypes of this order are dis-
tinguished from the rest of the class by having the
reproductive organs extermal; and as these are only
developed at certain seasons, these soophytes gene-
rally appear to be completely asczual; whilst in the
two other orders the ova are produced in intermal
ovaries, and these organs are constantly present.

Divisions.—The first family, Hydride, contains
only a single genus (Hydra) of polype, some of which
may be met with in almost every piece of stagnant or
slowly-running fresh water. They are usually attached
to some aquatic plant, and their most favourite station
is amongst the rootlets of the duckweed, so common
in all our ponds. The animal, when extended, con-
sists of a long gelatinous cylinder, attached by one
extremity to the sub-aquatis plnt. snd fumi-ll’:yed at Fig. 30.—Hydrs.
the other with very long tentacles, which it stretches about in the water in search of
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the minute animals on which it feeds. In a state of contraction it presents the
appearance of a mere gelatinous lump or button.

The tentacles, or feelers, are said to be tubular, and filled with an albuminous fluid.
They are furnished with a variable number of tubercles, arranged in a spiral manner
on the surface. These tubercles are beset with a number of spinigerous vesicles,
which serve as organs of touch, in the midst of which, at the apex of the
tubercle, a very singular organ of prehension is situated. Each spinigcrous vesicle
oonsists of two sacs, placed one within the other, with a emall cavity in the centre of
the inner one. At the point of contact of the two sacs is placed a long ciliary hair,
- which projects from the surface of the tentacle, The organ of prehension, which is
called the Aasta, consists of a sac opening at the surface of the tentacle, within which,
at the lower portion, is placed a saucer-shaped vesicle, supporting a minute ovate body,
which again bears a sharp calcareous piece called the sagitta, or arrow. This can be
pushed out at the pleasure of the animal,
serving to roughen the surface of the ten-
tacle, and afford a much firmer hold of its
living prey. Itis supposed that a poison
is also ejected at the same time, as animals
when scized by the hydra are observed
to die almost instantaneously. Muscular
bands are observed running through the
substance of the tentacles; some passing
from tubercle to tubcrcle, ,marking out
a scries of lozenge-shaped spaces, and
others running in a longitudinal direction
through the tentacle. Of these, the former
have been regarded as eztensor muscles,
the latter as adductors. But the action of
these muscles is apparently quite insuffi-
cient to explain the extraordinary exten-

Fig. 31.—Tentacles of Hydra. sibility of the tentacles, which, from a mere
a, tubercles ; b, hasta; o, d, spinigerous vesicles. tubercle, may be stretched out to the
length, in one species, of no less than
eight inches. “To produce this degree of elongation,” says Dr. Johnston, ‘it seems
necessary to have superadded the propulsive agency of a fluid. Water flows, let us
say by suction, into the stomach through the oral aperture, whence it is forced by the
vis d tergo, or drawn by capillary attraction into the canals of the tentaculs, and its
current outwards is sufficient to push before it the soft, yielding material of which
they are composed, until at last the resistance of the living parts suffices to arrest
the tiny flood ; or the tube has become too fine in its bore for the admission of water
attenuated to its smallest possible stream,—how inconceivably slender may indeed
be imagined ; but there is no thread fine encugh to equal it, seeing that the tentacula
of Hydra fusea in tension can be compared to nothing grosser than the scarce visible
filament of the gossamer’s web.”

The most wonderful portion of the history of the Hydra consists in its extraordi-
nary powers of propagation. The most usual mode in which reproduction takes place
is by a process of budding or gemmation, in which some portion of the substance
of the creature is pushed out into a small tubercle; this gradually becomes
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larger, and at length dcvelops a circle of tentacles from its upper extremity. The
young animal is then complete, but genarally remains attached to its parent for a short
time longer, stretching out its tentacles and taking food in precisely the same manner
as the old animal. Nor is it an unusual thing to behold the young one and the old
one struggling for, and gorging different ends of the same worm. Before the develop-
ment of tentacles on the young Hydra, and even after these have made their appear-
ance, a communication exists between the digestive cavity of the parent and that of
its offspring ; so that food given to either of them produccs more or less distension of
the bodies of both: This communication, however, appears to close some little time
before the separation of the young animal.

After the young one is thrown off there remains no mark to show whence it had
been protruded. In warm weather the young Hydre arc produced very rapidly, a
single polype sometimes bearing about as many as four young ones, depending from
various parts of the body. And no sooner is one of these thrown off than another
appears to take its place ; and, what is still more extraordinary, *the young ones them-
selves often breed others; and those others sometimes push out a third or fourth gene-
ration before the first fall off from the parent.”—(Baker.) According to Trembley, the
average number of young produced by a single Hydra grisea, in summer, is twenty per
month ; but as each of these would in a few days be surrounded by a numerous family
of children and grand-children, all as prolific as itself, it may readily be imagined that
the monthly progeny of one of these creatures will be exceedingly numerous.

This mode of reproduction is, however, confined to the summer months, A different
provision is necessary for continuing the species from year to year. For this purpose,
in autumn, the Hydrm produce small bodies, which have been called oviform grantles,
and which remain like seeds in the water, until the return of spring causcs them to
develop & new race of polypes. Little is known of the true nature of these bodies,
which are regarded by Ehrenberg as female or hermaphrodite polypes, deprived of
tentacula and loaded with ova, like the femule polypes, or ovigerous vesicles of the
following family.

Singular as are these natural modes of increase, they are surpassed by the very
curious phenomena presented by the artificial multiplication of the Hydra by the
mechanical divisivn of its substance. On this subject, Trembley of Geneva, who dis-
covered and described the singular properties of this creature about the year 1744,
spcaks as follows :—“ T have opened a polype on my hand, extended it, and cut the
simple skin of which it is formed in every direction ; I have reduced it to little pieces,
aud, in a manner, minced it. These littlo pieces of skin, both those which did and
those which did not possess arms, became perfect polypes.”

An operation which, to almost any other animal, would prove injurious or fatal, is thus
found, in the case of the Hydra, only to assist the propagation of the specics. Wounds
heal up with marvellous facility ; and by cutting the creatures in various directions,
the most extraordinary monsters may be produced. A tail deprived of its head will
produce a fresh ome in four or five days; whilst the amputated head forms a new tail
in about the same time. These singular facts were reccived, as may be supposed, at
the time of their discovery, with no little incredulity ; but the testimony of numerous
observers leaves no room to doubt of their corrrectness, and the animals themselves are
%0 common that any one may repeat the experiments of Tremblcy and Baker for his
own satisfaction.

We have devoted so much space to the reproduction of these curious creatures, that
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the remainder of their history must be dismissed in but few words. Although com.
monly found attached by their caudal extremity, they are capable of moving from place
to place with facility, somewhat in the manner of a leech, by attaching the anterior
extremity at some distance from the tail, then detaching the latter, and drawing the
body up into a loop, 80 as to bring the tail close up to the head. This motion is then
repeated ; and the Hydra thus advances by a series of steps, each of the length of its
body. It can also glide almost imperceptibly on its base, and not unfrequently floats
in the water, hanging from the surface by its caudal extremity.

The Hydrm are exceedingly voracious, and feed only on living animals. The larve
of insects, worms, and the minute crustaceous animals which swarm in all waters
constitute their principal food. Sometimes two polypes will seize upon the same worm,
when a dispute, of course, ensues, which occasionally ends in a very singular manner.
If the weaker of the two does not feel inclined to let alip a booty for which he has
perhaps been waiting with extended tentacles for several days, it sometimes happens
that each polype swallows the end which has fallen to his share, until at length the
worm being all gone, the mouths of the pair come into actual contact. They now find
themselves in a position of considerable difficulty, which is sometimes terminated by
the breaking of the worm ; but if this does not take place, the larger or stronger of the
two seizes upon his antagonist, and swallows him, worm and all. After & time the
swallowed polype emerges uninjured from his living tomb; the worm, however, is
gone. One of the most singular circumstances connected with the digestion of the
Hydra—a digestion which, as we have seen, is capablo of dissolving creatures of far
higher organization than itself—is, that the creature may actually be turned inside out
without any derangcment of its functions ; the old inner surface now acts the part of a
skin, whilst that which was the outer skin adapts itself without difficulty to the
performance of the work of digestion.

The polypes of the second family, the Sertularide, all live in societies, each polype
being inclosed in a sort of horny cup, supported on a branched polypidom of the same
consistence. The structure and mode of formation of these polypidoms, which are
amongst the most elegant productions of the ses, has already been described. Their
delicate arborescent forms are constantly to be seen attached to the sea-weeds left upon
the beach by the retiring waves. The
cups or cells containing the polypes are
sometimes placed at the extremity of
long stalks, sometimes arranged along
the sides of the stem and branches of the
polypidom; and the family has been
divided into two sub-families, in accord-
ance with these characters. The
Laomedea geniculata, of which a figure
has already been given, is an ex-
ample of the former mode of growth,
characteristic of the sub-family of
Campanularina ; in the second arrange-
ment, the cells are sometimes placed
along both sides of the tubular portion of the polypidom, sometimes only in a
single series along the upper or lower surface of the branches. These constitute
the sub-family Serfularina. In some instances the stem springs from a proper root, so

Fig. 32.—Part of Sertularia filicula. a, natural size ;
b, ma ed.
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that the zoopayte is isolated. In other cases the roots of the polypidom creep over the
surface of the object to which it is attached, frequently covering large pieces of sea-
weed with a complete network of minute horny fibres, from various portions of which
spring the delicate plant-like structures which support the active polypes.
Independently of the reproduction by gemimation, which is a necessary condition of

their existence as compound zoophytes, the propagation of these
polypee is effectod by the development at certainseasons of pecu-
liar cells, called ovigorous vesicles (Fig. 33), which are regarded
by some zoologists as fertile polypes. They are destitute of
tentacles and of digestive organs, and contain, when mature,
a number of minute ova; after the discharge of these the
vesicles fall off, and the soophytes sppear completely sex-
less. The ove, when discharged, are active, and swim freely
in the water for two or three days, when they fix upon a spot
for their further development, settle there, and shoot up into
a polypidom similar to that from which they derived their
existence. This freedom of motion in the ova, of all stationary
animals, is one of the admirable provisions of nature for
securing the due distribution of her productions through the
world of waters ; for as thess polypes in their mature state
are confined to a mingle loeality, it is evident that if their
ova merely dropped to the bottom of the water, more of them
would be developed in a single spot than could conveniently
exist there; the ova are consequently endowed with a
locomotive power, enabling them to emigrate to such a

Fig. 33. —Settulu-h pin
aa, ovlgerou vesicles.

distance from the parent stock, as to avoid all chanos of inconvenient crowding. The
forms of some of these active ova or germs, as

Radiata.

described by Sir John Dalycll and Professor Van
Beneden, remind one strongly of the creatures
forming the next class, a circumstance which, when
taken in connexion with the fact that many animals,
apparently belonging to the following family, are
found to be only stages in the reproduction of the
Meduse, affords a strong argument in favour of the
views of some zoologists, who remove all the polypes,
belonging to the present order, into a position more
in accordance with the intimate eonnexion which
appears to exist between them and these higher

The Tubrlaride, forming the third family of
hydroid polypes, are also for the most part social
animals, frequently possessing a polypidom, which,
however, when present, is of a much less firm con-
sistence than the horny framework of the Sertularida.

Pig. 84.—Fudendrium ramosum ~ The polypes are never entircly retractile within their
(magnified). tubes ; the upper extremity is enlarged into a clavate

head, surrounded by = variable number of tentacles.

The family is divided into two sub-families, the Tubulariade, in which the polypes
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are inclosed in a polypidom (Fig. 34) ; and the Corynide, in which they are naked, or
only furnished with a rudiment of a polypidom. The genera are founded on the
arrangement and form of the tentacles.

The fertile individuals, when they have been observed, are generally mere kmobs, in
which the tentacles are completely wanting; and it is supposed that they derive the
nourishment necessary for the performance of their reproductive functions from the
active barren polypes. One mode of propagation exhibited by these animals is that of
the production of what have been called by Professor Van Beneden, ‘free or motive
buds.” They are produced in little clusters of bulbs, which grow from the bascs of the
tentacles at certain scasons, and for a certain period, after exclusion, possess a considerable
power of locomotion. Sir J. G. Dalyell, in his account of Tubularia indivisa, informs us
that on quitting the parent the bud of this species develops some little tubercles, the
rudiments of the tentacles, from its under surface, and on these, as on so many feet,
move about the bottom of water. After a time it appears to select a position in which
to fix its permanent abode, when ¢ it reverses itself to the natural position, with the
tentacula upwards, and is then rooted permanently by a prominence, which is the
incipicent stalk, originating from the under part of the head. Gradual elongation of
the stalk afterwards continues to raise the head, and the formation of the zoophyte is
perfected.”” Other ovules undergo a certain degree of development whilst still inclosed
in the ovisac, and are excluded from this shelter in a form somewhat resembling that
of the common Hydra. They then fix themselves, and become gradually developed
into the form of the parent animal. Many polypes, apparently belonging to this
family, give origin, by a process of gemmation, to young Meduse, which again produce
ova, from which similar polypes are developed. The observation of this fact has given
rise to the theory of what is called the “ alternation of generations,”—a theory which
has heen applied by its originator, Stemstrup, to several other classes of animals.

Some of these polypes attain a considerable size; the Corymorpha nutans, one of the
most beautiful of the group, attains a length of four inches and a-half. Of the beauty
of its appearance, Messrs. Forbes and Goodsir, who discovered it in the British seas,
speak in the following terms :—* When placed in & vessel of sea-water, it presented
the appearance of a beautiful flower. Its head gracefully nodded (whence the appro-
priate specific appellation given it by Sars), bending the upper part of its stem. It
waved its long tentacula to and fro at pleasure, but seemed to have no power of con-
tracting them. It could not be regarded as by any means an apathetic animal, and its
beauty excited the admiration of all who saw it.” The general colour of the creaturc
is a delicate pink, with longitudinal lines of brownish or red dots. The tentacles aro
very numerous and long, and of a white colour; and the ovaries, which are situated
immediately above the circle of tentacles, are orange. Most of the Tubw/aride inhabit
the sca ; but one species, the Cordylophora lacustris, is found in the dock of the Grand
Canal, Dublin, in water which is perfectly fresh.

OrpER II.—ASTEROIDA.
General Characters.—The asteroid polypes are all compound animals, inhabiting
a polypidom, which consists of a fleshy external layer, supported upon a calcareous axis.
The polypes which are imbedded in this fleshy mass are furnished with eight flat
tentacles, placed in a single circle round the mouth, and not unfrequently toothed or
fringed on their margins. The outer integument consists of two membranes, which are
80 thin on the portion of the creature which can be protruded from its ccll as to permit
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the internal organs to be seen through them with ease. Towards the base of the body,
bowever, the outer of these membranes increases in thickness, and becomes continuous

with the common covering of the polypi-
dom, in which, in most of the asteroid
polypes, minute particles of carbonate
of lime are secreted, forming either spi-
cula or small granulated masses, which
give increased stability to the whole. The
inner membrane, retaining its delicacy of
texture, is continued through the cell of
the polype, lining this as well as the nu-
merous canals which penetrate in minute
ramifications to all parts of the poly-
pidom. The stomach is a distinct mem-
branous sac or tube, commencing imme-
distely within the mouth, occupying the
centre of the cylinder formed by the
outer integuments, with which it is con-
nected by eight membranous partitions,
which alternate with the bases of the
tentacles, and divide the space between
the walls of the stomach and the skin into
eight equal compartments. These parti-
tions are continued beyond the termi-
nation of the stomach in the form of
membranous plaits or folds, between
which some filamentous organs are to be
seen, which have been regarded by some

Fig. 35.—Red coral (Corallium rubrum).

zoologists as the ovaries. It appears, however, that the ova are produced from

Fig. 36.—Reproduction of

the inner surface of the
membrane lining the
canals of the polype
mass, and not in pecu-
liar organs set apart for
this purpose; conse-
quently, the true office
of the organs just men-
tioned, still remains un-
determined. The sto-
mach is perforated at its
termination, so that it
communicates with the
internal canals; but

1. Section of Alcyo

3 Aloy
nium, showing, a a, pol H
some containing ova. 2. A o&’d m;:'m’ Hg‘hl'y

b'b, canals cut across, the opening is capable
magnified. 6, ama- of being closed by means

ture egg ; 5, an ovule

of a circular muscle.

The ova first make their appearance in the form of little tubercles, which gradually
increase in height, and become narrowed at the base, until they form small seed-like
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bodies, adhering by & short stalk to the membrane from which they have arisen. In
process of time this stalk becomes abeorbed, and the eggs are set at liberty to commence
their further dévelopment. For this purposs, however, they must get out of their
prison,—an undertaking not altogether unattended with dificulty. The eggs gradually
work up to the base of the stomach, which, as we have already stated, is perforated
with a dilatable opening ; but the sphincter muscle, which acts the part of a porter at
this living door, appears occasionally to entertain some doubts of the propriety of
allowing the egress of the young fry, and the eggs are frequently repulsed from the
opening before they are permitted to effect a passage into the stomach. From this
cavity they are at last ejected into the open sea, where they swim about for a time
by means of cilia, in the full enjoyment of a freedom, which, however, is soon to
end.

Divisions.—This order of Zoophytes is divided into four families, from characters
derived from the nature of the polypidom. In the first, this consists of a series of
parallel tubes, each of which serves as a habitation. The tubeh are generally of a cal-
careous nature, and are united together by transverse partitions. This family is called
Tubiporide, from the name of its most typical genus, Tubipora ; of this only a single
species is known, the red “Organ coral” (Zubipora mwsios), inhabiting the Indian
Ocean, in which the polypidom is of a deep crimson colour, contrasting strongly with
the bright green of the living polypes.

In the family Adleyonida, one of the British members of which has received from
our flshermen the elegant appellations
of Cow’s paps, Dead man's toes, and Dead
man’s fingers, the polypidom is of a
spongy nature, and contains a multi-
tude of minute calcareous concretions
which serve to give firmness to the
fabric. When the polypes are oon-
tracted, the surface of the polypidom,
which is covered with a coriaceous
skin, is seen to bear numerous scattered
stellate marks, which, on examination,
are found to consist of eight rays corres-
ponding with the tentacula of the polypes
which are to be protruded from these
spots. The cells occupied by the polypes

Fig. 87.—Alcyonium. are placed at the terminations of canals

A, & portion enlarged, showing the polypes. which run through the polypidom,

and which, by their union with each
other, serve to maintain a communication between the individual polypes constituting
the mass. The rest of the polypidom is made up of a transparent gelatinous substance,
containing the calcareous spicula above mentioned, and pervaded by numerous small
fibres, which form a sort of irregular network. The Alyonide are always attached to
submarine bodies. The species already mentioned is exceedingly common round our
consts; 8o much so that, as Dr. Johnston says, “ scarce a shell or stone can be dredged
from the deep that does not serve as a support to one or more specimens.” It often
covers these objects with a simple crust of about an eighth of an inch in thickness, but
far more frequently rises up from the surface of attachment in conical or finger-shaped
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Iobes, from the varied forms of which it has obtained, in the vocabularies of our mari-
time population, the expressive, if not very refined, names already mentioned.®
One of the most remarkable species belonging to this family is the dleyonium pocsulum,
or Neptune’s cup, which is founduponthooonlmﬁmtheeasm Archipelago. The
polypidom of this zoophyte, which bears some ressmblance to a wine glass in form, is
sometimes as much as three feet in height, and eighteen inches in diameter at the
mouth.

In the Gorgonide, which constitute the third family of asteroid polypes, the calca-
reous matter when present, instead of being scattered in
the form of granules or spicula throughout the substance
of the polypidom, is collected into a solid central axis,
covered by the fleshy mass in which the polypes are
imbedded. The axis is sometimes calcareous, sometimes
horny, and in some curious forms it consists of a mixture
of both substances; as in the Jsis Aippuris, a species
inhabiting the Indian seas, the axis of which is formed
of a series of calcareous joints united together by horny
rings (Fig. 38). Most of the species possessing a horny
axis (Gorgonia, and allied genera) grow in a more or less
arborescent form ; but in some species, well known in a
dried state as “sea-fans,”” the longitudinal branches
are united at irregular intervals by a number of trans-
verse pieces, which are composed of a continuation of g, 38, —Part of axis of Isis
the horny axis, covered with the cortical substance, and hippuris.
bearing polypes exactly like the main stem and branches.

But there is one species belonging to this family, with the stony axis of which most
of ushave been acquainted from our earliest years, although it is probable that many are
still ignorant of its origin. This is the Corallium rubrum (Fig. 35), the animal which pro-
duces the common red coral, a substance of great beauty, and, at one time, of consider-
sble value. In Persia, China, and Japan, coral ornaments are still valued as highly
& gold, and large quantities of them are manufactured in Naples for the eastern mar-
kets. The zoophyte appears to be confined to the Mediterranean Sea, where it grows,
especially on the southern coasts, attached to rocks at considerable depths in the sca.
It is fished up from the deep by means of nets and other instruments, which, like many
other things in these early homes of civilization, have undergone little or no change
in their construction for many centuries. But the fishery is one of considerable import-
ance to the countries which carry it on; and a great number of the popular tales and
legends of the inhabitants of the south coast of Europe are connected with this favourite
employment. 8o completely ignorant were the older writers of the true nature of
coral, that some of them even referred i* w the mineral kingdom ; and even as lately
15 the middle of the last century, naturalists were in the habit of regarding coral as a
vegetable production. This opinion was further supported by the discovery of the
supposed ffowers of the plant, by an Italian naturalist, who gave the world an exceed-
ingly full description of their structure. So firmly had the helief in the vegetable
nature ofoonl taken root, in the minds even of scientific men in those days, that

* The pop f this species, the Alcyonium digitatum, in most ies, are derived from
s fingered appearance; the Prench oall it Maén de mer, or ‘“‘sea lmul," the Germans, Disbshand, or
“thiel’s hand,” and Fingerhork,

l
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when a surgeon of Marseilles, who had examined the zoophyte either with more care
or more judgment than his predecessors, found, to his astonishment, that the so-called
flowers were really animals, endowed with the power of voluntary motion, even
Reaumur, to whom he forwarded an account of his discovery, thought it advisable,
when communicating it to the Academy of Sciences in Paris, to conceal the name of
the discoverer, lest he should be exposed to the derision of his contemporaries—for that
learned body considered the statement so exceedingly improbable that it could not be
entertained for & moment.

Fig. 39.—Pennatula.
@, a single polype magnified.

The zoophytes of the three preceding families all grow attached by the base to
rocks or other submarine bodies; in those of the fourth family, the Pennatulide, on
the ocontrary, the polypidom is completely unattached, and they are only retained in
their proper position by the insertion of the lower portion into the sand or mud of the

bottom of the sea. The main stem of the

polypidom of these animals is fleshy,

but furnished with an internal bony axis,

which, however, does not reach to either

extremity of the stalk. The polypes are

not situated upon this portion, but upon

a series of lamellm, which stand out upon

each side of the stalk, giving the whole

creature, in some cases, the appearance

of a large quill-feather. It was formerly

supposed that these polypes swim by the

waving of the pinne to and fro in the

sea; and as some of them are most bril-

liantly phosphorescent, the beautiful

appearance which would be presented by

the motion of such a splendid undulating

meteor through the water may, perhaps,

be imagined. In the words of Dr. Grant,

Fig. 40.—Portion of Virgularia Mirabilis, magni- * 8 more singular and beautiful tacle
fied, showing the polypes. could scarcely be conceived M‘P?" that
of a deep purple Psnnatula phosphorea,

with all its delicate transparent polypi expanded, and emitting their beautiful phospho-
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rescent light, sailing through the still and dark abyss by the regular and synchronous
pulsations of the minute fringed arms of the whole polypi.” But, unfortunately for
this charming vision, all that we know of the habits of these creatures tends to show
that, althongh certainly not rooted to one spot like the other polypes, they are com-
pletely sedentary in their mode of life, remaining always in one place, with the base
of the central stalk buried in the soft bottom of the sea.

These soophytes vary considerably in form. In some cases, of which the Pennatuln,
or ‘‘sea-pen” already figured, may serve as an example, the central stalk is of moderate
length, whilst the pinnm are tolerably long, giving the creature so completely the
sppearance of a feather, that, to use the words of Lamarck, “it seems, in fact, as if
nature, in forming this compound animal, had endeavoured to copy the external form
of a bird's feather.” In some genera, Virgularia and Pavonaria, to which the name
of “sea-rushes” has been given, the central stem is very much prolonged, some of
them meesuring between three and four feet in length. The polypiferous lobes are
comparatively short.

Orper ITI.—HELIANTHOIDA.

Generl Characters.—Tho Helianthoid polypes, of which the common sea-
anemones, of our coasts, may serve as an example, approach much more closely in
their structure to the Asteroid than to the Hydroid polypes. In fact, it has been pro-
posed by some zoologists to confine the name of
polypes to the two former orders, removing the
last-mentioned group to another position amongst
the Radiata. Like the Asteroid polypes, the
animals forming the present order have a
stomach, consisting of a sac quite distinct
from the outer walls of the body; like them,
also, the space between the stomach and the
outer integuments is divided into cells, by mem-
branous or muscular partitions, upon which the
ova are produced. But, instead of eight fiat
fringed organs, the mouth is surrounded by a
variable number of tubular tentacles, which
are generally very numerous, and arranged in Fig. 41.—Actinia Mesembryanthemum.
multiples either of five or six; and the lamelle of the interparietal space follow the
same rule as to number.

Bome of them, as the Actinie, are free and naked; but the greater number secretc a
caleareous polypidom, which, however, differs widely from that of the preceding order.
Instead of the polypes being imbedded in a fleshy or leathery mass, supported on a
calcareous or horny axis, the cclls inhabited by the Helianthoid polypes are hollowed
out immediately in the stony polypidom ; the lamellz, which divide the space between
the outer skin and the stomach into compartments, being also supported by a calcarcous
plate; sothat when the polypes arc removed the cells still exhibit a radiate struc-
tare. The Actinie, one of the commonest species of which is represented in the
above figure, will furnish us with a very good idea of the individual polypes of this
order.

Theee animals generally consist of a cylindrical body, truncated or cut off at the two
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extremities ; the lower surface, which forms a flat disc, adheres, by means of a glutinous
secretion, to rocks or other submarine bodies ; whilst the upper is perforated in the
centre by the oral aperture, and furnished with a variable number of tentacles, which
in many species are exceedingly numerous, and tinged with the most vivid and delicate
colours. The skin of the sides of the animal is of a much firmer texture than that of
cither the oral or basal disc. At the upper edge it forms a sort of border, which com-
pletely conceals the more delicate tentacles during contraction, when the animal
presents the appearance of a conical lump of flesh, with a slight impression at the apex.
The stomach is a plaited membranous bag, which, when the animals are exceedingly
hungry, is not unfrequently turned completely out of the oral aperture in the form of a
semni-transparent bladder, constricted in various parts into lobes of greater or less extent.
‘When the stomach is protruded in this manner, some
small white filaments are often to be seen projecting
from an opening at the bottom of the sac; these have
been regarded as ovaries by some authors, but they
scem rather to be the male generative organs. The
space between the stomach and the outer walls of the
body is divided into compartments by a series of
muscular lamellm, by the action of which the various
changes in the form of the creature are effected. Many

Fig. 42.—Section of Actinia. of these lamelle do not reach the stomach ; so that
R O ery, O they form projecting leaflets, with s freo margin, upon

which the true ovaries are produced.

The extension of these animals is effected by the imbibition of water, either through
the mouth or the pores of the tentacles. This fills the interparietal space, and is forced
thence into the tentacles ; the little pores at their tips being kept closed until every part
of the creature is distended to the utmost, often presenting a most beautiful appear-
ance. The contraction of the walls of the body, and of the perpendicular lamells,
soon forces out this water, when the Actinia wishes to contract itself; the water passes
off through minute pores at the tips of the tentacula; and when the contraction is
sudden, it is sometimes ejected to a distance of a foot or more.

The ova of the Actinise, like those of other polypes, are active when first excluded.
For several days they swim freely about, by means of the cilia with which they are
furnished ; then fix themselves, and, after pessing through a series of changes, gradually
assume the likeness of the parent. In the Actinie the ova are frequently hatched, if
such a phrase may be allowed, within the chambers of the interparictal space ; and after
remaining in these cavities for some time, the young animals are ejected through the
mouth. The same circumstance may probably occur in other groups of Helianthoid
polypes; but these do not present themselves so readily to the continued observation of
naturalists.

The polypidom of the Helianthoid zoophytes is essentially a cast in carbonate of lime
of the structure of the animal. It is presented in its simplest form by the Fungie—a
group of corals in which the polypidom is inhabited only by a single polype. In these,
when the polype is very young, only a small number (generally six) of calcareous
lamellw are developed. As the animal increases in size, others are produced between
those first formed ; others again between these ; and so on, until at length the number
of these stony rays becomes quite extraordinary. The mode of formation of the com-
pound corals is very similar to that of the Fungi, except that in the former the increase
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of sise of each polype, and, of course, also of the cell which it inhabits, is restrained within
much narrower bounds,—the Fumgie growing

spparently for an indefinite period, and con- !

stantly increasing the sise of their polypidom "

by shooting out fresh rays ; so that the outline s

of the original cell is very soon entirely lost. 1

The arrangement of tho individual polypes, in " 3
the compound Heliamthoida, varies in the 2 13

different families, and the form of the coral
varies with it.

Humble as these creatures are, their opera-
tions occupy an important place in the history
of the globe. Islands—some of them of
considerable size, and affording a habita-
tion to an entire race of human beings—
owe their elevation (from the bottom of the
ocean, and the solidity which enables them
to resist the continual action of the tremen-
dous breakers of the tropical seas) to the Fig. 43.—Development of Fungia.
labours of these apparently contemptible
agents; and in the geological periods of the world’s history they appear to have played
even a still more important part.

Three kinds of coral-reefs are distinguished. Nearly all the shores of the seas
inhabited by the reef-building corals, which occupy a broad zone extending between
20’ and 30° of latitude on each side of the equator, are more or less fringed with their
living walls ; these are called skirting reefs. Other reefs are sometimes met with at a
much greater distance from the shore, although still, to a certain extent, running
parallel to its outlines. To these the name of darrier reefs has been given; the most
remarkable of them is the great reef which runs along the north-east coast of Australia.
The third form of reef is presented by a great number of the Polynesian islands. Many
of these are of & crescent-like form, or even sometimes completely circular, inclosing, as
within a wall, a basin of still water (called a lagoon), in which the more delicate marine
animals find a welcome refuge from the tumultuous waves which rage without. These
islands, which are called atolls or lagoon-recfs, are generally highest on the windward, or
eastern side, against which the waves are continually dashing with great violence ; the
polypes, from some cause still unexplained, building with greater rapidity on that
portion of the reef which is constantly exposed to the action of the breakers. On the
opposite or leeward side, the reef is seldom completed; so that at this part the lagoon
usually communucates with the open sea by an opening of variable width. As exposure
to the air appears quickly to be fatal to these polypes, they never raise their habita-
tions quite to the surface of the water, usually stopping at four or five feet below low-
water mark. It is evident, thercfore, that the living polypes can have nothing to do
with the final elevation of the coral islands above the level of the sea ; and we find that
this is due to the action of the very waves which appear to threaten the infant island
with destruction. The violence of the storm breaks off large fragments from the lower
parts of the reef, and washes them up to its surface, where they rest, and gradually
become agglutinated together by & constant deposit of calcareous sand, produced by the
disintegration of the coral. In course of time theso deposits rise above the surface,
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when some floating cocoa-nut is thrown upon the beech, and germinates in the sandy
soil. Things go on rapidly now. Birds visit the new-formed land; new species of
vegetation arise ; and cach plant, by the decay of its fallen leaves, assists in the forma-
tion of a layer of mould in which other plants may grow. Assisted by a tropical sun
and a moist atmosphere, vegetation becomes luxuriant; and the barren sandy spot, so
recently raised from the bosom of the ocean, is soon converted into one of the most
delightful abodes of man. The circular form assumed by these islands has led to the
assumption that the coral of which their foundations are composed has been reared either
upon the rim of the crater of some submerged volcano, or, when the islands are of
large size, upon a ridge of elevated ground surrounding a basin, like many that may be
met with upon the present earth. The principal difficulty, in the way of this supposition,
is, that the polypes are found never to build or live at greater depth than from 120 to 180
feet; and it is almost impossible to imagine that the volcanoes of the continent, which is
now submerged in the Pacific Ocean, were all so nearly of the same height, that their
summits would come within this distance of the surface of the water. An equal or still
greater difficulty presented itself in the case of the barrier reefs, to the most considerable of
which we have already rcferred. The great barrier reef of New Holland is more than
1000 miles in length ; for about 350 miles it is quite continuous; and it is evidently
impossible to admit that a chain of mountains is submerged in this place with summits
80 very uniform in height.

To solve this difficulty, a most ingenious hypothesis has been put forward by Mr.
Darwin. That gentleman considers that the observations made by him in the Pacific
and Indian Oceans justify him in asserting that the whole of the bottom of these scas
is undergoing considerable change of elevation; some portions of it gradually rising
(areas of elevation), and others as gradually subsiding (arcas of subsidence). The
following diagrams will show how these suppositions serve to explain the formation of

Fig. 44. Fig. 45

coral islands. In the first diagram, A represents the peak of an island, which may be
regarded as the summit of a submerged mountain. The coral polypes, labouring in
their accustomed vocation, would construct, at such a distance from the actual shore as
would furnish them with a suitable depth of water, a skirting reef, C. But the island
is not stationary ; it is sinking very slowly ; and, in process of time, we find that only
a small portion of the central peak is still above the water, whilst the corals have gone
on working so as to keep themselves always at the same, or nearly the same height;
although the reefs which they form, instead of being only a few hundred feet from the
shore of the island, are now at a distance, perhaps, of several miles. DBut matters go
still further: the subsidence still continues; the original island disappears beneath
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the waves; the deposition of débris upon the surface of the coral reef raise
it above the surface; and it becomes
a lagoon island, in the manner already
described. Few things in nature, per-
hape, can give us a more vivid perception
of the power of that Omnipotent Creator
at whose command these apparently in-

igni t creatures rear their stupendous
edifices from the deep. Some idea of the
number of architects required to produce
these vast results may be obtained from Fig. 46.

the following remarks of Mr. Dana’s :—

¢ Caloulating the number of polypes that are united in a single Astreea dome twelve
feet in diameter, each covering a square half-inch, we find it exceeding one hundred
thousand ; and in the Porites of the same dimensions, in which the animals are under a
line in breadth, the number exceeds five and a-half millions. There are, consequently,
five and a-half millions of mouths and stomachs to a single zoophyte, contributing
together to the growth of the mass.” From age to age, from the earliest periods to
which the study of fossils can carry the history of our planet, to the present time,
countless millions of these humble zoophytes have been ceaselessly toiling, separating
caloarecus matter from the waters of the ocean, and fixing it in a permanent and solid
form ; and immense beds of caloareous rock, in various parts of the world, bear witness
to their unceasing activity, perhaps even more than the coral islands of the recent
seas.

Like the greater number of radiated animals, the Helianthoid polypes possess
urticating organs, which consist of minute capsules imbedded in the skin, containing
a spicule, or a spiral thread, of great delicacy, and apparently, also, secreting an
acrid fluid of some sort, which exerts a poisonous action upon any soft living
tissues with which it may come in contact. The effect of this urticating power
is seen in the speedy death of small fishes, and other marine creatures, which tempt
their fate by straying carelessly amongst the tentacles of our common Actinie, several
of which produce a slight sensation of heat even in the human skin. One of these, in
fact, the Anthea cereus, is said to sting very severely.

Divisions.—In this, as in the preceding order, the characters of the families are
derived from the structure of the polypidom. In the first family (the Madreporide, or
¢ tree corals,”) the polypidom is much branched, and composed of a porous substance, in
which the openings of the polype cells occupy the summits of tubercular prominences of
greater or less elevation. These cells are generally almost round ; sometimes they are
nearly superficial, but in many cases reach nearly to the centre of the coral. The rays
are few in number, and rarely meet in the middle of the ccll. The polypes are usually
small, and possess only twelve short tentacles placed in a circle round the mouth.

The family of Cyathophyliide, or “ cup corals,” form polypidoms of a more or less
cup-like shape, with the cell occupied by the polype at the upper extremity. The
polypes are large, and furnished with many tentacles, and the rays of the cells are also
numerous., This family may be divided into two sub-families, according as the cell
occupied by the polype is divided or not from the lower portion of the polypidom by a
transverse partition. Species of both these groupe are found in deep water off the
British coasts.
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It is to the third family, the Astreide, especially that the formation of the coral
reefs is to be attributed. In this the corals
usually form thick stony masses; the stony
rays of the cells are exceedingly numerous, and
the cells themselves penetrate deeply into the
mass of the coral, although they are generally
partially divided by imperfect transverse par-
titions, Most of the zoophytes of this family
appear to increase by a sort of spontaneous
division, instead of by gemmation. By this means
the body of the polype, and the cavity which
it occupies, are in many cases not distinctly
circumscribed ; and the latter form curious,
elongated, winding depressions in the surface
of the coral. A very well known example of
this form is presented by the brain coral

‘ Fig. 47.—Astrea viridis. (Meandrina cerebriformis).
a a, expanded polypes; bb, polypes with- In the fourth family, the Fungida, to which
T heah thowing th ool ™ wo have already referred, the polypes are single,
and often attain a considerable size. The poly-
pidoms form oblang or roundish masses, furnished with an extraordinary number of
rays; the outermost of which project from the circumference without being confined
by any outer walls. The polype occupies the whole of this radisted edifice; it is
furnished with a tubular mouth in the centre, and with numerous short, round tentacles,
which are scattered over the upper surface.

The family Zoanthide consists of somewhat clavate polypes, presenting a considerable
resemblance in their general structure to the Aetimiz. They differ from these, how-
ever, in being social in their mode of life, a number of the polypes being united
by a common creeping stem, which
attaches them to some submarine
object, and from which new polypes
are produced at intervals as it runs
along. The mouth is surrounded by
a single row of tentacles.

We now come to the family of
Actiniade, or “sea anemones,” the
structure of which has already been
described. A considerable number
of these polypes occur on our own
coasts ; but it isin the seas of tropical
latitudes that they are to be found
in the greatest profusion, and presenting the most beautiful appearance. Ellis, in
speaking of our British species, says:—¢ Their tentacles being disposed in regular
circles, and tinged with a variety of bright lively colours, very nearly represent the
beautiful petals of some of our most elegantly fringed and radiated flowers, such as the
carnation, marygold, and anemone,”—and travellers describe the beauty of the tropical
species in still higher terms of admiration. Thus are the wonders of nature exhibited
in her minuest productions. A race of beings, comparatively unseen and unnoticed by

Fig. 48.—Zoanthus.
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the unobservant eye, presents all the beauty and perfection of mechanism which pre-
vails in the higher orders of the animal creation ; so truly has it been observed that
the wonders.of the microscope fully equal, if they do not actually surpass, those of the
telescope. Thus is everything, even in the very depths of the ocean, and however
minute, wisely adapted to the purposes of its being. The sea anemones attain a consi-
derable size; some of our common British species being as large as a good-sized apple.
They are far more active than the members of the preceding families, and enjoy a consi-
derable power of locomotion. They generally adhere by the lower surface to a rock or
some other submarine body ; one species, the Actinia parasitica, attaches itself to living
crabs, and the unfortunate crustacean may often be seen in vivaria crawling about '
vith & burden on his back nearly as big as himself. Locomotion is effected in various
ways: sometimes the animals creep along almost imperceptibly upon their base ; some-
times, but more rarcly, they reverse themseclves, and walk along on the tips of their
tentacles. Professor Forbes observed an Actinia ¢ walking up the sides of a glass, by
tlternately adhering with its disc and base, in the leech fashion.” The same dis-
tinguished naturalist met with an Actinia, in the Mediterranean, *which is habitually
free, and swims by contractions, in the manner of a Medusa.”—(Johnston, Brit. Zooph.
P- 235, note.) .

The tentacles are arranged cither in one or several rows. In some species they are
long and thin; in others, short and thick ; in most of them the tentacles and oral disc
can be retracted within the body; but in the genus 4nthea, of which two British species
are known, they are always exserted.

The Actiniadm are exceedingly voracious in their habits, feeding upon almost any
mmall animals that come within their reach. Shrimps and small crabs, whelks, and even
sometimes small fishes, fall a ready prey to these apparently helpless creatures. In
many cases the objects taken into their capacious maw appear to bear no proportion to
the original size of the animal, or to its power of prehension. Thus Mr. Cocks, of Fal-
mouth, found, in the stomach of a specimen of Antkea cereus, the remains of a fish four
inches and a-half in length ; and in other cases he met with crabs of two inches and a
quarter in diameter, in the same situation. Dr. Johnston also mentions a case which
was brought to his notice, in which an individual of Actinia crassicornis had swallowed
a valve of a scallop shell as large as a saucer. He says—*The shell, fixed within the
stomach, was 0 placed as to divide it completely into two halves; so that the body,
stretched tensely over, had become thin and flattened like a pancake. All communica-
tion between the inferior portion of the stomach and the mouth was, of course, pre-
vented ; yet, instead of emaciating and dying of an atrophy, the animal had: availed
itself of what undoubtedly had been a very untoward accident, to increase its enjoyments
and its chances of double fare. A new mouth, furnished with two rows of numerous
tentacula, was opened up on what had been the base, and led to the under stomach.
The individual had indeed become a sort of Siamese twin, but with greater intimacy
and extent in its unions.”” The objects swallowed as food are retained in the stomach
for about twelve hours, when the indigestible matters are returned through the mouth,
coated with a thick fluid, something like the white of an egg.

Although so much more complicated in their structure than the Hydra, whose ex-
traordinary history has already been detailed, these animals possess a nearly equal
power of surviving and repairing an amount of injury that would be fatal to most other
creatures, Dr. Johnston says :—* They may be kept without food for upwards of a
year; they may be immersed in water hot enough to blister the skin, or frozen in a
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mass of ice and again thawed; and they may be placed in the exhausted receiver of
the air pump, without being deprived of life, or disabled from resuming their usual
functions when placed in a favourable situation.” The most serious mutilations appear
to be equally subjects of perfect indifference to them; their tentacles may break off and
new ones will soon spring up in the place of those which have becn removed; the
whole upper part of the body may be cut away, and after a time the base will produce
a new mouth, oral disc, and tentacles, and proceed with its vital functions as if nothing
had happened to disturb the even tenour of its existence. Nay, it is said that if the
whole body be torn away, leaving only a portion of the base, this fragment will

. gradually produce a new creature.  Still less does the upper portion, when amputated
in this manner, lose any fraction of its vitality. On the contrary, as soon as it has
recovered from the shock naturally consequent upon such unceremonious treatment, it
resumes its former activity, stretching out its tentacles and capturing its prey,
apparently quite unconscious that it has no stomach to put it into,—for at first all the
food taken at the mouth passes out at the opposite end, *just as a man’s head, being
cut off, would let out at the neck the bit taken in at the mouth.” The Aectinia that
has undergone the operation of decapitation has, however, one great advantage over
the human subject who has been placed in the same predicament : this condition, which
is irremediable in the latter case, is only temporary in the more fortunate polype; and
just as the base develops a perfect oral surface in the place of that which it has lost,
the latter, when left to itself, soon closes up the awkward gap in its lower regions with
a new base, which retains the food in the digestive cavity, and adheres to submarine
objects as firmly as its predecessor. In one recorded case, the upper half, instead of produc-
ing a new base, actually developed a second mouth, with its complement of tentacles; so
that a double polype was produced, which captured its prey at both ends at the same
time. If the body be nearly divided perpendicularly, the two halves will unite again in
a few days; but if the section be complete, two perfect individuals are produced,—so
that a process which to most animals would be fatal, is here only a means of propaga-
tion. An instance of the tenacity of life of these creatures is related by Hughes in
his * Natural History of Barbadocs.” After describing the occurence in a rock-pool,
on the coast of that island, of some creatures resembling the common garden marygold,
which protruded themselves from holes in the rock, he says :—* Many people coming
to see these strange creatures, and occasioning some inconvenience to a person through
whose grounds they were obliged to pass, he resolved to destroy the objects of their
curiosity ; and, that he might do so effectually, caused all the holes out of which they
appeared to be carefully bored and drilled with an iron instrument ; so that we cannot
but suppose that their bodies must have been entirely crushed to a pulp; nevertheless,
they appeared in a few weeks from the very same places.”” ¢Yet these creatures,”
says Dr. Johnston, ¢ almost indestructible from mutilation and injury, may be killed
in a few short minutes by immersion in fresh water.”

Not only do the larger fishes and Crustacea retaliate upon the Actinize the war
which they wage with their weaker brethren, but even man in many cases finds these
zoophytes most delectable articles of food. By the Abbé Dicquemare, who many years
ago communicated some excellent observations upon these animals to the Royal
Society, they seem to have been regarded as great delicacies. ¢ Being boiled some
time in sea water,” says the Abbé, “they acquire & firm and palatable consistence, and
may then be eaten with any kind of sauce. They are of an inviting appearance, of a
light shivering texture, and of a soft white and reddish hue. heir smell is not unlike
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that of & warm cxab or lobster.” Mr, Gosse also bears testimony to their excellence ;
and an amusing account of his first culinary efforts upon them will be found in his
delightful volume on the natural history of the Devonshire coast.

The Lucernarida, which form the seventh and last family, have been arranged by
some authors with the Asteroid polypes, as, like these, they posscss eight tentacles, or
rather eight bundles of tentacles. They appear, however, to be more nearly allied to
the Actinie than to the Asteroid polypes ; and in some of their characters they approach
the Meduse, which titute the following class, so that in their natural position they
ought probably to be approximated, as nearly as possible, to those creatures. The Lucer-
narida, of which several species are found on the British coasts, are campanulate animals
of a gelatinous consistence, which generally adhere by a narrow stalk to sea-weeds or
other floating submarine bodies. The anterior widened extremity forms an oral disc,
which is either quadrangular or octangular in its form, the angles being more or less
produced into pedicles, which bear numerous short, knobbed tentacles. When the disc
is quadrangular, the pe-
dicles are forked at some
little distance from their
base ; so that there are
always eight tufts of
tentacles. They feed
upon any minute ani-
mals that may stray into
the neighbourhood of
their tentacles, which,
when leeki.ng for food, Fig. 49.—L ri tural sise.
are stretched out to their ¢ ’
full extent; but as soon as any unfortunate creature comes in contact with them,
they seize it, and fold it into the mouth immediately. Mr. Couch says that only
the tuft which has seized upon a prey is turned into the mouth, the others remaining
expanded and seeking for more. Although generally stationary, these creatures are
able to swim with considerable rapidity, by alternately contracting and dilating the
body. When moving in this way, they continue their contortions, according to
Mr. Couch, until *they meet with any obstruction, when they rest; and if the situa-
tion suits them, they fix themselves; if not, they move on in the same manner to some
other spot.” In moving about to short distances, as from place to place on the plant
to which they are attached, they adopt the same plan as the Hydre, bending down
their oral extremity until they can adhere by the tentacles, when * the footstalk is
loosened and thrown forward, and twirled about, till it meets with a place to suit it.
It is then fixed, and the tentacula are loosened, and in this way they move from one
spot to another. Sometimes they move like the Actinism, by a gliding motion of the
stalk.”—Such are the most active of the class of Polypes. We now proceed to a class
of animals which enjoy freedom of motion to a much greater extent.

Crass II.—Dr1scoPHORA.

General Characters.—In walking along the sea-beach, as the tide is falling, the
sttention of the wanderer is often attracted by the number of singular gelatinous masses
left on the sands. At first sight it would never be suspected that these are really living
animals, endowed with a structure of considerable complexity; but a very little exa-
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mination will soon show the observer that this is the case. If one of these lumps of
jelly be put into a clear pool or basin of sea-water, parts, before confounded in & shape-
less mass, immediately unfold themselves ; a circular umbrella-like disc, surrounded by
numeroas short fllamentous tentacles, appears to support the creatare at the surface of
the water; and from the centre
of this hang four long arms
with membranous fringed
margins. This is the Medusa
aurita (Fig. 60), the com-
monest Medusa of our coasts,
and must have been observed
by any one who has looked
into the water from a boat or
jetty in calm weather. In
the water the creature swims

Fig. 50.—Medusa aurita. along most gracefully by the
A, lateral view, showing the w?uclu hanging down; B, under alternate contraction and dila-
sariaee. tation of its transparent disc.

All the animals of this class present a structure very similar to this. They all
possess o disc of greater or less convexity, which is employed, in the manner already
described, for the purposes of locomotion ; and in most of them the margin of this disc
is furnished with tentacles or cirri. The disc, or umbrella, consists of two membranes,
of which the lower is called the sub-umbrella. In the centre of this the mouth is
situated, sometimes at the extremity of a peduncle of variable length, which contains
the stomach, and in some cases also the ovaries. The mouth is most frequently furnished
with tentacles. Some genera, although provided with a large peduncle or with tentacles,
are said to possess no mouth, the nourishment being absorbed through a number of small
pores scattered upon these organs, and communicating by minute tubes with the stomach,
which, as usual, is situated in the peduncle. Immediately above the stomach there is
frequently a second cavity, whence & system of vessels takes its rise; these run in &
radiating direction from the centre to the circumference of the sub-umbrella, where
they are united by a circular vessel. In some cases these vascular canals aro branched,
and sometimes they form a delicate net-
work, which runs through the wholo body ‘8 o
of the creature. When the supra-stomachal
cavity is wanting, the vessels open imme-
diately into the stomach itself. Theyserve
to convey the products of digestion from
the stomach to the various parts of the
body, and at the same time expose it to the
action of the water through which the ani-

mal moves. The tentacles which generally Fig. 51.—Margin of Oceania octons.
surround the moutk vary greatly in size o Mo‘m"g::f:-l ;tec','mooells.m; by otaito vest

and form; those of the margin are filiform

and very variable in length. At the base the marginal tentacles (Fig. 51) terminate ina
small bulb, in which the microscope reveals the existence of one or more minute caviticsy
which, from their structure, and supposed connexion with the faculty of hearing, bave
received the name of ofolitic vesicles (). They consist of an oval or roundish sac, €OR~

I
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taining from one to nine, or even more globules. In addition to these, the bases of the
muginal tentacles contain other organs, which also occur on other parts of the margin
of the disc. These consist of small masses of pigment cells, each surrounding a minute
dlicious crystal. From the analogy of their structure they are regarded as rudimentary
eyes, or at all events as organs by which a sensation analogous to vision is produced,
and they have consequently received the name of ocelli (¢). In many species they are
present in great numbers ; and in the more highly organized forms they are more com-
plicated in their structure, and protected from injury by membranous hoods or cover-
ings. Nevertheless, although the visual and auditory functions of these curious organs
wem to be admitted on all sides, the existence of any approach to a nervous system in
these creatures is still a matter of great doubt; so that if the ocelli and otolitic vesicles
really perform the parts assigned to them, the perceptions conveyed by them to the
timal must be of an exceedingly imperfect nature..

" The stinging power, which has already been referred to as common to several groups
of radiate animals, is possessed by many Meduse in the highest perfection. The urti-,
cating organs in Pelagia noctiluca, as described by Professor Wagner, are placed in warts
or tubercles on the skin of the animal. These warts contain aggregations of small red
pigment granules, amongst which there are numerous little round vesicles, the largest
being about 135 line in diameter. Within these little capsules a spiral thread is to be
seen, which bursts out of its case on the slightest pressure; these barbed capsules are
always found in the urticating mucus exuded in such quantities by the Meduse, to
which they are considered to communicate this property. One or two, at least, of our
British species sting most severely, although others are perfectly harmlcss. . Of the
Cyanea capillata—a species common on the British coast—Professor Forbes speaks as
follows :—* The Cyanea capillata of our scas is 8 most formidable creature, and the
terror of tender-skinned bathers. With its broad, tawny, festooned and scalloped disc,
often a full foot, or even more across, it flaps its way through the yiclding waters, and
drags after it a long train of riband-like arms and scemingly interminable tails, marking
its course when the body is far away from us. Once tangled in its trailing *hair,’
the unfortunate who has recklessly ventured across the graceful monster’s path too soon
writhes in prickly torture. Every struggle but binds the poisonous threads more firmly
round his body, and then there is no escape; for when the winder of the fatal net
finds his course impeded by the terrificd human wrestling in its coils, he, seeking no
combat with the mightier biped, casts loose his envenomed arms and swims away. The
amputated weapons, severed from their parent body, vent vengeance on the cause of
their destruction, and sting as fiercely as if their original proprietor itself gave the word
of attack.” This is a large species ; most of the smaller ones appear to possess no urti-
cating power, at least none capable of making an impression upon the human skin,
although the Abbé Dicquemare ¢ has stated that certain species of Ocsania sting, though
very slightly, and only when they come in contact with very sensitive parts, such as
the eyes.” Most of our readers will probably follow Professor Forbes’ example in
refraining from the repetition of the worthy Abbé’s experiment, preferring *‘ keeping
their eyes intact to poking Meduse into them.”. It is from this stinging power that the
Medusee have received the name of “ sea nettles,” which appears to have been applicd to
them in all ages and in all languages. The ancient Greeks called them AxaAngas, or
ncttles—a name which was adopted into modern scientific language to dcsignate the
class of animals to which the Meduse belonged.

v The class Acalephe, of authors, includes not only the animals of the present class,
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but also those of the two following ; and tho. whole present so few characters in commom,
that Eachseholtx, in his work upun this departent of the animal kingdum, was obliged
to confess that the Aoalsphe.could only be drscribed as radiated animmls, farnished withy
distinct organs of nutrition and motion. 'We have, soeordingly, preferred following the
example of some recent soologista, who hawe abulished the class Acakepha altogether,
and raised the three orders into which thoss animals were divided to the rank of distincs
classes. The phospharesoence of the Maduse has already been alludvd to; and we:shalk
not, therefore, recur to it in this place..

But the moet singular incidents in the biography of the Madusesare the siroumnstancex
oonnected with their reproduction. They are all propagated by cggs, which. the
females (for these animals are unisexual) produce in glandular organs, semstimes
arranged in bands or patches on the surface of the sub-umbrells, and sometimes im
cavities at the base of the peduncle. Bus.these ova, when essiuded from the body of
the parent, develop an animal quite different.in form from that from which they speang ;
and it is only in the second generation that the original Medwuss. is reproduced. The
eggs are developed, to a certain extent, in small peuches, placed beneath the body, and

" in the arms of the. mother, whenoo they are.not exsludad uatil they have acquired the

form of an active infusory animaleule (s in
the annexed figure), furnished with. cilis,
enabling them to swim freely in the. water,
After a timse, the littlo animal attaches
itself by one.extremity in some suitable posi.
tion (3), and awaits its further development,

VT

[ 4
Fig, 53.~Developmant of Modusa.

Arms are soon formed st its upper oxtremity (), and it now presents the appearanes and
takos its food in the manner of a Hydraform polypo. At this stage of its.growth buds
are often produced, just ss in a true Hydra (d). The body now increases considersbly
in length, and becomes conetricted, or divided by wrinkles of the surface inte numerous

. segments () ; these become more and more distinct, their odges become notched, and

at length the animal rescmbles a pile of jogged eancers placed one upon snother, and
surmounted by a crown of tentacles (f). At length these scparate (), and swim about
like little Meduse ; and, after underguing some clhanges, they asequire the form and

- colouring of the common Medusa anvita of our cossts. 8o completely do what for

want of a better term we must call tho preparstory states of these snimals, ressmble
Hydfoid polypes, that their conncxion with the Afedwee has valy beon quite recently

discovercd ; and the species just referred to has beem duscribed undor the name of Ziydre
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fwde. Amengst the smaller Mediss, a somewhat different mode, or ratliera modifioation
of the former method of roproduction, prevails. In theee, as im the larger species, the
ova, when cxeluded, produce po-
lypes, from which animels resem-
bling the parent arisc by & procees
of germination; but instead of
the young Medusa being produced
by the division of the whole sub-
stance of the polype into a series
of superposed cups, they spring
from its body like truo buds, which
gradually become perfect Modusi-
form animals (Fig. 63). Theystand
in much the samg relativa to the:
polype stock, frontwhich they are
produced, as the flower to its parent-
plant; and if we imagine a plant.
in which the flowers, when fully
formed, are cast off to perfect their,
soed, whilst floating in the medium Fig. 83.—Development of Sarsia.

which swrounds them, we shall 1. Polypes desc-ibed as Syneoryne, natural size.
obtain & very good idea of the % A polvpe, muknifed. o poirpe sem: b cdel
mode of development of these the poiype.

emall Medusa. The polype-stages 3. Free Meduse of the geaus Sarsis.

of these animals resemble the

Tubulsrian and Sertularian polypes: From these circumstances, some goologists have
proposed the removal of the whule of the Hydroid polypes into the present class, of
which many of them are certuinly only stages of dcvelopment. Opinions are still so
much divided, huwever, as to the 1rue affinities of these animals, that we have preferred
leaving the Hydroid polypes in their old position to placing them where few of our
roaders would think of leuking for them,

These fscts have lud to the establishment of the theory of the * alternation of gene-
setivns.”  Steenstrup, who was the first naturalist to put fosward this ides, as a
“ geneval foot depondent on o law,” defines it as follows :—* Tne fundamental ilea
expressed by the words Alternation of geverntions,” is * the remarkable and till now
imexplicable phenomenon of an snimal producing an offspring, which' at no time resem-
bles its parent; but which, on the other hand, itself brings forth a progeny which
returns in its form and nature to the parcnt animal, so that the maternal animal docs
' not mect with its resemblance in its own brood, but in its d dants of the d,
third, or fourth degree of generation. And this always takes place in the diiferent
smimals which exhibit the phenomena in a determinante gencration, or with the inter-
wvention of a delersminate number of generations. ‘This remarkutle p) eredesce of cne or
mewe generatiuns, whose function it is, as it were, to prerare the way for the later
sucoceding generation of animals destined to attain a higher degree of perfection, and
which srv developed into the forny of the mother, and propagate the specics by means
of ova, can, I believe, be demonstrated in not a few instances in the animal kingdom.”

Whilst admitting the general correctnese of these ideas, which he considers have
“ given a strong impulse in the right direction to Invertebrate Zool gy,” Professor
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Forbes says, “ the assumption of definite regularity in the alternations is a secondary
and non-essential one, and true, probably, when disturbing conditions are not at work.
But numerous observations . . . show that under peculiar circumst , in what may
be called unnatural situations, the polype generations may go on continually producing
polype generations; and those of Sars and myself, on the other hand, that a Medusa
generation may go on producing Medusa generations ; although, under normal condi-
tions in each instance, there is every rcason to suppose that zoophytic and Medusa
forms would have regularly alternated.” At least four British species of Medusa (two
of Lizsia and two of Sarsia) have the power of producing young animals by direct
gemmation, and their development from a zoophytic form has not yet been observed.
In Liseia and Sarsia gemmifera the buds are produced from the stomachal peduncles ; but
in the other species of Sarsia (8. prolifera) they originate from the bulbs at the base of
the tentacles, where they may be seen attached in all stages of development. * What
strange and wondrous changes!” says Professor Forbes, after detailing his observations
upon the last-mentioned minute Medusa. ¢ Fancy an elephant, with a number of
little elephants sprouting from his shoulders and thighs, bunches of tusked monsters
hanging, epaulette-fashion, from his flanks, in every stage of advancement! Here a
young pachyderm, al-
- most amorphous; there
one more advanced, but
all cars and eyes; on the
right shoulder a youthful
Chuny, with head, trunk,
toes, no legs, and ashape-
less body; on the left, an
infant better grown and
struggling to get away,
but his tail not suffici-
ently organized as yet to
permit of liberty and free
Fig. 54.—Development of Sarsia. action! The comparison

1. Sarsia duncle, with buds in various stages of secems grotesque and ab-

gemmifera. a, the p
development. 2. The base of the tentacle of Sursia prolifera. a, . . ;
tentacle ; , ocelius ; o ¢ ¢, young buds; 6, a nearly mature bud. = Surd; but it really ex-

presses what we have
been describing as actually occurring among our naked-eyed Meduse. It is true that
the latter are minute; but wonders are not the less wonderful for being packed into
small compass.”

‘Wonderfully beautiful as are these creatures in form and colour, the amount
of solid matter contained in their tissues is incredibly small. The greater part of their
substance appears to consist of a fluid, differing little, if at all, from the sea-water in-
which the animal swims ; and when this is drained away, so extreme is the tenuity of
the membranes which contained it, that the dried residue of a  jelly fish,” weighing
two pounds, which was examined by Professor Owen, weighed only thirty grains.-
Yet these creatures are capable of executing movements with considerable vivacity,—
their disc contracts and dilates alternately by the action of a band of what must be-
regarded as a muscular tissue,—their tentacles are capable of seizing upon and de-.
stroying, by a subtle venom, animals of far more complicated structure than themsclves,
and their delicate stomachs have the power of speedily digesting the victim. In fact,
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in gpite of the extreme delicacy of their texture, the Modus®e are amongst the most
varacious inhabitants of the ocean. Small fishes, and Crustacea, and all the infinite
multitude of minute marine creatures, are seized and paralyzed by their deadly arms;
and as the mouth and stomach are capable of almost indefinite dilatation, the size of
their prey often appears exceedingly disproportionate. Of the voracity of one of the
most delicate and beautiful of the small Meduse inhabiting the British shares, the
8arsia tubulosa, a little creature of the size and shape of a very small child’s thimble,
Professor Forbes speaks of as follows :— ¢ Being kept in a jar of salt water with small
Crustacea, they devoured these animals, so much more highly organized than them-
selves, voraciously ; apparently enjoying the destruction of the unfortunate members
of the upper classes with a truly democratic relish. One of them even attacked and
commenced the swallowing of a Lissia octopunctata, quite as good a Medusa as itself.
An animal which can pout out its mouth twice the length of its body, and stretch its
stomach to corresponding dimensions, must, indeed, be ¢ a triton among the minnows,’
and a very terrific one too.” Mr. Peach has described, in the ‘ Annals of Natural
History,” & case in which a specimen of Thawmantias lucifera had seized the head of a
Ssgittn, & very active molluscous animal, and suffered itself to be turned completely
inside out rather than let go its hold.

Divisions.—Much still remains to be done to the subordinate classification of these
animals. Prof. Forbes divides the Meduse into two great divisions, which we shall adopt
asorders. In the first of these,
the ocelli, or eye-like spots,
surrounding the margin of the
disc are naked (Fig. 65, 1);
whilst in the others these or-
gans are protected by more or
lem complicated membranous
hoods or lobed coverings (Fig.

55,2). Hence the former are 2
called Gymnmophthaimata (or
naked-eyed), the latter Stegan-
ophthalmata (or covered-eyed).
In the former the ocelli, when
present, are always placed on

Fig. 55.—Ocelli of Medusem.
:mb‘;::' :d tz:ql‘:: u;f:;: 1. Barsia tupuloss. . 2. Pelagia panopyra.

on the interstices between these. In the second group, on the contrary, they are always
placed between the marginal tentacles.

OBDER 1.—GYMNOPHTHALMATA.

General Characters.—In addition to the simplicity in the structure of the
ooelli, we find that it is characterized by a similar simplicity in the arrangement of the
vascular system. The vessels running from the stomach to the margin of the disc are
either perfectly simple, forming so many straight bands, dividing the body of the animal
into from four to eight perpendicular segments, or merely branched 'at some distance
from their origin; each branch, however, running directly to the margin without uniting
in any way with its fellows. The diso in some species is considerably depressed ; in
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éthers, asud indoed in the majority, it is more globular, or even semewhat oylindrical in
its orm. The tentacios and ocelli are oftcn very numerous, although no more than
four of each exist in some spocies. The animals ef this order are further characterized

86.—Modeeria formosa.

by their mode of reprodustion, as they are all, as
far as ‘we know at present, produced by actual
gemmation from Tubularian and Bertularian
polypes.

Divisions.—Professor Forbes, in his work
upon the British species of this order, to which
we are so largely indebted, divides this group
into six families, characterized principally by the
number and position of the vessels and ovaries. The
first of these, the Sareidm, includes, together with
several other genera, the Sarsie and Liszie, already
mentiosed as preducing young Meduse by gem-
mation from their central peduncle and from the
base of the marginal tentacles. In these the ova-
ries are imbedded in the substance of the peduacle.
They bave four simple vessels, and gemerslly
only four tentacles, each bearing an ocollus at their
base. In Limia, the margin of the umbrella bears
eight bulbs, each containing an ocellus; of these,
four are larger than the others, and to each of
these three tentacles are attached ; the other four
bear two tentacles each. In Modesria, although
there are but four tentacles, an additional ocellus

is placed between each pair. The Modecria formosa, of which we have given a figure,

is one of the most charming of these charming littlo creatures.
In the second family, the Geryonide, the vessels are also simplo and four in number;

but the ovaries, of which there are also four,
instead of being imbedded in the peduncle are
placed in the course of the vessels on the sub-
umbrella. The tentacles vary greatly in num-
ber. In some species there are only four of
these organs, each bearing an ocellus; in others
the number of both organs is increased, until
in the Thaumantias pilossila, of which a magni-
fled figure is here given, there are about a
hundred principal extensible tentacles, spring-
ing from ocelliferous bulbs ; whilst in each of
the intervals betwecn the: e, six or seven shorter

Fig. 57.—Thaumantias pilosella,

fibres or sccondary tentacles are placed  Different species of ZFhimnontiss are smost
impartant sgents in producing the luminosity of the European seas.

The third family, Circeida, includes only e single gemus, of which the few species are
acattered over very distant parts of the world. One is found on the coast of Kamtschatka,
two on the African coasts, and a fourth has been discovered by Professor Forbes off the
Shetland Isles. In this there are eight rediating vessels, and eight smal ovaries
placed an the sub-umbrella in the course of the vessels
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In the Bywride, amongst which are included wome of the largest species of naked-
oyod Medoem, the vessels are simple and generally mumerous (ncver less than eight);
and the.ovaries are linear, and placed on the ovurse of the ves-
ok on the sub-umbrella. ‘I'wo DBritish spesies of this family
wre deseribed and Rgured by Professor Forbes ; bat the species
e more numnerous in warmer latitudes.

The ‘Meduss, cumposing the ifth family (the Oceanida, Fig.
68), are amongst the most delicste and beautiful of the class.
They consist of alittle conical or globular glassy body, within
which a variously coloured peduncle may be seen. The lower
margin is fringed with tentacles which vary greatly both in num-
ber and colour. They posseas four simple vessels; and the ovaries
are placed in the upper part of the stomachal peduncle, in the form
of convoluted membranous tubes, which render themselves
noticeable through the clear substance of the animal by their
brilliant colour. In Twrris, one of the genera of this family,
the tentacles sre exceedingly mumerous; whilst in another
genus (Saphenia), their number is reduced to two.

The sixth family, IFillside, is distinguished from all the
rest by the branched form of the ra.iating vessels. These are
six in number. After runming some little distance from the
centre of the sub-umbrella, they fork ; and each of the branches
again forks befove reaching the margin ; so that the marginal
vessel receives the terminstions of twenty-four radiating ves-
sels.  From the point of junction of each of these, a tentacle
tekes its rise. There are rix ovaries placed round the base of
the stomach. o

Ooeanta eplecopalis.
Ozxan J1.—STBGANOPHTHABMATA.

@General Characters.—The Meduem of this order are distinguished from those
belonging to the preceding by several other characters besides those already described.
The vessels, imstead of ramming straight from the cetrtre to the circumference of the disc,
are variously branched, and their branches unite, more or less, with each other before
resching the margin. The margin of the disc is divided into eight principal segments
by a similar number of notches, in each of which an ocellus is placed. The intervals
between these notches are also frequently notched once, twice, or even more frequently ;
and from these points the tentacles generally take their rise. The generative organs
are attached to the base of the peduncle, where this exists, or placed around the base of
central tentacles where the peduncle is wanting. But few observations have been
made upon the development’of these animals; those whose progress has been traced are
found to be produced by the spontaneous transverse division of a Hydraform polype,
which itself has arisen from the egg of the parent Medusa (Fig. 62, p. 2562). Many of
these animals attain a gigantic stature, when compared with the minute and delicate
creatures of the preoedmg order; the Rhizostoma Cwvieri, a British species, measuring
two feet, or even more, in dmmetor whilst same of the inhabitants of tropical seas are
naid to attain a still larger size, In calm weather they often swim, close to the surface
of the sea, in such multitudes as to impede the motion of a boat through the water.
Buch a fleet as this, scen with the sun shining strongly upon them, is a magnificent
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spectacle, from the beautiful iridescence with which the sunlight is reflected to the eye

of the beholder. With the approach of night this scene of beauty only gives place to
another; for these Mcduss are as Juminous in the dark as their smaller brethren.

Divisions,—This order includes two families. The Meduside have a central mouth,

surrounded by four tentacles, and the remainder of

their organs arranged in fours, or multiples of four.

The margin of the disc is also generally furnished

with tentacles. Several of these inhabit the British

seas. The Medusa aurita, already figured (p. 250),

the Pelagia cyanella, of which the annexed (Fig. 69)

Fig. 60.—Rhizostoma.

is a representation, and the Cyanea capillata, the aocount of whose urticating powers
we have given in the words of Professor Forbes, may serve as examples.

In the second family, the Rhizostomide, there is no apparent mouth, and the animal
is said to derive its nourishment by a species of absorption through numerous minute
canals which permeate the stomachal peduncle and tentacles. The latter are usually
branched, g0 as to be apparently rather numerous at the extremities. The margin is
never furnished with tentacles. One species of this family, the Rhizostoma Cuviers (Fig.
60), is found on the British coasts.

Crass III.—CTENOPHORA.

General Characters.—We now come to a class of animals, the real nature of
which is still to be made out. They are gelatinous transparent creatures, generally of
an oval form, enabled to swim freely by the action of variously arranged rows of cilia.
The body of these animals has so much more of the bilateral than of the radiate
type in the arrangement of its parts, that their place amongst the Radiata has been
disputed; and M. Vogt has placed them in the neighbourhood of the Bryozes, or
Molluscoid Zoophytes, as low forms of Mollusca. The radiate arrangement of the
bands of cilia in most cases, and still more the presence of urticating organs in the
tentacles, may justify our retaining them for the present in this position.

The cilia in the bands aro arranged in transverse lines, and the cilia of each line are
frequently united at the base, so as to form minute lodes, which are moved rapidly to
and fro, and thus enable the creature to swim backwards and forwards, or in any other
direction, at pleasure. Numerous and minute as these organs are, each of them appears
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to be individually under the control of the animal. When in action they produce the
most beautiful iridescent colours, so that it is easy to detect the means by which the
creature varies its course,~now paddling with one, and now with another, of its mimic
wheels. The mouth leeds sometimes immediately, sometimes through a narrow canal,
into a large stomach, which opens again into a funnel-shaped cavity at the opposite
extremity of the axis of the body. In the neighbourhood of the mouth there is gene-
rally a pair of very long, branched tentacles, capable, however, of being contracted to
an extraordinary extent; these, when contracted, are usually received into a pair of
cavities or sheathes, placed close to the stomach, where they lie coiled up, until again
wanted for the capture of prey. The rudiment of a nervous system, consisting of a
single ganglion, giving off a few branches in various directions, is said to exist in theee
animals; and a sort of vascular system,
spparently for the conveyance of
water, rising from the anal funnel,
runs along the course of the bands of
cilia. The vessels are lined with a
ciliated epithelium, and are probably
to be regarded as respiratory organs.
The mode of reproduction of the Cteno-
phora is still enveloped in mystery.
They are supposed to be hermaphro-
dites, and ova have been found in the
neighbourhood of the aquiferous ves-
sels; but where these are produced is
not yet ascertained. These singular
tnimals form but one order, which is
divided into two families.

The Beroide, which form the first
family, may almost be said to possess
no true stomach, the body being so
formed as to inclose a great cavity, of
which the hinder portion serves as a
digestive organ. When the animals
bave much food in this cavity, they constrict the middle of the body so as to prevent
any of it from escaping. The body is oval or
roundish, with eight rows of cilia running from end
to end of the body (Fig. 61). The mouth is large
and opens and shuts with facility ; it is generally
held open when the creature is in motion. The
tentacles are wanting in this family.

The Callianiride are distinguished from the
preceding family by the small size of the stomach
and mouth, and by its possession of filamentous ten-
tacles. The little Oydippe, already figured (p. 228,
Fig. 23), which is common in the British seas, is a

3 example of this group. The most singnlar of
Tig. 62.—Cestum Veneris. é‘f.’f. animals is the Cestum Veneris, or girdle of
Venus (Fig. 62), which inhabits the Mediterranean, and which at first sight would be
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taken for anything rather than a near reletion of the little globular Cydippe. In this
curious creature the sides of the body are produced into a lung ribbon, which seme-
times attains the length of four or flve feet; the mouth and digestive organs being,
however, confined to their original position in the middle of the body. This animal is
one of the most beautiful inhabitants of the ocean. When in motivn its waving cilia,
which are placed along all the margins of the body, glitter with -all the tints of the
rainbow ; and at night it appears like a long waving flame in the water.

Crass IV.—BiPHONOPHORA.

The Siphonophora form another group of animals, of which we have still much to
learn before their true natue and relations can be ascertained ; and it is probable that,
as our knowledge of them increases, it will be found impossible to include them all in
the same class. They are divided into two orders—the Chondrograda and Physograda.

OrpER I.—CHONDROGRADA,

These animals are called Chondrograda from the circumstance that the circular ar
oval disc, of which their body is composed, is supported upon a somewhat cartilagineus
plate, which sometimes even cuntains a calcareous deposit ; the lower surface of this
disc is furnished with cirri, many of which are tubular. The cartilaginous plate is
somewhat cellular in its texture, and the cells are filled with air, which assists the
animal in floating on the surface of the water. In the middle of the lower surface of
the disc there is a larger tubular, tentacle-like organ, which has becn taken for the
mouth by some observers; by others, for the orifice of the aguiferous system. This
central opening is surrounded by many smaller ones, the officcs of which are as
uncertain as those of the principal tube. Many of these creatures are exceedingly

beautiful, blue being their pre-
vailing colour. In Porpita, one
species of which is found in the
Mediterranean, the disc is sur-
rounded by a beautiful fringe of
tentacles ; but the most remark-
able structure is prosented by
the Velella (Fig. 63), in which
an oblique upright crest is de-
veloped upon the upper surface
of the disc, serving as a sort
of sail to waft the little mariner
from place to place. One spe-

Fig. 63.—Velella. cies of this genus is found on the
coasts of Ireland.

OrpER II.—PHYS0GRADA.
The characteristic of the animals forming this order is, that they are furnished with
a vesicular organ containing air, which serves as a float to buoy them up in the water.
They are divided into two families. In the first, the Physalide, the animals are com-
posed of large vesioular gelatinous bodies, bearing on their lower surface a quantity of
vermiform tentatles and suckers, intermixed with filiform tentacles of grest length.
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The float consists of two bladders, placed one within the other; the inner one is com-
pletely closed, and filled with air; the ouser possesses a crest at its upper part, which
werves, like the sail of Velella, for its propulsion whilst floating at the surface of the
vater. The tentacles can also be retracted within this outer bladder at the pleasure of
the snimal. The best known of these animals is the PAysalia atlantios, which hes
received from our sailors the name of the Portuguese Man-of-War. They swim in great
crowds at the surface of the water, and possess a very strong urticating power.

The eniwals forming the secund family, the JlipAy/da, are compound creatures,
whose structure has always been a fertile source of diseussion amongst naturalista,
They have recently formed the subject of several exccllent papers from the pen of
Mr. Huxley, who considers them to be nearly allied to the common fresh-water polype
(Hydra), whose singular history has already been described. In their simplest form
they consist of two transparent pieces, one ur both of which coutains a cavity, by the
contraetion of which they are propelled through the water. The
union between these pieces is very slight ; and, when detached,
each piece moves independently for 8 considerable time. From
this cirournstance they have been regarded as two distinct
snimals, which, however, are always found inserted into the
cavity of the other. They have been divided into numerous
genera; the characters of which are principally derived from
the form of the companent pieces. They frequently, however,
assume & much more eomplicated appearance. The larger ar
including individual produces, from the bottom of its cavity, a
aender stalk, which is continually increasing in length, and
from whieh new polypes are produced at the portion nesrest
the original polype. In this manner a chain of polypes is
formed, esch presenting a considerable resemblance to its
eriginal perent, and each also exerting a certain degree of
independent movement; although the superior power of the large
parent animal alweys determines the dircction in which the
whole mass shall move through the water. In some of these
mimals (as Stephasomia), the complication becomes most extra~
ardinary ; but it would be impossible, in our confined space, to
give an intelligible description of the varied and wonderful
forms of these animals, which are to be met with in most Fig. 61.—~D iphyes.
seas, although they are most abundant in those of warm olimates,

Crass V.—ECHINODERMATA.

Genexal Characters.—The Echinodermata, the fifth and highest class of animals
included by naturalists in the Radiate division, exhibit a considerable advance in com-
Plexity of structure over the simple gelatinous creatures which we have hitherto had
under consideration. They are at once distinguished from these by the structure of
their skin, which, instead of the delicate membranous texture, so characteristic of the
othor Radiata, presents a more or less leathery oconsistency, and always contains a
larger or smaller amount of a galcareous degosit, which frequently increases to such an
exteat as £o form a complete shell or crust inclosing all the soft parts of the animal.
The skin is also destitute of the curious urticating organs (thread cells) which are so
constautly present in all the other animals of this division. The amount of the calca-
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reous deposit in the skin varies greatly in the different animals composing the class.
In some (as the Holothuriz) it forms small irregular grains, scattered, not very plen-
tifully, through the substance of the skin; in others, as the Star-fishes (Stellerida), it
constitutes plates of various forms, fitting closcly to one another, but only connected by
the agency of the true skin; so that although the body is completely encased in a
suit of calcareous armour, every part of it still retains considerable flexibility. In
others again, as the Sea-eggs or Sea-urchins (Echinida), these plates are positively
united together, forming a continuous shell, within which all the organs of the animal
are inclosed. Upon most of these calcareous plates tubercles are to be seen, which
serve for the articulation of moveable spines, often of considerable size. These assist
the animal in its motions; and it is from their almost universal presence that the
name of the class (Echinodermata,—echinos a spine, and derma skin) is derived.

In their form the Echinodermata vary greatly. They generally present a radiafe
arrangement of their parts, with great distinctness; some, of which the well-known
Star-fish of our coasts may be taken as an example, actually assuming the form of star.
In the globular Sea-eggs, also, the same stellate structure may be observed ; but it
appears to be almost lost in the worm-like Holothurie (Fig 71), in which, however,
the tentacular crown, surrounding the anterior extremity, still presents a radiate
appearance.

The organs of motion are very similar throughout the class; they consist of a mul-
titude of minute feet, called ambulacra, which are protruded through a number of
perforations left for this purpose in particular plates (hence called ambulacral plates),
or through the interstices of the calcareous pieces composing the covering of the animal.
The structure of these minute organs is very interesting. In their most perfect form
they are vermiform tubes, furnished at their extremity with a distinct sucking disc,
which is stretched to its proper form by a small calcarcous ring. The tube communi-
cates through its aperture with a small vesicle containing fluid, situated within the
shell ; and it is by the contraction of this, and the consequent propulsion of the fluid
into the cavity of the tube, that the extension of the ambulacrum is effected.

The walls of these little feet are all composed of two muscular coats, an inner
longitudinal and an outer circular one; and it is by the action of these that the
ambulacra are enabled to move about in the water in search of some object to which
to attach themselves. The longitudinal muscular coat also serves to contract the
organ as soon as the relaxation of the vesicle allows the fluid to flow back from the
cavity of the tube, when, if the terminal suckers are attached to any fixed object,
the body of the animal is of course drawn in the direction of the contraction. The
combined action of a number of ambulacra is, however, necessary to move an animal
of a size so out of all proportion to its diminutive legs as an ordinary Star-fish or
Sea-cgg. One of these creatures in motion is a most interesting sight. The little
suckers are extended in every direction, often to such an extent that they appear only
like thin semi-transparent hairs, At length one fixes, then another and another, until
at last a number of them, all contracting together, drag their unwieldy owner a step
forward. By means of these organs both the Star-fishes and the Urchins can creep up
the surface of glass with great facility ; and so firmly do they adhere, that the animal
may be broken away, leaving his limbs sticking to the glass.

The existence of a nervous system in the Echinodermata is generally admitted by
zoologists. 1t is said to consist of a serics of ganglia, or knots of nervous matter sur-
rounding the eesophagus, united by a nervous ring, and giving off a set of nerves to
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sisting of a heart or corresponding organ, and a cvmplicatcd system of vessels. Respir -
tion is cffected, in somo cases, by means of branchim; in others, by the introduciion of
water into the general cavity of the budy. They are also furnished with peculiar
canals, serving for thy conveyance of water to differont parts of the body,—especially to
the vesicles at the base of the ambulacra.

The sexes, contrary to the rule which we have scen to prevail in the lower Rariata,
are always separate. The ova, when impregnated, becomo converted into vilinted
embryos, which, breaking through the cgg-shill, swim freely about in the water. ‘The
changes which theso undergo in their progress towards maturity are exceedingly
remarkablc ; and although our space forbids us from describing these with any minute-
ness, a short account of them is ncoessary to complete the natural history of the Echene-
dermata. The metamorphosis in question has been most fully vbserved in Star-fishes
and Sea-urchins; and it is to thess that we must dircct our attention. The ciliated
embryo, after its exclusion from the cgg-shell, is of & globular form; this is converted
into an irregular hexahcdmn, which gradually increases in height until it forms a four-
sided pyramid. In the centre of the base of this pyramid is scen an opening,—the
mcuth,—which leads int» a stomachal sac. It also contains four or more slerder
calcarcous supports, running from one extremity to the other, and projecting at the
base in the four-pointed spinces. ‘The little aui:nal still moves by the action of cilia
which are particularly numerous along the course of the calcarcous supports.

At a later period of its development the larva acquires a still more pyramidal
form ; and the processes of the calcarcous supports are surrounded by lobes bearing
the cilia. In this state it was long rcgarded as a distinot animal, and dercribed
under the name of Iutems. DBut the most remaikable part of this mectamorphosis
consists in the fact thet-this larva does nut become actually converted into the perfect
Echinoderm, but that the latter sprouts, as it wore, from this embryonie-form, of which
scarcely a trace remains in the mature animal. This is effected in the Ophiure by the
fullowing process :—Small saes first make their appearance in the interior of the larva,
surrounding the mouth; these gradually grow out of its substance, unite, and thus
represent the disc of the Star-fish. After a short time the new animal forms a mouth for
itsclf; having hitherto derived its nourishment through the mouth of the larva. The
arms now begin to sprout; and soon aftcrwards the first commencement of the calcare-
ous skeleton makes its appearance, in the form of little reticular grains, in the substance
of the young unimal. The further development goes on in the same manner, until at
lust the larva is cast off altogether, and the young Ophiura presents the form of its parent.
It still, however, possesses cilia, by means of which it swims about for & time; but
thesc afterwards disappear. The only part of the larva that remains in the perfect
animal is the intestine, which, of course, is greatly modified. The pont at which the
connection was broken off between the larva and its develuped bud is always marked by
a plate of a peculiar character.

The Lehinvdermats are found in all seas, crecping slowly along the bottom by means
of their curious litle feet. In eailier periods of the world's history they appear to have
been still more numerous and diversificd in form than in the preeent day; onc cntire
order, which played a most important pait in the earlicr stages of the formation:of our
plauet, being now all but extinct.

Divisions.—The Eckinudermata are divided into four orders. In two of theso the
body is more or less flattened or discoid in its form, and usually farnished with five or
more arms. These in the first order, the Crimoidos, are slender, and formed of completo
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calearevus rings or cylinders,—whilst in: the second, the Sislicrids, the calcarcous
eovering of the arms is composcd of scparate plates. In the third order, the Echinide,
ths calcareous plates have become united inte & regular shell ; mdthoﬁ»unhmdudu
the worm-like forms, the Helothurida.

OrpER I.—CranoIDEA,

Gmnl Charactexs.—The Crinoidea, or Sea-ldus—sa calld from the resem-
blance which many of them present to flowers (Fig. 66)—were exceedingly abundant
in furmer ages of the world; and their remains often form the
great bulk of large masses of rock. During the whole or a part
of their existence, these animals are attached to submarine
bodies by & longer or shorter stalk, composed of calcarevus rings.
similar to those of which the arms are composed. The body
is of a cup shape, its lower convex surface—to the centre of
which the stalk is attached—being posed of cal
plates, whilst the upper disc is closed by cvriaceous skin. In
the centre of this is the opening of the mouth, and to one side
the enus. The arms spring from the odges of the cup. They
are either five or ten in number at theis origins, although often
branched higher up, formed of cylindrical or bead-like calcare-
ous joints, furnished with slender jointed appendages, or cirri,
one on each side of every joint; and, as the whole of these
organs are exceedingly flexible, they are of the greatest importanco:
to the animal in the capture of its prey.

Divisions.—An exceptivn to this general structure is pre- )
sented by the Cystoeride—a fossil family which only ocours-  Fi8~ 68.—knorinus.
in some of the oldest formations. In these the body is round or oval, and entirely
composed of numercus calcareous plates. They were attached by a short flexible
stalk, the mouth was situated as the centre of the upper part, which projects a little
frum the general surface, with the anal opening a little to one side of it.

The family Ewcrinide, or the Sea-lilies, includes an immense number of fossil forms
(Fig. 68); and one or two are still to be found in the West Irdian seas. Thesc animals
were all supported upon a long stalk, at the extremity of which they floated in the waters
of those ancient seas, spreading their long arms in every direction in search of the emall
snimals which constituted their food. Each uf these arms, again, was feathered with a
double series of similarly jointed appendages; so that the number of separate calcareous
Preces forming the skeletom of one of these animals was most enormous. It has beem
aalculated that one species, the Pentacriius Briareus, must have been composed of at least
one hundred and fifty thousand joints; and *‘ as each joint,” according to Dr. Carpen-
ter, * was furnished with at least two bundles of muscular fibre —one for its contrac-
tion, the other for its extension—we have three hundred thousand such in the body of
ssingle Femtacrinwe—an amount of muscular apparatus far exooodmg any that has been:
elsewhere observed in the Animal Creation.”

A fmrrow runs along the inside of the arms, covered with & continuation of the skin-
of the disc; and from this the ambulacra. ave protruded, as in other EcAinodermata.

The third family, the Comatn/ide, or Hair-stars, includes a considerable number of
snimals, which bear a great resemolance, both in form and structure, to the Enciinide,
Thoy are, however, only furnished with & stalk during thoir young state, snd vn ariving.
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at maturity they quit their attachment, and crawl about freely at the bottom of the water,
in the same manner as other Star-fishes. The body is flattened, and covered with
separate calcareous plates ; the lower, or ventral surface, bearsthe mouth and anus; and
the ten slender arms are often branched to such an extent as to appear very numerous.
They are furnished throughout their length with elender jointed cirri, similar to those
of the Encrinidm, by the assistance of which, and the short ambulacra, the Hair-stars
are enabled to grasp any object firmly, and creep about on submarine plants with

great ease.
In their young state, the Comatule exactly resemble the animals of the preceding

e
Fig. 67.—Comatula. Fig. 68.—Young of Comatula
(Described as Pentacrinus Europsweus).

family, being supported upon a long flexible stalk, formed of calcarcous cylinders. So
close is this resemblance, that when first discovered the young of Comatule was
described as a Pontacrinus. These animals are tolerably numerous in the seas of the
present day, where they constitute, in fact, the principal representatives of their order.
In the earliest ages of the world, their place was taken by the fixed Encrinide ; and the
free Comatule do not make their appearance in any formation earlier than the Jurassio
strata.

Orber II.—STELLERIDA.

General Characters.—The second order, the Stellerida, is composed of animals
with a fiattened and more or less pentagonal body, usually bearing five arms of
variable length, which, however, are not distinctly separated from the body, as in
the Crinoidea, and into which processes of the stomach are usually continued. The
mouth opens in the centre of the lower surface of the disc ; and the anus, when present,
is always situated on the back. In the neighbourhood of the mouth of the animals of
this and the following order, some curious prehensile organs are always to be found,
which, from the peculiarity of their structure and actions, have been regarded as inde-
pendent parasitic organisms, and described as such under the name of Pedicellarie. They
stand upon little tubercles, and oonsist of a long calcareous stalk, which bears at its
extremity a singular forceps of three or four pieces. These are continually opening and
closing, apparently for the capture of floating particles of food ; and, singularly enough,
they continue their movements even after the death of the animal. The skin is coria-
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oecus, and the caloarecus matter is deposited in it in separate plates, which allow eon-
siderable flaxibility to the whole body ; along the lower surface of each arm runs a
very distinct furrow, from which the ambulacra are protruded.

The true Star-fishes do not occur in the earliest fossilliferous formations. They first
make their appearance in the Mwschelkalk, and continue increasing in numbers in the
more recent strats. In our present seas they are exceedingly numerous, both in gpecies
ud individuals ; 80 much so, in fact, that some species, on the coast of Normandy, are
cummenly used as manure.

Bivisions.—The Stelierids are usually divided into three familics. The first, the
Ewyeiida,® or Gorgon’s Head, present a considerable resemblance to the animals of the
preceding order; the arms being distinctly separated from the body, and the internal
organs entirely confined to the disc, which is of a roundish form. The anus is want-
ing; the arms have no furrow on their under surface, are always much branched, and
wsually furnished with cirri, producing the canfused and tangled appearance which has
caused them to be compared to the Gargon’s head, with its snaky locks. These animals
wre prinoipally found in the tropical seas, although some species exist even in the icy
watens of the Arctio regions. They are all rare.

In the sccond family, the Ophinride, so called from the resemblance of their arms
$0 serpents’ tails (Gr. Ophis & snake, owrs a tail), the body forms a roundish or somewhat
pentaganal disc, furnished with five long simple arms, which, like the branched organs -
of the preceding family, bave no furrow for the protrusion of the ambulacra. The
Ophinride are exceedingly plentiful in all our seas, and their remains occur in all the
Iare recent marine strata of the earth’s crust. ‘

We come now to the family (the Asteride) of which the common Star-fish (Fig. 1),
% sbundant an our cossts, is an example. In this family the arms gppear to be merely
Prolongations of the disc; they are usually five in number, and the plates from which
the ambulacra are exserted are placed in deep furrows, which run along the lpwer sur-
faco of the arms.  In same species the arms are very short; and in others the gnimal
forma a flat pentagonal disc, with five ambulacral furrows excavated in its lower pur-
face. In the centre of this the mouth is situated, and the ramifications of the stomach
extend to a greater or less distance into the arms. Most of the species of this family
Posesces an anal aperture ; but this is wanting in some. ’

Orpxe II1.—Ecamima.

@enezal Characters.—In this order the development of calcareous matter in the
skin attains its maximum. The plates, instead of being distinct, as in the Star-fishes, are
firmly attached to each other, forming a convex shell, more or less complete, which
prevents all flexion of the body of the animal. This shell presents two openings, a
mouth and an anus; the latter is generally situated at the top of the shell, opposite to
the mouth, and is surrounded by moveable plates. The division of the animal into five
parts is as distinct here as in the Star-fishes, notwithstanding the total absence of arms ;
the holes through which the little sucking feet are protruded being arranged upon five
rows of plates, which usually run from the centre of the top of the shell to the angles
of the oral opening ; or, when they are confined, as is sometimes the case, to the dorsal
surface, they form a distinct five-rayed star surrounding the apex of the shcll. The
mode in which the capacity of the shell is increased, is exceedingly curious and interest-
ing. Itis entirely covered by a skin of greater or less thickness ; and, it appears, that,

* From Ewryale, one of the Gorgons.
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in spite of the close proximity of the edges of the plates, there is yet room for the passage
of a minute layer of ekin through all their interstices. It is in this that the deposition
of calcareous matter takes place, so that, instead of adding freah matter to the shell only
at the oral aperture, as in the Mollusca, the animal increases the size of its domicile in
proportion to its growth, by continual additions to the edge of every plate of which it
is composed. New plates are also often added in the neighbourhood of the superior
orifice. Next to this peculiarity in the form of the shell, the most striking character of
the Echinida consists in the numerous spines, frequently of large size, with which the
shell is covered. These are articulated to the numerous tubercles presented by the sur-
face of the shell ; the base of the spines being hollowed for the reception of the convex
surface of the tubercle. In consequence of this mode of attachment, the spines possess
a considerable power of movement; and, for this purpose, they are furnished with
bands of a muscular nature,—and in some species they are even attached to the
tubercles by a round ligament inserted into the base of the spine and the apex of the
tubercle, and resembling in many respeots the ligament of the hip-joint in man, Theee
spines appear to be used as locomotive organs; they also serve to bury their owner in
the sand when circumstances require this concealment ; and some specics appear, by the
same means, to excavate hollows even in hard rocks.

Divisions.—The Echinida are divided into four very distinet families. In the
first, the Sea-eggs (Cidaride), the body is nearly globular (Fig. 69), with the mouth

n the middle of the under surface, surrounded by a naked or warty skin. The anus lies

in the middle of the dorsal surface opposite the mouth, surrounded by a rosette of

curious plates, which form

the orifices of the generative

apparatus. It is in this

family that the masticatory

apparatus attains its highest

development, presenting the

complicated form represented

in Fig. 65. The ambulacral

spaces run from the mouth to

theanus; and the intervening

plates are covered with tu-

percles and spines, thelatterof

which are sometimes several

inches in length, and as thick

as a man's finger. Theso

animals inhabit the seas of all

parts of the world ; and some

. species are used as food, even

Fl- ‘3&733'5?& fﬁ?n':.“?’oﬂ'msfﬂ'iﬁ“.hﬂ.m‘ﬁ sae, on the European coasts of
the Mediterranean.

The animals of the second family, the Clypeastride, have the body of a somewhat
discoid form ; the shell is very thick, and covered with small tubercles, from which
short, thin, hair-like spines take their rise. The mouth is situated in the middle of the
lower surface, and is armed with a masticatory apparatus less complicated in its struc-
ture than that of the preceding family; but the anus, instead of being placed on the
back of the shell, opens on its lower surface a little behind the mouth. The apex of
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the shell is occupied by the genital plates ; and the rows of ambulacra form a five-rayed
sar surrounding these on the dorsal surface of the shell.

The Cassidulide, forming the third family, are of & roundish or oval form, generally
convex, and covered with very fine spines.

The mouth is placed in the middle of the lower surface, with the anus behind it,
tometimes on the margin. But these animals are especially distinguished from the two
preceding families by the total absence of any masticatory apparatus in the mouth.
This is equally deficient in the fourth family, the Spatangsdm,—sluggish animals, which
are usually found imbedded in sand, and with their intestines full of the same savoury
and nourishing substance: taken in, no doubt, for the sake of the minute particles
of organic matter which it might have contained. They are usually of a heart-like
form, with the mouth at the anterior margin of the lower surface, and the anal orifice
on its posterior margin. The ambulacra are generally confined to the doreal surface,
where theyformfour or flve rays, and the surface of the shell is covered with fine hair-
like spines, amongst which a few of larger size may be distinguished.

Orper IV.—HoLOTHURIDA.

General Characters.—In the fourth and last order the body acquires a worm-
like form, thus apparently leading us towards the lower groups of the next division.
The radiate structure is in fact scarcely recognisable in theso animals, except in the
smangement of the tentaculs which surround the mouth. The body is always more
or less elongated, with the mouth at one end and the anal opening at the other; the
calcareous deposit in the skin is reduced to scattered granules; and in one family the
ambulacra are entirely wanting.

Divisions.—This order is divided into two families. The first, the Synaptide,
are characterized by the total abseuce of ambulacra, the motions of the animals being
assisted by peculiar
anchor-like processes
of the calcareous
grains, which projeet
from the skin, and

In the Holothurids
(Fig. 70), on the con-
trary, the ambulacra,
although short, ex-

' actlyresemble those of

the other EcAinoder-
mats in their struc-
‘“"‘"’di"“‘“' The Fig. 70.—Holothuris.
by a ring of calcareous plates, serving for the attachment of the longitudinal muscles,
by which the contractions of the body are effected. These animals inhabit the
seas of most parts of the world. Some of them are eaten even by European popu-
lations ; and the Trepang (Holothuria edwlis) is an article of luxury amongst the
Chinese.

This snimal, which is very abundant on the north coast of New Holland, is collected
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there by the Malays in large quantities, dried and packed up in bags for the Chinese
market. The Malays and Chinese meet at the Island of Macassar, where the principal
¢rade in this delicacy is carried on; and the quantity annually brought to that place by
the fishermen is said to amount to upwards of four hundred tons. The price varies
according to quality, from eight dollars to one hundred and fifteen dollars per pecul
1831bs.) '

¢ The Echinodermats conclude the series of animals generally termed Rsdiata by
goologists ; but it is probable that further researches will show the necessity for great
modifications in this part of soological classification. There appears to be little to
connect the hard-skinned Echinoderms with the delicate gelatinous animals composing
the other four classes ; and Mr. Huxley has already proposed to form these into a sepa-
rate group, denominated, from the constant presence of thread cells, Nematophora.
The Echinodermata would then be regarded as aberrant forms of the articulate division ;
a view to which the study of their metamorphosis lends considerable support.

Drvisron III.—AgTICULATA.

Great es is the diversity of form and struoture presented by the Radiata, the
animals formring the present division perhaps exooed them in this respect. 80 great is
this diversity, in fact, that it is almoet impossible to give any common characters which
shall positively include the whole ; and some of the most eminent modern goologists
have proposed the establishment of a scparate division to include the lower forms. By
this means, however, the difficulty is lessened rather than got rid of altogether ; for,
although a tolerably coherent group is thus obtained for the higher forms, the lower
omes still vary to such an extent, that a very loose character is necessary to enable them
%o be united in a single group. We shall, however, adopt these sub-divisions, as they
may tend to render this part of our subject more intelligible. The general characters
of the division have already been given at sufficient length (p. 198).

SusprvisioNn I.—VERMEs.

General Characters.—The animals of the first sub-division, the Vermes or Hel-
mintha, are usually of a very elongated form; and in the higher groups the division
of the body into a number of segments is very distinct; whilat im some of the
lower forms this general characteristic of the articulate series is quite unrecognizable.
The segments, when present, are generally mere repctitions one of amother; and the
appendages with which they are froquently furnished follow the same rule.

The nervous system, which, in the parasitic groups ( Enuzon), is, as might be expected,
in a very rudimentary condition, gradually increases in complexity ; until in the Anne-
lida or true worms, it consists, as in the most highly endowed Articulata, of a ventral
series of ganglia, united by nervous cords, and communicating with a nervous mass of
considerable size (brain) situated in the head. In proportion to this gradual elevation
of the nervous system is the development of the different organs of the body. This is
especially remarkable in the case of the lateral appendages, which are entirely wanting in
the lower groups ; but in the Annelida they make their appearance often in & very com-
Iplicatedform, such as branchial and natatory plates, and jointed bristles serving as feet.
In none, however, do they present the peculiar structure of the limbs possessed by the
other Asticwlata the construction of which will be duscribed in the proper place.
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Divisions.—The Vermes may be divided into four classes, which dre generally
distinguishable by their external appearance. Of these, the first two are for the most
part parasitic, living in the interior of other animals, few of which, in fact, are exempt
from the visits of these unwelcome guests. Of these, the first, the Flat-worms (Platy-
dmic) have the body flattened, and generally more or less ovate and leaf-like ; these
present the gredtest divergence from the articnlste type. In the second, the Nenatehnia,
or Round=toorms, the body is usually elongated and cylindrieal, and the division into
sgments is often indicated by amnulations of the skin. The other two classes are
composed principally of aquatic animals. A few are terrestrial in their habits, but none
wre parasitic.  One of these, the Rotifers, or Wheel Animaleules, includes a number of
minute creatures farnished with a pair of ciliated organs at their anterior extremity ;
vhilst the Annelida, or true worms, have the body distinctly divided into segmenta,
generally furnished with lateral appendages, and with a well developed nervous system.
The blood, in this last class, is also generally of a red colour.

Crass I.—PLATYRLMIA.

Genexal Characters.—The study of the Entoros, or internal parasites, from the
nature of their habitations, is perhaps not one of the most attractive branches of Zoology ;
y# few animals can present a better claim to our notice, from the circumstance
that many of them find their natural residence in our own bodies, and in those of our
domestic animals, where they often do us a great amount of injury. They have a still
stronger claim to the attention of the scientiflc zoologist, from the number of points
connected with their natural history, which still remain to be cleared up, and from the
wonderful nature of those portions of the history of their development, which have
been reveslod by the recent researches of some of our most eminent naturalista.

By far the greater number of the Platyelmia pass the whole or the greater portion
of their existence inclosed within the bodies of other animals, of which few ate without
species of these parasites peculiar to themselves. Some species, however, live in the
water, where they swim about freely by means of cilia. They all, however, have the
body much flattened, and usually of & more or less ovate form, without any traces of
segmentation ; the only exception to this rule being presented by the Tape-worms, in
which, as is well known, the body is of great length, and composed of a multitude of
similar joints. We shall see, however, on studying the development of these animals,
that the exception is more apparent than real ; for it appears that the Tape-worm may
be regarded as & compound animal, esch joint being capable of a certein amount of
independent existence.

The nervous system consists of a pair of ganglia situated in the anterior extremity
of the body, and giving off two slender fllaments, which run down each side of the
body. No special organs of sense have been found in the parasitic species ; but those
which live free in the water have several dark spots, each containing a distinct lens,
placed close to the central ganglis, and these are considered to be true eyes. With the
exception of the cilia of the aquatic forms, no organs of motion are to be met with in

the Platyeimia. The perasitic species are gonerally furnished with hooks or suckers for
maintaining themselves in their position ; but their movements are almost entirely con-
fined to a muscular contraction and dilatation of the body.

Divisions.—The Fiat-worms are divided into three orders, of which two are com-
posed of parasitic, and one of free-swimming animals. They may be regarded as
torming two groups or sub-classes, of which the second is distinguished by the pos-
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session of cilia ; the others being destituto of these organs. The two parasitic orders
are the Cestoides, or Tape-worms, with long, usually jointed bodies ; and the Zrematoda,
with short, elliptical, or discoid forms.

OrpEk I.—CESTOIDRA.

Greneral Characters.—The general appearance of the animals belonging to the
order Cestoidea is well shown in the annexed figure, which represents the common Tape-
worm of the human intestines. The body is composed of numerous joints or segments,
each exactly resembling each other; these are often several hundreds in number, and
the animal sometimes attains a length of upwardsof ten feet. The akin is exceedingly
soft and tender, and the muscular system possesses very little energy; so that the

Fig. 71.—Twenia Sollum. The common Tape-worm.

movements of the animal are confined within very narrow limits. Its anterior extre-
mity is formed by a small head, furnished with hooks and suckers, by means of which
the animal anchors itself to the intestines of its victim ; it also contains the rudiments
of the nervous centre, the filaments given off by which only run through a few of the
first segments. The animal appears to possess no mouth or digestive organs; so that
it must derive its nourishment entirely by absorption through the skin. On each side
of the body runs a long vessel, passing through all the segments; these are united
at each articulation of the body by a transverse vessel. Each segment contains both
male and female sexual organs ; and when these have arrived at maturity, the segment
is cast off to seck a new place in which its ova may be developed. For this purpose
the joints, when cast off, are endowed with a considerable power of motion, and
will live for several days when placed in favourable circumstances. In some cases
they have been observed to develop peculiar organs, which they do not possees in
their compound condition. The orifices of the sexual organs are placed at one side
of each segment, and these apertures are placed alternately on both sides of the body
of the animal. 3

The development of these animals presents some of the most remarkable phenomena
that have yet been discovered in the natural history of animals. Some curious para-
sitic worms are found, not in the intestines, but in the solid tissues of many
herbivorous animals, which, from the structure of the head, have always been ranged
in the neighbourhood of the Tape-worms, although their bodies, instead of being drawn
out to an enormous length and divided into numerous segments, are composed almost
entirely of a simple bag of fluid.

Some of these parasites are simple,—that is to say, the sac bears only a single head ;
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in other cases they develop a multitude of these organs, sometimes from the internal,
sometimes from the external surface of their walls. These worms were long regarded
as forming a distinct order of parasitic animals; but recent experiments have shown,
that when they are administered to particular carnivorous animals with their food, the
vesicle of fluid is cast off, the head attaches itself,
and gradually develops the long jointed body of a
true Tenia. The observations were first made
upon the Cystic worms which inhabit the liver of
the mouse and rat; these, when given to cats,
were found to produce in their intestines Tenias
of the species usually infesting those animals.
Bxperiments have since been instituted upon Cystic
worms from different species of herbivorous ani-
mals, and these all produce Tape-worms of different
kinds when introduced into the bodies of carni-
vorous animals. The administration of .mature Fig. 72.—Cysticercus Cellulosss.

. N a, head enlarged.
segmenta of Tape-worms to the herbivorous species,
has also been found invariably to produce a development in the tissues of their organs
of the corresponding Cystic worms; so that we may consider it a well-established fact,
that the ova of the Cestoid worms are not, as s general rule, developed in the same
species of animal which is infested by the mature Tenia.

But, it may be asked, how does the embryc Tenia find its way from the stomach
of its host, through the various tissues of its body, until it reaches the particular organ
in which its development is to be carried on? This subject is still enveloped in a
certain amount of obscurity ; but some recent researches of Professor Van Beneden
appear to throw a little light upon it. That zoologist observed that the embryos of a
Tania found in the intestines of the common frog, were furnished with asix spinous
organs, of which two were straight, and the other four slightly hooked at the
extremity. By an action of the four-hooked spines, very similar to that of the arms of
& man when swimming, the little creatures were enabled to push themselves through
the broken tissues of their parent ; the two straight spines assisting to pierce a passage,
and, no doubt, maintaining them in their position whilst the hooks were brought up for
a fresh stroke. In this manner, as Professor Van Beneden obeerves, they would have
no dificulty in penetrating any tissues, or in reaching any part of the body of the
animals appointed for their further development.

Professor Van Beneden appears to consider that the history of the Cestoid worms
affords another instance of an  alternation of generations” analogous to that of the
Modusa, referred to at page 252. In this view the Cystic worm (Scolez V. B.) corres-
ponds with the simple Hydraform polype; the compound animal known as the Tape-
worm (Strobile V.B.), with the elongated polype in process of division ; and the mature,
separate segment ( proglottis), with the perfect sexual Medusa.

An exception to this general rule appears, however, to be presented by the tape-
worm of the human subject; at least, it is not easy to understand how the Cystio
worms could withstand the heat usually employed in cooking our animal food. Recent
experiments have shown that the administration of adult proglottides of Tamia sokium
to pigs, produces a great development of t