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PREFACE.

An Englisli translation of Dr. Boas's " Lelirbuch der Zoologie,"

wldcli lias already appeared in two Danish and two Grerman

editions, has been arranged in the hope that it may prove

useful to yet a larger pubHc.

The translation is designed, in the first place, to assist

beginners in the study of Zoology ; but the needs of students of

Medicine, of Veterinary Surgery, and of Forestry have also

been kept in view. It will be noticed that Dr. Boas gives

prominence to facts rather than to theories, and of these,

such as should be of use to one or other of the classes of

readers just enumerated, or as should be most convenient for

verification.

In the Grerman edition lists of the more important forms

belonging to the Grerman fauna are appended to the descriptions

of the several groups : these have been replaced here by species

met with in the British Isles, and it is hoped that they will be

of special service to Naturalists. For this amount of the

subject-matter, and for this alone, are the Translators re-

sponsible : in all other respects they have merely endeavoured

to give a faithful rendering of the Grerman text. Certain

differences appear between the English and the Grerman, as the

book has undergone a thorough revision at the Author's hands,

and certain portions have been deleted, whilst new matter has

been introduced.
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CtENEral part.

I. Cells and Tissues (Histology).

The name Protozoa is given to a group of animals of very

simple organisation, which form the lowest grade in the animal

kingdom. It is well to begin a study of zoology by considering the

Amoeba, one of the many animals belonging to this group, because,

in order to appreciate animal organisms in general, it is extremely

important to understand thoroughly a simple creature such as this.

The Amoeba is a microscopic organism which is frequently found

in fresh water. Its shape is irregular and indefinite. It consists of a

substance called protoplasm, a finely granular, viscid substance,

which, on chemical analysis, is found to consist of a number of different

constituents, albumen being one of the most important. Protoplasm

also contains a considerable quantity of

water and of various other materials.

In the protoplasm is a rounded or oval

body, the nucleus, and in this again

is a smaller spherical body, the nu-
cleolus. The Amoeba possesses a

number of qualities, the most obvious

of which is its power of movement:
small processes, called pseudopodia,
are thrust out from the surface, by the

streaming of part of the general sub-

stance of the animal towards certain

points ; the pseudopodia then disappear,

and new ones are formed; but apart from this the protoplasm is in

constant motion, as is shown by the way the granules move about.

The mobility of the protoplasm gives the Amoeba the power of loco-

motion, whereby it can glide through the water, past any given object,

with greater or less rapidity. Movements may take place without an

external stimulus, they are then said to be spontaneous: in other

cases there is such a stimulus ; a movement, often the drawing-in of

the pseudopodia, follows contact with some object, but the movement
proceeds from the Amoeba itself, it is not directly caused by the

B 2

rig'. 1. An Amoeba at two
different moments. Ic nucleus,

V vacuole, n ingested food.—After

Gegenbaur.
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external stimulus, this simialy gives the organism an occasion for

moving.
,
The power of reacting to stimuli is called irritability.

The Amoeba is further characterised by building up its own substance

from materials which it has taken from the environment, i.e., it

feeds: it does this by surrounding other little organisms, and
inanimate particles, with its pseudopodia, and absorbing them into

its protoplasm, expelling, after a time, that part of the food which
cannot be assimilated. Besides these solid particles, the Amoeba
absorbs water, and also free oxygen, which is present in all natural

waters, and which is absolutely necessary for its existence, since it

cannot live in water which does not contain this gas, even if all other

necessary conditions are fulfilled. The oxygen unites with some of

the carbon present in the protoplasm, forming carbon dioxide, which

is got rid of ; the Amoeba is, as it were, a little machine, in which,

just as in a steam-engine, carbon is burnt ; a certain amount of

energy is liberated by this combustion, and is manifest as motion. So

much is clear and certain, but there are many unknown steps in the

activity of the little machine : by the combination of the oxygen and

carbon, the complex constituents of protoplasm are broken down, and

simultaneously, new compounds, principally water and nitrogenous

matter (uric acid), are formed. The latter is of no use to the Amoeba,

but must be got rid of; it collects, as waste material dissolved in

water, in little cavities in the protoplasm, called vacuoles, and by

their contraction (or rather, the contraction of the protoplasm round

them) the contents are expelled. It is evident, therefore, that a

partial destruction of the complicated materials of the Amoeba is

constantly going on, so that its mass is diminished, but the food

taken in makes good this loss, and even produces a surplus, so

that the Amoeba grows—it actually increases in bulk. In close

relation with this is the last important quality of the Amoeba, its

power of multiplying by fission. In this process the nucleus

first breaks in two, a constriction of the protoplasm follows, and

finally, it is separated into two nearly equal pieces, each with its own

nucleus.

All the characters just mentioned distinguish the Amoeba as

living, as an organism (though of the simplest kind), in contrast

to the lifeless particles which occur near it in the water. Death,

which is caused by a change in the external conditions {e.g. by too

great heat), deprives the Amoeba of all these qualities.

In their principal features the rest of the Protozoa are

all essentially similar to the Amoeba. A few variations may

arise by the formation of a hard, protecting part (skeleton) of

lime or silica, in, or round, the protoplasm : or its outer layer

may be of a firmer consistency than the rest, so that, although

it retains its mobility (the movements of the granules and rough

alterations of shape, affecting the whole body, may still be observed),
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there is no protrusion of true pseudopodia. Oil-globules and like

matters may be differentiated in the protoplasm : the surface of the

body may be covered with fine^ hair-like protoplasmic structures,

called cilia, which exhibit constant waving movements, etc. (For

details, see special part—" Protozoa,^^ p. 85)

.

All other animals, the Metazoa, begin life as ova, small

corpuscles of living protoplasm provided with a nucleus, and at this

stage agree, in all essential respects, with the Amoeba. Unlike

Protozoa, however, they do not remain in this state : the ovum or egg

divides into a number of segments, each with its own nucleus, but,

instead of separating from one another, they remain in connection

;

such segments are called cells; the essential properties of the ovum,

as also of the Amoeba, are possessed by each one, and the body of the

Metazoon attains its definite form by repeated division and differen-

tiation of the cells. The perfect Metazoon, then, is an intimate

association of cells like an Amoeba, but showing greater or smaller

modifications.

Cells consist of protoplasm, like that of the Amoeba, either

throughout their existence, or only in the young stages. There is,

in the protoplasm, a vesicular nucleus con-

taining a watery liquid (a chromatin), and a

network of delicate threads (the chromatin).
One or more rounded nucleoli are also frequently

present, often appearing as thickened spots in fc>l-V

the network. The cells are capable of di- kttlW^^^
V i d i n g ; division is preceded by peculiar

changes in the network, then the nucleus y^i^^'t^^iK^t
divides, and finally the protoplasm separates

^--^.j^^-^-^^jii^-^i^

into two pieces. The cell exhibits, all the other Fig. 2. A cell, n

essential properties of the Amoeba: it absorbs ^'nucleolus,

\ p -,
unclear thread, poxygen, takes m food, and so on. protoplasm.—Orig.

It has recently been shown for many cells that the
protoplasm consists of a homogeneous matrix, and of numerous fine threads
besides the granules just mentioned. Sometimes many nuclei are present
in a cell, which is then considered to be an incompletely divided cell-mass
the nucleus has divided, but no division of the ceU body has resulted.

The division of the nucleus is, in a few cases, direct; it simply
constricts in one place, and then separates into two pieces. As a i-ule, however,
nuclear division is indirect, and then it takes place in a compHcated way,'
as foUows: First, the whole nuclear network forms a long coiled thread
(Fig. 3,1), which breaks up into a number of rod-like or curved pieces,
the chromosomes; next, the nuclear membrane disappeai-s (Fig. 3,2), and
each chi-omosome splits lengthways in two (Fig. 3, a) ; but before this, two
little bodies, the centrosomes, from which fine thi-eads radiate to the chromo-
somes, may be noticed in the protoplasm.* Then these thi-eads shorten,

* One or two centrosomes may be noticed lying near the nucleus in many resting

nJnlvV" +° ^""^
""f*

""^^^y ^""^ division). Possibly they are as constant Iconstituent oi the cell as is the nucleus.
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and tlie halves of the chromosomes, apparently, are (Fig. 3, 4) thereby di-awn
away from each other, so as to foi-m two separate groups (Fig. 3, 5). Each
group is the Ijeginning of a new nucleus, for its chromosomes unite again to
form a new network, and a nuclear membrane arises round it (Fig, 3, 0). Before
this happens, however, the protoplasm begins to divide into two parts con-e-
sponding to the new nuclei.

2 c

G

Fig. 3. Dia^am of

indirect nuclear division,

c centrosome. See text.

—Orig.

Eacli cell of the animal body has an entity of its own, but it

differs from the Amoeba, in that it is a member of, and to a certain

extent subordinate to, a great whole. The degTee of its independence

varies, however, very considerably. Some cells, called wandering
cells, retain throughout life a very considerable freedom, and,

in nearly all respects, remain on a level with the Amoeba. They
have the power of protruding pseudopodia, and each moves about

by itself, freely, in the spaces of the body : moreover, whilst most

other cells (see the section on the alimentary canal) can only absorb

food in a liquid form, the wandering cells can also take up hard

particles and dissolve them. Sometimes this peculiarity seems to be

exerted even against the organism itself : for instance, in those cases

where (as in the metamorphosis of Insects) some organs atrophy

—

without the death of the creature itself—the wandering cells eat up

the dead parts and digest them. They devour also foreign bodies,

such as Bacteria, which have got into the body. The blood

corpuscles of most invertebrate animals,* and the white blood

corpuscles of the Vertebrata, are wandering cells. There are still

other free cells, viz., the red blood corpuscles of Vertebrates, which

* All the Metazoa, with the exception of the Vertebrata, belong to this group.
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resemble wandering cells in tlieir isolation, but differ from tliem in

that they have not the power of independent amoeboid movement

;

they are just carried along passively by the blood.

Most of the cells of the animal body are, however, fixed, they

are immovably united to one another and, as they cannot protrude

pseudopodia, are fairly constant in shape. These fixed cells are

variously modified in the adult : they are specialised, in

correlation with differentiation of function. Usually, cells which are

modified in the same or in similar ways, are arranged in groups, and
such groups are called tissues. Four principal kinds of tissue

may be recognised: epithelial, skeletal, muscular, and
nervous.

1. The name epithelium is used to designate those tissues

which form a thicker or thinner covering to the outer or inner surface

of the body, and which
consist simply of a num- ^ B

her of closely apposed

cells. Epithelial cells

generally consist of pro-

toplasm, in which there

may be excretions such

as pigment granules,

oil globules, etc. : they

vary in shape ; some are

squamous, the height

less than the breadth

;

others columnar, the height greater than the breadth ; or the breadth
and the length may be approximately the same.

The epithelial cells are joined together by small quantities of intercellular

cement-substance: often, too, there are delicate strands of protoplasm
passing from cell to cell.

0

§ iji 1si

Fig. 4. A Simple squamous epithelium, surface view
;

same in section. G Section of simple columnar
epithelium.—After Gegenbaur.

A B

Fig. 5. A Stratified squamous epithelium. B Stratified columnar epithelium.

After Gegenbaur.

Epithelia may be simple or stratified. Simple epithelium
consists of a single layer of closely adherent ceUs, which may either
be flattened (simple squamous epithelium) or cylindrical (columnar
epithelium), or about equal in height and breadth (cubical epithelium).
Stratified epithelium consists of several layers of cells, or, to
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be more precise, it is many cells deep, for the cells are generally not

arranged in layers. Whilst the deeper-lying cells are usually

undifferentiated, the most superficial, or several of the outer layers,

exhibit many modifications. Sometimes they are flattened, and the

epithelium is termed stratified squamous epithelium ; or the outermost

layer consists of cylindrical cells, when it is known as stratified

columnar epithelium.

The free surfaces of the cells, whether of simple or of stratified

epithelium, may be provided with cilia, delicate hair-like processes,

which are in constant motion. These are called ciliate cells,

or if only one large hair, a flagellum, is present, flagellate cells.

Sometimes isolated groups of such cells are found in simple, or in the

superficial layer of stratified epithelium
;

or, again, they may compose

the whole, or almost the whole, layer (of course, the outer layer

only in stratified epithelium) . This is commonly called ciliate

epithelium.

Fig. 6. A Ciliated cells. B Columnar cells,

with a cuticular plate (c).—Orig.

B

;-.0: :0;

Fig. 7. Simple epithelium, with a cuticle (c).

Orig.

Not infrequently the epithelial cells secrete, at their free edge, a

firmer substance, a cuticular plate (often called the cuticular

border) ; the cuticular deposits of neighbouring cells usually become

closely connected, so as to form a continuous covering or cuticle,

which occasionally attains a considerable thickness and hardness.

A

Fig. 8. A Columnar
epithelium, with goblet

cells, from one of these

mucus is escaping. B
Other gland cells.—Orig.

The primary function of the epithelium is to form a protecting

covering for the other tissues, but it often performs a second, viz.,

that of secreting materials, usually fluids, which are either of great

importance to the body, or else need to be discharged from it (urea).

Isolated gland cells, usually of a peculiar form, are often met with in

epithelia, such are the g o b 1 e t c e 1 1 s of many animals. They have a
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central cavity, wherein is contained the substance separated from the

protoplasm {e.g., mucus), and this escapes to the exterior through an

aperture. Secreting- cells commonly consist of a long thin neck,

wedged between the adjacent epithelial cells, and a wide sac-shaped

inner part, lying in the deeper tissues. All secreting cells derived

from the general epithelium are called glandular cells, for

any part of the animal body which forms a secretion is considered

to be a gland. Sometimes glandular activity is distributed over

a large, continuous area of the epithelium, which is usually

invaginated into the subjacent connective tissue ; such are true

glands. In its simplest form the gland is a flat patch of cells,

a pit, a small sac, or a longer tube; but the tube itself may form
evaginations, and these on their part may possess branches, and so

3 4 5

Fig. 9. Diagrams of different true glands. The secreting cells are dotted. 1 The
simplest form

; the secreting cells are not invaginated. 2—5 Different kinds of simple
glands. 6 Branched tubular gland. 7 Eacemose gland.—Orig.

on; SO that a compound gland is made up of a complex ' system of
canals (the wails of which consist of a single layer of epithelium),
held together and supported by connective tissue (see below). In
these large glands, the ends of the branches only secrete, whilst the
rest of the .system serves as a reservoir and as a means of exit.

Such a distinction into secreting portion and duct, may be
noticed even in very simple glands. Sometimes the ends of the
canals exhibit a rounded enlargement, when the gland is called
racemose, to distinguish it from the tubular gland, which is

without this expansion.
For the development of sensory epithelium, see " Sense-organs."
2. Skeletal tissue is characterized by the great prominence

of the intercellular substance. In an early stage of develop-
ment it consists, like epithelia, of cells only; but later, the cells,
though they always remain simple and undifferentiated themselves,
secrete some form of intercellular substance which constitutes the
chief part of the hard structures, and gives them their great
importance in the animal body. Of skeletal tissues, connective
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tissue, cartilage, and bone are recognised. In tlie first of these

the intercellular substance is more or less soft, and the cells

are of various shapes, fusiform, stellate, fiat. There are three

kinds of connective tissue:— cellular, in which the

intercellular substance is but slightly developed, often forming

only a membranous partition between the large vesicular cells

:

mucous or gelatinous, with a homogeneous and jelly-like

intercellular substance (cells rounded or stellate) : and

fibrillar connective tissue, where the intercellular substance is

composed of delicate threads, among which are often branched

elastic fibres ; when these are very numerous, the tissue is called

elastic tissue. The intercellular substance of cartilage is firmer,

it is usually homogeneous (hyaline cartilage), or it may contain elastic

fibres (elastic cartilage) . In this kind of tissue, which is principally

found in the Vertebrata, the cells rule, rounded. Bone is

Pig. 10. Hyaline cartilage.—Adapted
from Gegenbaur.

Fig. 11. Bone. — After

Gegenbaur.

characterized by a yet greater hardness, on account of the lime salts

(especially phosphate of lime), which are deposited in the intercellular

substance.* The cells are stellate, with anastomosing processes.

This tissue occurs only in the Vertebrata.

Fat cells are sometimes present in the connective tissue;

when they are very abundant, the tissue is termed adipose. The

cells contain drops of fat or oil, which

may increase in number to such an

extent that they run together to form

one large drop. In this case the cell

comes to consist of only a delicate

layer of protoplasm surrounding a

large drop of oil. Connective tissue

cells may "also contain pigment (usually dark) ;
these are known

as pigment cells (chromatophores)
.

£ C

Fig. 12. A-B Young fat cells. C
Older fat cell, with a very large

oil-drop.—Orig

* Sometimes lime salts are deposited in cartilage (calcified cartilage).
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3 In muscular tissue the cell -protoplasm is partially or

entirely modified into a peculiar contractilesubstance, which

does not move spontaneously, but only contracts m response to

some stimulus* It differs in another respect also from other

protoplasm : the movement of the muscle cell always occurs m a

definite way : first, there is a shortening and thickening of the

cell followed by a lengthening and narrowing, so that it has assumed

its original condition by the end of the movement. The streaming

movements seen in the Amoeba, which are characteristic of protoplasm

in general, are never found in the contractile substance of muscle

cells.

The simplest form of muscular tissue is composed of smooth

muscle cells, which are spindle-shaped, elongate or ribbon-like,

and pointed or occasionally forked at

both ends. A nucleus is present in

each, lying either in the middle of the

cell, surrounded by a small quantity

of protoplasm, or on one side of the

contractile substance, enveloped in a

varying amount. The contractile

substance is homogeneous and shin-

ing, and is destitute of granules or

transverse striation, though it may
sometimes be longitudinally striped.

The muscles of most of the Inverte-

brata, with the exception of the

Arthropoda, consist of this tissue, and

it is found also in Vertebrates, in the

walls of the digestive tract. To

the smooth are nearly allied the

striped muscle cells, the only

essential difference being that the

contractile substance of the latter has a transversely striated

appearance, due to its division into regularly alternating discs of

different refrangibility : it occurs, for example, in the Vertebrate

heart.

The transversely striated muscle fibres differ from the

striped muscle cells in that they are multinucleate. A striped muscle

fibre originates as a simple cell with one nucleus, which divides repeat-

edly without corresponding division of the cell, and in the perfect fibre,

the nuclei lie either in or upon the surface of the contractile substance.

The fibre is not only transversely striped, but a more or less distinct

longitudinal striation, depending on the very delicate fibrillas of which
the fibre is composed, may also be noticed. The whole muscle fibre is

Fig. 13. a—h Smooth muscle cells

(a with a larg^e residue of protoplasm),

c transversely striated muscle cell,

d transversely striated muscle fibre.

—

Orig.

* As to the source of the stimulus, see below.
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enveloped by a thin sheath, the sarcolemma, which is wanting in
smooth as well as in striped muscle cells. The fibres are usually
cylindrical, and are rounded, rarely branched or forked, at the ends

;

they are often of considerable length. In the Arthropoda the whole]
and in the Vertebrata the greater
part, of the musculature consists of

striated muscle fibres, which like the
striped muscle cells, contract with
greater rapidity, and with greater
force, than the smooth muscle cells.

Muscle cells and fibres may not only
foim large tracts of tissue, but they may
also occur as isolated secondaiy constitu-

ents of the connective tissue; where
these are very numerous and the connective
tissue is scanty, an appearance of musculai-
tissue is produced. This shows the inti-

mate relation between connective tissue

cells and muscle cells, which is further
demonstrated, in the case of the scattered

muscle elements, by the occuiTence of
connective tissue cells which have been
partially modified into muscle cells. Some-
times, like epithelial cells, muscle cells are

held together by cement substance.

4. Nervous tissue. The
contraction of muscle cells* is

brought about by stimuli received

from ganglion cells, each of

which has a thread-like prolongation often of considerable length

(Fig. 15, 2). At its free end each of these processes breaks into a

tuft of branches which lie closely upon the muscle cell ; sometimes

a process gives off branches on its course, and these are attached to

muscle cells. Besides these long processes, the ganglion cell may
also give origin to numerous shorter branching offshoots, which do

not pass to muscle cells.

Ganglion cells of this description are called motor: there

is another kind, the sensory (Fig. 15, 4), which are, externally,

just like the motor ones, but receive, by their long processes,

impressions from the outer world. The process may, for instance,

go to the epithelium covering the surface of the body, and branch

between its cells. {See the section on Sense Organs, p. 18).

The ganglion cells occur in groups, comprising both kinds. They

are attached to one another by some of the prolongations ; those

of one cell do not as a rule, however, pass directly to another, but

Fig. 14. Connective tissue cell (1),

smooth muscle cells (3—5), and a cell

(2) which is undergoing transformation
into a muscle cell. From the urinary

bladder of the Salamander. •— After
Flamming.

* Under muscle ceUs, smooth and striped muscle cells and also muscle fibres are

included.
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ramify over it or its processes (Fig. 15, 3) . There is yet a third kind

of ganglion cell connected with neither epithelium nor muscle, but

only with other ganglion cells (Fig. 15, l).

It may be noticed here that many gland cells, like muscle cells, only

become active when they receive a stimulus from a ganglion ceU ; in glands,

therefore, tei-miaal branches of ganglion processes are present in great numbers.

2 3 4 5 6

Fig. 15. Various ganglion cells, etc. 1 Ganglion cell, with dendritic, but without the

longer processes. 2 Motor ganglion cell connected to a muscle cell m by a nerve fibre n.

3 Two ganglion cells connected with one another. 4 Sensory ganglion cell, with its nerve
fibre branching in the epitheUum e. 5 Sensory ganghon cell g, with two long processes

;

b the terminal tuft of the process. 6 Sense cells s ; h the terminal tuft of an efferent

nerve fibre ; a ganglion cell below.— Orig.

The long processes of ganglion cells are called nerve
fibres, and according to their connection with muscle or with sense

cells, they are called motor or sensory: the short processes

are termed dendrites. Sometimes nerve fibres originate not in

ganghon, but in sensory, cells (Fig. 15, 6) : the epithelial cells

are, in this case, usually tall, narrow cells, with a tuft or fringe of

ciha at the free end
;
they pass, on the inner side, into long delicate

processes, which are intimately connected with ganglion cells, for

the end breaks up into a fine anastomosis, which is closely apposed
to a ganglion cell or its processes. Such epithelial cells are called

sensory cells, and the prolongations, sensory nerve fibres.

The nerve fibres are frequently enveloped in sheaths of specially developed
connective tissue. Most of those in Yei-tebrates have a double sheath, a strongly
refringent fatty medulla within, and an outer ne^^ri lemma or sheath
of Schwann. Some vertebrate nei-ve fibres are covered with a neurilemma
only.

II. Organs.

Although the animal body forms a connected whole, yet in most
Metazoa a varying number of more or less independent organs may
be distinguished, each composed of one or more of the tissues already
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described. The more general characteristics of these organs will now
be studied.

There is a very sliglit diiferentiation of organs in the lowest Metazoa, the
CcBlentei-a ; but this group is peculiar in many respects (see Special Part).

1. The Skin.

The skin which forms the external limit of the body consists, in

the simplest cases, of an epithelium only, the epidermis. It

frequently includes, however, a layer of connective tissue also, the
dermis. In most Metazoa the epidermis is a simple epithelium,

consisting of squamous or columnar cells, and often cihated; in the
Vertebrata alone, it is a stratified epithelium, of which the outer
cells are horny and thus form a protective covering for those beneath

:

this is represented in many other Metazoa by the cuticle (Ch^topoda,
Insecta, and others) . The d e rm i s is a layer of connective tissue of

varying thickness, and of a firm consistency, lying beneath the

epidermis ; it is not generally sharply marked off from the neighbour-
ing structures, in most Vertebrates it passes gradually into the loose

sub-cutaneous connective tissue. In the lower Metazoa calcareous

deposits of different sizes and shapes are frequent in the dermis

(Echinoderms) and among the Vertebrata there are often bony plates

(scales of Fish). Muscle cells also are very common.

Gr 1 a n d s, both unicellular and true glands, of diverse function, are

often found in the skin, such as mucous glands, stink glands, oil or

sweat glands. Various appendages, such as hairs or bristles, may
be present, but under these names are comprised structures of very

different kinds. The c h ae t ge of Chsetopoda, for example, are solid

cuticular processes, arising as a secretion from certain epidermal cells

;

the s e t ae of Arthropods are also cuticular, but they are hollow, and

contain an epidermal core. Mammalian hairs, on the other hand,

consist of horny epidermal cells.

Suckers are specially modified muscular portions of the skin, serving in

many animals as organs of adhesion. They usually stand out from the sui-face

in the form of small thick-walled

A B cups with smooth edges, the convex

side towards the skin, and the con-

cave side free. The sucker generally

works somewhat in the following

way : its edge is pressed against a

foreign object (Fig. 16, A), and by
the contraction of the muscles

abimdant in its walls, the space

between the two tnci-eases (Fig. 16,

skin, 8 sucker, w foreign body. See text.— B), so that a chamber is fonned
Orig. wherein the pressm-e of the air or

water is sub-noi-mal, while the ex-

ternal pressure on the outer wall of the sucker holds it firmly to the object.

Suckers of this description occtu- in Flat-worms, Leeches, Cuttle-fish, some

Mammals, etc. : but other adhesive organs are also found. Some animals
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have areas of sticky skin by which they can adliere to other bodies (Amphibian

larvai), others can hold fast by simple adhesion,* applying a surface which is

smooth and damp, but not sticky, to the foreign object (Tree-frog) ; others again

can fix themselves by means of hooks, &c.

The coloui- of the skin depends, in many cases, upon cells containing pigment

granules, present either in the dermis or the epidermis (or in both). The

pigment vai-ies in chemical composition. Sometimes the blood in the dermal

blood-vessels shows thi-ough the skin (cocks' combs). The coloui- of the skin may,

however, depend on totally different circumstances : for instance, interference

colours* are known, which ai-e due to the peculiar structm-e of the skin,^

e.g., the stratification of cuticle or dermis ; the well-known metallic colom-s are

often caused thus. The skin, or its derivatives, is sometimes white {e.g.,

hail- of Mammalia) ; this occasionally depends upon the presence of tiny air

vesicles.

Moulting is frequent in animals; tlie outer layer of the

epidermis^ either the cuticle (Insecta^ Crustacea), or the stratum

corneum (Vertebrata) becomes loosened from the rest of the skin,

and is thrown off all at once, or more rarely in pieces. Such a

moult is always accompanied by a new formation of cuticle or of

stratum corneum, which has always begun before the animal cast&

the old one.

Mucous membrane is the name given to the skin-like lining of the

cavities of the body which open directly on to the outer sui-face {e.g. the

digestive tract) ; it consists of an ej)ithelium supported by a layer of connective

tissue, coiTesponding with the epidermis and dermis of the skin.

2. Skeleton.

The protective structures found upon, or the calcifications and
ossifications present in, the skin, which have just been referred to,,

frequently attain a considerable thickness, hardness, and coherence,

and then form the supporting organ of the body, the skeleton,
under which name all the hard parts are included. The skeletal

elements of the skin, the exoskeleton, owes its origin either

to the epidermis, as, e.g., in the Lobster, where the well-developed

thick calcareous cuticle forms the supporting structure, or, as in the

Snail, whose shell is the secretion of certain epidermal cells; or to

the dermis, e.g. the numerous calcareous plates forming the shell of
the Sea-urchin, or the bony plates which compose the carapace of the

Turtle. In many animals, however, especially in the Yertebrata
there is also a firm supporting framework, the endoskeleton
which lies within the body and is quite independent of the skin: it

consists chiefly of cartilage and bone, and is often present in

addition to the exoskeleton, with some portions of which it may
be intimately connected (Tortoise).

The exoskeleton comes to have, in most cases, a protective as well as a
supporting function, often indeed, this is its principal duty, e.g., Molluscs and

See Text-book of Physics.
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Chelonians. This is true, also, although in a more limited sense, for the
«ndo8keleton, which usually not only supports the body but also protects
certain of the organs, e.g., the skull and vertebral column of the Vei-tebrata
protecting the central nei-vous system.

3. Muscular System.

Muscular tissue occurs as a subordinate component of many
organs, e.g., the skin, the alimentary canal. It is, however, the
principal and essential constituent of muscles, those organs which
•cause movements of the body as a whole, of individual portions of it,

or of its appendages, and which, taken together, constitute the
muscular system. In many of the lower animals which have
neither exo- nor endo-skeleton, the musculature is closely adherent
to the skin, and forms a continuous layer beneath it. In many
worms, there is such a body-wall, causing movements of the
animal by its contractions. The formation of an exoskeleton
has a great influence upon the development of the musculature,
especially when the former is divided into a number of movable
pieces (as in Crustacea, etc.) ; the continuous coat is then separated

into a number of more or less independent strands, the muscles,
extending between adjacent portions of the skeleton and causing them
to move upon one another. The muscles are still, however, connected

with the skin, of which the skeleton is indeed, in this case, only a

part. The connection ceases, where, as in the Vertebrata, an endo-
skeleton is developed, for the muscles are now attached to this, and
movements of the body are chiefly caused by movements of its

different parts.

It has already been stated that the essential part of a muscle is

muscular tissue, but this is not its only constituent, a certain amount
of connective tissue is usually present, surrounding and holding

together the muscle elements, and often forming tendons at the ends

of the organ. The tendons are thinner than the muscle proper, often

narrower, and are composed exclusively of fibrous connective tissue.

They make it possible for the contractile, thicker part of the muscle,

to be at a considerable distance from the spot at which the force is

applied. The name tendon has been used to designate not only these

connective tissue organs, but also others of a like significance, but of a

different structure, as will be seen in the detailed account of the

Arthropoda.

In the lower Metazoa movement of the body is caused at least in pai-t.

by the cilia of the epideiTnis (or of some portion of it). This is especially the

case in many minute free swimming lai-vae (Ccelentera, EchinodeiTua, Ohastopoda.

MolluBca), which are diiven about by ciliaiy movements. In these forms

there is an actual locomotor apparatus consisting of cilia, which either cover the

whole body imiformly, or are restricted to definite lines or rings. In the adult,

on the other hand, the ciliated cells ai-e but seldom of locomotor impoi-tance

(Platyhelminths, Rotifers).



11. Organs. 4. Nervous System. 17

4. Nervous System.

GaBg-lion cells and nerve-fibres are nsnally aggregated, tlie

groups of ganglion cells are known as ganglia, the bundles of

nerve-fibres as nerves. It generally happens that most of the

ganglia are connected to form a central nervous system,

from which spring

the nerves supplying —
muscles, sense organs,

and so on, all these

nerves are included

in the peripheral
nervous system;
nerve fibres are, of

course, present also

in the central nervous

system, and especially

in the strands con-

necting the ganglia.

Similarly the ganglia

do not occur exclu-

sively in the central

nervous system, al-

though they are con-

nected with it, even

when situated in

remote parts of the

body.

Nerves are called

motor or sensory,

consisting respec-

tively of motor or

sensory fibres*; many
are, however, mixed,

and contain both kinds

of fibres. Nerves

usually branch during

their course, dividing

Fig. 17. Diagi-am of a nervous system, eg—eg'" ganglia

of the central nervous system, I—I" and t—t'" longitudinal

and transverse connective fibres, sa sensory cells, s nerve

fibres, springing from them, g peripheral ganglion, each

of whose cells gives off two fibres, one branching in the

epidermis ep, the others going to eg. s" sensory fibre,

which arises in cells lying in eg, and branches in ejj'.

h motor fibre, which goes to a muscle w,.—Orig.

gradually into thin-

ner and thinner strands, consisting of fewer and fewer fibres.

The central nervous system is, as it were, the "Exchange" of the

body; by the motor nerves it transmits impulses to the muscular

elements and thus controls their movements
;
by the sensory nerves

it receives impressions sent from the different sense organs.

* Sensory nerves are further classified as nerves of touch, taste, smell, hearing, or

sight.

C
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The sympathetic nei-vous s y s t em
, present in many animala, consists

of a series of small ganglia and nerve trimks, from which nei-ves are given off
to the digestive tract (in the Vertebrata to other viscera also and to the vascuhir
system). The sympathetic system is comparatively independent of the central
nervous system, although it is connected with it ; the muscle cells of an organ
supplied by it, contract without impulse from the central system, they are
involuntary muscles, and receive the necessary stimulus from the sympathetic
ganglion cells.

5. Sense Organs.

An animal receives impressions from the outer world by
means of the sense organs, which are usually modified tracts

of epidermis. They are always closely connected with the nervous
system either by nerve fibres springing from ganglion cells

(within or external to the central nervous system) and ramifying
amongst the cells of the sense organ (Fig. 1 7, ep, and ep') ; o r bv
fibres originating in the sense cells of such an organ (p. 17) and
passing to the ganglia (Fig. 17, so).

Sense organs may be classified as simple or complex; to the former
class the organs of touch, of smell, and of taste are usually refeired,

since they are of a simpler stractm-e than the organs of hearing and sight,
which are often very comphcated.

The sense of touch contrasts with the other senses in that it

is distributed over the whole, or the greater part, of the surface of

the body ; the entire skin, especially the epidermis, is, therefore, a

sense organ. In some cases, e.g., in the Vertebrata, nerve fibres pass

to these portions of the skin and ramify amongst the epidermal cells

;

in others, e.g., amongst Annelida and Mollusca, special tactile cells,

each furnished at its free surface with one or more hair-like

processes,* and continued at the other end into a nerve fibre,t occur

amongst the ordinary epidermal cells. In some animals the skin

is furnished with warty or filamentous processes, provided with

numerous tactile cells, or with a rich nerve supply, and, therefore,

important as tactile organs.

Amongst Yertebrates, cei-tain tactile nei-ve fibres, as already mentioned,

innervate the epidermis, but others terminate in the dermis. The latter are

sometimes enveloped in concentric laminae of connective tissue, pacinian bodies.ij;

or the nerve endings may be of a different form.

Olfactory Organs are acted upon by gaseous matters in a

peculiar way ;
they can be ascribed with perfect certainty to only a

small proportion of forms, viz., existing terrestrial animals. The}' are

formed of epithelium, derived from the epidermis, in which there are

tall, thin, sensory cells, each with a tuft or tufts of sensory hairs at

* Sometimes these tactile, and other such, sensory cells are very like ciliate

epithelium ; the hairs are, however, not actively, but merely jjassively movable.

t Sometimes only a narrow external part of the sense cell is situated between the

other epidermal cells, whilst the tliicker part, with the nucleus, lies in the subjacent

connective tissue.

X These may also occm- internally

—

e.g. in the mesentery of the cat.
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the tip, and continued at the other end into a nerve fibre, which

passes to the front part of the brain. Amongst Insects, which have

been proved by many experiments to possess a very acute sense of

smell, the olfactory organs are situated upon the antennse. These are

provided with delicate hairs, which, Hke arthropod hairs in general,

are evaginations of the cuticle
;
they are very thin walled, generally

seated in small depressions, and into each, a thread-like process

extends from one or more underlying sense cells (Fig. 18).

Whilst these insectau structiu'es are

probably true olfactory organs, there are

numerous contrivances to which, even in

this book, the same name is applied, but

with doubtful right. This is the case with

all the " olfactory organs " of aquatic

animals, which seldom or never come in

contact with a i r. The olfactory pits of

Fish, which, from theii- position, &c., are

homologous* with the olfactory organs of

higher Vertebrates, can, for instance, hardly

be really olfactory. This is also tme of

the delicate " olfactory hairs " present on

the antennules of many Crustacea ; like the

above-mentioned structures in Fish they are

undoubtedly sense organs, bvit theii- special

fimction is unknown: they are. perhaps,

organs of taste.

Gustatory Organs are affected

only by substances which occur in

a liquid form. In the Vertebrata they are represented by the

so-called taste-buds of the tongue and the walls of the mouth,

specially modified tracts of the buccal epithelium, consisting of

groups of cells, amongst which are long thin cells with a delicate

point projecting from the free end ; these are, probably, the true

organs of taste. The buds are supplied with nerve fibres which

branch between the cells. In Fish, taste-buds may occur on the

external surface of the body ; similar structures are found also in

many Chaetopods and Molluscs {e.g., Gastropods), not only in the

buccal cavity but also externally upon the anterior end of the body.

Of a different type are the organs which appear to bring about

sensations of taste in Insects
;

they are short hairs placed on the

underlip, jaws, etc, and are in all essential respects like the olfactory

hairs just mentioned.

Yet other sti-uctures are included under the simple sense organs, but of their

special fimction nothing is definitely known. Such are the lateral line organs of

Fish {See Pisces) and Amphibia, and the similar stmctiu'es in Annelids and
Molluscs.

Auditory Organs always occur as vesicles filled with fluid.

The vesicles (otocysts) are formed by epidermic invaginations, and

* See conclusions under Section V.

Fig. 18. Section thi-ough a small

piece of the antenna of an Insect,

diagrammatic ; c cuticle ; g pit, with

r the " olfactory hair," arising from the

thin part of the cuticle ; ep epidermis,

t>z sense-cell.—Orig.

C 2
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either remain as sacs, opening freely on the surface : or more often
are entirely cut off from the epidermis, and are therefore closed

sacs and frequently lie deep
in the body. The auditory

capsules are usually almost

spherical, but in the "S^erte-

brata they are more compli-

cated, as will be seen later.

The wall into which the nerve
fibres (auditory nerve) pass,

consists of a simple epi-

thelium, whose cells—all, or

only some—are provided with

fine hair-like processes pro-

jecting into the liquid. These
hairs are set in vibration by

sound waves, and the sensations thus caused are conducted by the
auditory nerve to the central nervous system. One or more hard
calcareous corpuscles, the otoliths, are usually suspended in

the liquid. Amongst the higher Vertebrates, various kinds of

accessory apparatus function as resonators, etc.

The auditory organ of A r t h r o p o d s differs essentially from the usual type.

In Crastacea this sense is closely connected with specially developed hairs, which
are free on the sm-face of the body, or contained in cup-shaped invaginations. In
Insects again, there is quite a different aiTangement. as wiU be seen in the Special

Part.

It has been proved, experimentally, that the auditoiy capsides of many
animals have yet another function than that of bringing about impressions

of soimd. They (or in Yertebrata, their semicircular canals) are of significance in

the maintenance of the normal equilibrium in an animal. If they are destroyed,

movement becomes unsteady, the animal falls on one side, etc.* In what
manner, however, the auditory organs exercise tliis control is not yet imderstood.

Optic Organs of most animals are, like the preceding sense

organs, specially developed parts of the epithelium. In its simplest

form (Fig. 20, 1.) the organ of sight is a little pigmented patch of the

epidermis, innervated by a nerve, the optic nerve (some Medusae, a

few Lamellibranchs) . In other cases (Fig. 20, 2) the pigmented

epidermis forms a small open pit (some Glastropoda, Coclentera) ; this

arrangement may be complicated by having the cuticle, which covers

the skin in many lower animals, thickened over the cells forming the

depression, so that a lens, a refractile body, is formed (Fig. 20, 3,

certain Coelentera). Or the cavit}^ is deepened to form a sac with a

small external ojDening, which may contain a gelatinous secretion of

the epithelium (Fig. 20, 4, some Gastropods) . Again, by the contrac-

tion of the aperture, and by the loss of all connection with the skin,

* In sonic aniiimla, these ocemTences only take place when eyes as well as ears are

destroyed, whilst the destruction of eyes alone, or of otoeyst alone, has no effect.

Fig. 19. Auditory capsule of a Gastropod.
Ot otolith, N auditory nerve.—After Glaus.
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tlie optic organ may come to be a closed capsule lying beneath it.

The side of the capsule away from the surface is thickened and

pigmented, and forms an organ for the perception of light, the

r e t i n a,"^ Avhilst the opposite side is thin and transparent, as is also

the skin above it (the cornea) ; the cavity of the visual organ then

contains a jelly-like mass, the vitreous-body (Fig. 2U, 3, most

Gastropods, Chjetopods). In others again, the lens, secreted by the

Fig. 20. Different forms of optic organ, diagrammatic, n optic nerve, r retina,

e'p epidermis, rj vitreous body, I lens.—Orig.

front part of the capsule, floats in the vitreous humour, and may be

regarded as a specially modified part of that body (Fig. 20_, G, some

Chaetopods and Gastropods). With the development of this lens the

optic capsule has become a true eye ; and as in the human eye a real

image may be formed upon the retina, whilst the simpler forms can at

most merely differentiate between light and darkness.

In sucli eyes as are described above, the retina consists pai-tly of pigmented
cells, wbich appear to be tbe true perceptive cells, and partly of colotu--

less supporting cells, which apparently secrete the vitreous body. The
former frequently bear, on the ends towards the vitreous body, unpigmented,
transparent rods.

The optic organs of Arthropods exhibit a peculiar structure.

In its simplest form (Fig. 21, A), peculiar to certain insect-larvae, the

arthropod eye appears as an invaginate area of the skin, passing

directly into the general epidermis : so far, therefore, it re-

: .sembles that represented in Fig. 20, 2. The retinal or perceptive

1 cells are, however, always distinguished by being removed from the

! surface and covered by neighbouring epidermal cells, the outer portions

* This name is used to denote that part of the optic organ wliicli is actually
tsensitive to light.
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of which are transparent, whilst they are strongly pigmented within,
as is the case also with the retinal cells, their outer rod-like ends
excepted. The cuticle covering the eye is thickened like a lens. The
next stage is represented by those eyes, in which the retinal cells have
lost all direct connection with the skin (Fig. 21, B, ocelli of Insects
Insect-larvas and Spiders) . Below the lens there is, therefore, a layer of
transparent cells, continuous with the adjacent epidermal cells, and'
corresponding with those which in the simple type are pushed in

above the retina. The compound eye (Fig. 21, C, D), occurring
in most Insecta and Crustacea, consists of a large number (as many as
several thousands) of simple eyes, closely packed together, and each

B CD

Fig. 21. Different kinds of Arthropod eyes, diagrammatic. A, B ocelli, C, D
ommatidia from a Compound eye. n optic nerve, r retina, s rod of retinal cell, g -ritreona

body, k crystalline cone, I lens, c limit of the general cuticle, ep epidermal cells.—Orig.

possessing a structure similar to that just described. The compound
eye is, howevei', j>eculiar, in that the eye-elements (ommatidia) of

which it consists are very narrow and elongate, and each one consists

of only a few retinal (6—8) and vitreous cells. As in the ocellus,

each retinal cell ends above or within in ai rod-like transparent piece

;

there is frequently, also, in each vitreous cell, a peculiar refractile

body, which is closely united with its fellows of the neighbouring

cells to form the so-called crystalline cone (D, k)

.

Essentially different from the forms of eye already described,

where the retina invariably represents a specially developed area of

the epidermis, is the visual organ of V e r t e b r a t a, whose retina is

not epidermic, but a specially modified portion of the brain. These

eyes will be described in the section Vertebi'ata.

Besides the types of optic organ mentioned here, there ai-e still othei*s found

in certain 'animals, hnt they are simply specialised portions of the epidermis

(Platyhelminths, Lamelliln-anchs, etc.).

It should be noticed here, that not a few animals which have no

special visitah organs, are, nevertheless, sensitive to light; this is true.
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for example, of Earthworms, whicli withdraw with the greatest

rapidity into their holes if a strong light is thrown upon their anterior

ends, where the cerebral ganglion is situated.

6. Alimentary Canal.

Like the Amoeba, Metazoan cells undergo constant metabolic

change with consequent loss of material, and this is a necessary

condition for the continuance of the vital processes. In order to

make good this loss, they must feed. Unlike the Amoeba, however,

the individual cells are unable to obtain food direct from the

environment : there must be some special arrangements for nutrition

:

hence the develojDment of an alimentary canal. Food is taken

into this canal and there digested, i.e., reduced to a fluid state, so

that it can be absorbed by the wall of the digestive tract, and carried

to the various tissues of the body. Those portions which are not

digested and absorbed pass out again (excreta).

Whilst in most animals, secretions, by means of wliich the food is digested,

are pom-ed into the alimentary canal, there is another arrangement amongst
Coelentera and Sponges. No siich digestive juices are foimd here, but the food

comes in contact -with epithelial cells, and is digested and absorbed directly by
them. Smaller organisms, e.g., Diatoms, may even be entirely engulfed by the

epithelial cells. This also frequently occm*s among Flat-worms.

In its simplest form the digestive tract is a sac or a canal, which

communicates with the exterior by a single aperture only. This

opening then serves both as an entrance or mouth, and also as an exit

for the undigested portions of the food (Coelentera, Flat-worms)

.

In most animals, however, the digestive tract has two openings, a

mouth and an anus. It is then usually a long tube, with the

mouth at one end, and the anus at the other. It is frequently

divided into several regions, with different functions. In the simplest

cases, only three regions can be distinguished, the fore - gut
(stomodseum), which is often very muscular, and serves in difl^erent

ways for the ingestion of food: the mid -gut (mesenteron), which
is usually long, and in which digestion and absorption go on; and
the hind- gut (proctodgeum), which serves as an excurrent canal,

and as a reservoir for undigested materials (Nematodes, Annelids).
In other cases, the fore-gut is again divided into a large buccal
cavity, often provided with organs for the prehension and retention

of prey, or for the comminution of food (teeth) ; and a narrow
oesophagus. The mid -gut is frequently, as in Vertebrata,
divided into a capacious anterior portion, the stomach, and a
long narrow hinder part, the true gut or intestine (small intestine

of Vertebrata). The stomach is digestive, its walls are beset with
glands, which secrete a digestive fluid; whilst the intestine is

absorptive, though digestion goes on here also. More rarely the
hind-gut is also divided into several sections. Occasionally some
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portion of the canal is modified to form a gizzard for the
trituration of food. In some animals, e.g., the higher Crustacea, the
hind part of the oesophagus widens out, becomes muscular, and is

furnished within with hard denticles; in other cases, as in Birds,
it is the posterior region of the stomach.

Very frequently diverticula, Umd sacs of various kinds,
are found at different parts of the alimentary canal. Their function
varies: those belonging to the fore-gut serve only as provisional
reservoirs for the food which has just been taken in (crop in Birds
and Insects)

; those of other regions usually serve to enlarge
the canal, or to increase the digestive and absorptive surface
(diverticula of Leeches, caeca of Mammalia), but this may be effected
in other ways—by the elongation of the intestine, by delicate

foldings of the intestinal wall, or by some similar contrivance
(Vertebrata)

.

The digestive fluids are secreted partly by the epithelium of the
digestive tract; partly by minute glands imbedded in the wall,

especially of the stomach and intestine; and partly also by larger

glands, lying outside the alimentary canal, and communicating with it

only by means of their ducts. In many lower animals the glandular

activity is associated with the epithelium of the digestive tract

alone, whilst among more highly organised forms, the Vertebrata, for

example, it may be essentially or exclusively possessed by special

glands. The larger glands lying without the canal are variously

named, according to the region into which their ducts open ; those for

instance, which open into the buccal cavity, and which are often of

little direct use in digestion, serving only to moisten the food and to

facilitate its onward course, are called salivary glands; whilst

those which open into the intestine are usually termed liver. The
secretions of these glands differ in different animals ; the effect of the
" liver " secretion for example, is by no means always the same.

As to its minute structure : in its simplest form, the alimentary

canal consists only of a layer of epithelium, but connective tissue and

muscle may come to surround this, so that in a moi*e highly

specialised gut, the wall is composed of several layers : ^ntliin, a

layer of epithelium coated by a connective tissue sheath, often

including numerous little glands, the two being closely adherent, and

constituting the mucous membrane ; outside this there is a sheath of

muscle cells (the muscular coat) whose contractions are of great

importance for the passage of nutriment through the canal.

In only a few Metazoa is the alimentary canal wanting. In such

cases, either there is a functional mouth to allow of the entrance oi

food into the soft tissues of the body, and these perform the digestion

:

or, there is no mouth, and the food passes through the skin of the

animal by endosmosis. This, however, only occurs in parasitic

animals, especially in such as live in the gut of other animals, where
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they are always surrounded by food in a fluid or semi-fluid condition

(Cestoda, Acanthoceplaala)

.

Unlike plants, animals cannot feed upon inorganic substances. In

addition to water, tlieir food consists of other organisms, animals and

plants ; or of substances derived from tbem.

7. Vascular System.

In many of tbe lower animals, the digested food stuffs, after

traversing the walls of the alimentary canal, make their way

through the various tissues by a kind of endosmosis.* In most, the

arrangement is, however, somewhat more complicated; there is a

special system of branching canals which conveys the nutritive

material derived from the gut all over the body, to be absorbed

in part by the tissues, after having undergone certain changes

Avithin the vessels. This arrangement of tubes is termed the

vascular system.
The vascular network is sometimes very complete, the ultimate

branches ramifying throughout almost all the organs and tissues

:

usually, epithelia alone are non-vascular, deriving their nutriment

from the adjacent tissues. The vascular system may, on the other

hand, consist of relatively few definite channels which communicate

directly with the spaces of the body. In a well - developed

vascular "system, some of the vessels are distinguished by their

greater width, and from these main trunks, others are given off

to supply the various regions of the body. These latter, again,

give off" branches dividing into smaller and smaller twigs, and

finally terminating in a network of the finest vessels, traversing

the organs. The fluid flows from the larger into the smaller

trunks, and thence into the smallest of all, from which it is

conducted back into the large trunks by another set of vessels

which are also in communication with these minute ones. In

most cases there is, therefore, a circulation of the vascular

fluid or blood plasma, which is really to be regarded as

the digested food, although it must be noticed that it has

also received certaiu waste products of metabolism from the various

tissues. It is usually clear and colourless, more rarely coloured red

or green. Floating in it are numerous free cells, the blood
corpuscles, which are usually amoeboid and colourless ;t less

frequently some of the corpuscles are of definite form (unable to

throw out pseudopodia) , and red in colour. These red corpuscles,
which have the form of circular or oval discs, occur especially

* In many the distribution of the products of digestion is facilitated by the
branching of the alimentary canal, which is furnished with numerous diverticula
•of considerable extent {e.g., Medusse, Liver-fivikes).

t Their protoplasm may, however, contain coloured gi-anules.
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in the Vertebrata, where they are far more numerous than
the white ones. They are found also in many of the lower animals
{e.g., certain Chaetopods and Molluscs), but in these are less

regular in form. The plasma and corpuscles together constitute

the bl ood, the colour of which is usually dependent upon the colour

of the fluid portion, but in the Vertebrata upon that of the

corpuscles.

The blood coi-puscles usually originate in celliilar connective tissue, which
may constitute specialised organs, the lymph glands. They are therefore

connective tissue cells vv^hich have broken away from their point of origin and
entered the blood stream.

Since it is of importance that the blood should be in constant

movement, hearts are formed, i.e., the vascular walls become very

muscular in certain definite regions and can therefore pulsate,
or contract rhythmically, and thus drive the blood along.

There may be several hearts in the same animal : usually, however,

there is only one : or if there are more, one is characterised by its size

and strength, and is known as the heart; it is always in direct

connection with some of the largest vessels of the body, forming, as it

were, the centre of the whole sj^stem. The openings into the heart

are frequently guarded by peculiar folds, the valves, whose function

it is to regulate the blood stream by permitting a flow in one direction

only, blocking up the way if the blood tends to stream in the opposite

direction (see Fig. 22, l). Very often the heart consists of several

independent divisions, which are

frequently regarded as so many
aggregated hearts. The blood then

usually flows first into a thin walled

chamber, the auricle, and from

this passes into a thicker walled,

more muscular portion, the ven-
tricle, which is, apparently, the more

important of the two. Sometimes

it happens that several auricles open

into the ventricle (many Molluscs).

The vessels in Avhich the blood flows

towards the heart are termed vein s,

those in which it flows in the opposite

direction, arteries. The finest

vessels of all, which form a network

uniting the ultimate branches of

the arteries and veins, are termed

capillaries. They are often

altogether wanting, when they are to some extent replaced by

portions of the body cavity, Avith which the veins and arteries then

communicate directly, the blood flowing from the arteries into the

sinuses and thence into the veins.

Figr. 22. 1 Diagram of a simple

heart ; 2 of one consisting of an auricle

and ventricle, a ventricle, v auricle,

k valve.—Orig.
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The minute stractm-e of the vessels varies considerably ; the lining consists o£

a single layer of flattened cells, and these constitute the entire wall of the

capillaries; in other vessels the endothelial lining is usually surrounded by

connective tissue, smooth muscle fibres, etc., so that the walls of the large vessels

may be fau-ly thick.

Tor the lymphatic vessels peculiar to the Vertebrata, see that group.

8. Respiratory Organs.

The cells of the metazoan body, like the Amoeba, must have

oxygen in order to live : it must therefore be continually taken into

the body, and all the cells of the different organs must be supplied.

Further, the waste-products, resulting from the constant combustion

going on in the cells, must be got rid of : one of these vraste-products

is carbon-dioxide, a combination of carbon and oxygen (COj)

whose excretion alternates regularly with the absorption of oxygen,

whilst other waste matters are got rid of in other ways {see excretory

organs). The taking in of oxygen, with the giving out of carbon-

dioxide, is known as respiration, and the organs performing this

function are called respiratory organs. Some animals (air-

breathing) obtain oxygen from atmospheric air, of which it forms

approximately one-fifth. Others, on the other hand, make use of the

free (dissolved) oxygen which occurs in all natural waters.

The vascular system, when present, plays an important part in

connection with the introduction of oxygen and the removal of

carbon-dioxide. The blood in the vessels of the skin absorbs the

former, carries it through the body, giving it up on the way ; receives

the latter and returns with it to the skin, where it is expired and the

oxygen inspired again (cutaneous respiration) . In many animals, with

no respiratory organs, the digestive tract performs the respiratory

function. Air, or water containing air, is always swallowed with the

food, and the oxygen is absorbed during its passage through the

digestive organs (intestinal respiration). Many of the lower animals,

chiefly aquatic, but a few terresti-ial {e.g., Earthworms), are destitute

of special breathing apparatus, and respiration is effected by
endosmosis, which goes on over the whole surface of the body.

These forms are almost always thin-skinned, i.e., they are without a

hard, thick cuticle, or any other covering difficult for oxygen to

penetrate, and are almost invariably of small size—a small body
has, of course, a relatively larger surface than a large body of the

same shape.

Most auijnals are, however, provided with special organs of

respiration. The universally observed principle is that water con-

taining air, or atmospheric air itself, is brought into relation with a

large thin-skinned surface, through which oxygen is taken iu in large

quantities, whilst carbon-dioxide is given off
;

generally a capillary

net-work is distributed immediately beneath this skin.
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Those animals wliich are specially adapted for obtaining the
oxygen dissolved in Avater, usually breathe by means of gills, thin-
skinned appendages Avith a relatively large surface, which either
project freely from the body, or are situated in a cavity which
IS in direct communication with the exterior (branchial chamber).
An increase of surface may be obtained by simple extension,
by folding or branching of the gill. When the gills are enclosed
m a cavity, there is generally some special contrivance for causing
a stream of water to pass continuously, or at least frequently,
through it (many Crustacea, e.g., the Lobster, and Pisces); and
thus it is ensured that fresh currents of water, and therefore
fresh oxygen should constantly come in contact with the gills.

Amongst air-breathing animals, the respiratory organs are, as
a rule, thin-skinned, saccular ingroAvths, the lungs, com-
municating Avith the exterior by a larger or smaller aperture. The
respiratory surface is frequently increased by the presence of small

outgroAvths, which may themselves be sacculated, until the lung
becomes much bi-anclied, and its inner surface is extraordinarily

enlarged (especially in Vertebrata). In the Avail of the sac there

is usually, just as in the gills, a delicate vascular network.

A peculiar kind of lung, the system of tracheae, is pi-esent in many
Arthropods, and will be described in detail for the Insects.

Just as it is necessary for the gills to come constantly in contact

with fresh supplies of Avater, so the air in air-breathing organs must
be continually renewed. If the air remained stationary, the

lung Avould cease to act as a respiratory organ, for the oxygen
Avould be gradually consumed, and the air loaded Avith carbon

dioxide. The expulsion of air always takes place by the contraction

of the organ of respiration : the inception, as a rule, by its exjianding

again, so that the air remaining is rarified, and the outer air rushes in

to equalise the pressure. The special contrivances difiFer to a very

great extent.

The structure of the respiratory apparatus has a very great influence

upon the vascular system, whose disposition is largely deter-

mined by these organs. The following circumstance is of special

significance : it is adA''antageous for the organism to have the blood,

on leaving the respiratory apparatus for the other organs, as rich in

oxygen and as free from carbon-dioxide as possible, whilst, on the

other hand, it is important that blood floAving tOAvards the respiratory

organ should take along with it as much carbon-dioxide as possible,

in order to complete the gaseous exchange. This is always effected

by the accumulation of the so-called a' e n o u s blood, Avhicli has tioAved

through the organs and is rich in carbon-dioxide, in a large c o m m o n

reservoir, whence it is passed on to the gills or lungs. After the

carbon-dioxide has been exchanged for oxygen, the blood, AA'hich is

now distinguished as arterial, goes into a second large blood
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reservoir, whence it flows all over tlie body. This is the usual

arrangement in known animals with a respiratory apparatus and a

complete vascular system, but great variations occur within these

limits. Among many Invertebrates (Mollusca, Crustacea), the arterial

blood spaces are represented by the heart, which, as it receives blood

from the gills, is an arterial heart, and drives it all over

the body; the impure blood is carried into a large non-contractile

reservoir, a venous blood sinus, whence again it returns to the gills.

In Pisces it is entirely different : here the heart is represented by a

venous reservoir, which receives blood from the body and sends it to

the gills ; it is, therefore, a venous heart. Blood goes from the

gills to the aorta, a large non-pulsatile vessel corresponding to the

arterial reservoir, and passes thence to the body. In Mammalia and

Ave.s, again, there is another arrangement, for^ functionally, two
hearts are present, of which one, the right side of the organ (right

auricle and right ventricle) represents the venous reservoir, and

receives blood from the body and sends it to the lungs; whilst the

other (left auricle and left ventricle) replaces the arterial reservoir,

receives blood from the respiratory apparatus and distributes it all

over the organism.

It must be noticed here that the formation of special respiratory

organs is not accompanied by cessation of cutaneous and iiitestinal

respiration. These are, it is true, of very slight significance in many
animals, e.g., Mammalia ; in others, however, they play an important

part, especially cutaneous respiration,

A red substance, haemoglobin, present in the coloured corpuscles of Yertebrates,

is of gi-eat respii-atoiy importance, for most of the oxygen absorbed is not simply

dissolved in the blood-plasma, but enters into a loose chemical combination with

the hajmoglobin, from whicli it is easily separated again, and is seized upon by
the tissues as the blood travels through the capillaries. When the haemoglobin

is combined with oxygen, the blood is of a bright red coloiu", and is called arterial

blood ; when the oxygen has been given up, the blood looks dark red, and is

known as venous blood. The same, or a similar, substance is found in the red
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blood-coi-piiscles of lower animals, and is present in tlie red blood-plasma of
Cliajtopods and others. In the light-blue blood of Cephalopods, there is an
allied substance, haimocyanin, with the same function as liasmoglobin, whilst
the same, or a similar, pigment also occurs in the blood of other Molluscs
and in many Arthropods.

The constant oxidation (combustion) in the cell not only liberate.s

the energy manifested in the vital processes (protoplasmic movements,
muscle contractions, the peculiar behaviour of nerve-cells and
fibres), but also results in the production of heat. This heat is

dissipated rapidly from the surface of the body by radiation, and
in other ways, so that the temperature is but little higher in most
animals than that of the surrounding medium. The production

of heat is of paramount importance only in the so-called warm-
blooded Vertebrates (Aves and Mammalia), and here contrivances f(jr

its better retention are present, so that the body is kept at a constant,

tolerably high temperature, which may be very different from that of

the environment. The body requires, moreover, a certain temperature

of its own (differing in different animals), in order that its vital

processes can be nornially cari-ied on.

Sound-producing Organs.—Many animals are able to prodiice sounds
of different kinds. This faculty is mentioned here, not because it is related

to the special respiratory process, but because the sound-jiroducing organs of

air-breathing animals (which are specially endowed with this power ), are usually

connected with the respiratory appai-atus. Thin laminae or folds of skm
(vocal cords), are often present at the entrance of the au* passages, and
can be set in vibration by the expired air. Not only is the voice of most
Vei"tebrates produced in this way, but also many of the sounds made by Insects.

The utterance of soimd may, however, be wholly inde^Dendent of the respiratoiT

organs. Certain shrill and rattling noises in Insects, Crustaceans, Fish, etc., are

caused by hard siu-faces being rubbed against one another. The buzzing sounds

of Bees and other flying Insects are produced by movements of the wings. These

various soimds sei-A^e partly as a means of communication with individuals of the

same species, partly to terrify enemies.

Phosphorescent Organs.—Luminosity which is met with in many animals,

especially among the Invertebrates, is closely connected with the respii-atory

process. The production of light is usually confined to certain cells, in

whose protoplasm a fatty substance is present: oxygen imitcs with this

substance by a kind of combustion, producing hght, but not necessarily heat.

Very many animals of different groups exhibit this phenomenon (though of

coiirse the great majority are non-luminous), svich as Protozoa, Ccelentei-ates.

EchinodeiTus, Chsetopods, Crustaceans, Insects, Lamellibranchs, Cephalopods,

Ascidians, Fish. This luminosity has no connection with that exhibited by dead

animals, e.(/., Pisces, which is caused by certain Bacteria: leaving it a question

whether the light emanates from the decomposing tissixes or from the

Bacteria themselves.

9. Excretory and Urinary Organs.

By the chemical processes in the cell, certain other matters, beside-

carbon-dioxide, are formed, Avhich cannot be further employed by the

organism; the most important are the nitrogenous waste products,

urea and uric acid. For their removal, special glandular organs, the
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ui'inary ov excretory organs (kidneys) ^ are present in most

animals. They are usually tubular or sac-shaped glands opening on

to the surface of the body or into the hinder part of the alimentary

canal. The secretion (the urine) is either entirely liquid or it contains

hard, granular, or crystalline concretions. Sometimes a vesicle (a

urinary bladder) is formed, which serves as a reservoir for urine ; it

may either be a widened region of the canal of a single gland, or of

an excurrent canal common to several. In many animals, however,

are other organs also excretory in function; amongst some

of the Chgetopoda, the cells of a certain part of the alimentary canal

secrete hard concretions,* which are, undoubtedly, urea ; such occur

also in the hind gut of the Rotifers, and in some of the liver-cells of

the Gastropoda ; also in the epithelium lining the body-cavity of

certain Chaetopods, and of Sharks, urea is formed, and is eliminated

in different ways.

The waste products are, however, not always removed from the

body; in some, probably in many, cases, they are stored up in cells

which have no connection with the exterior. This occurs, e.g., in

certain Fly-larvee where a mass of cells containing excretory deposits

surrounds the heart ; in a Slug, whose true kidney i§ degenerate, cells

containing concretions of uric acid are scattered throughout the body
{See also Tunicata.)

The pigments so abundant in most animals, may also, in part, represent waste
products, wHch haTS accumulated in cells in the way just mentioned. In other
eases large masses of pigment are regularly removed from the body : the pig-
ment present in the cuticle, particularly in the hair and feathers.f is got rid of
by ecdysis in many animals, by the shedding of hair in Mammals, by moulting
in Bii-ds.

10. Reproduction and Reproductive Organs.

Reproduction, the formation of new individuals, occurs in the
Animal Kingdom in two quite different ways, sexually and
asexually. Asexual reproduction will be first considered in its

two forms of fission and gemmation.
In fission, a longitudinal or transverse furrow appears on the

individual concerned, and gradually deepens, until finally, the
organism divides into two approximately equal pieces, which grow
whilst the process is going on, or after it is complete, until each has
attamed the size of the parent. Less frequently division occurs
without the preceding constriction, the animal breaking suddenly into
two pieces. Gemmation differs from fission in that only a small
part of the body of the original individual develops (by rapid groAvth)
into a new animal, so that it is possible to distinguish between the

* Small bodies lying in the protoplasm.

t The pigment present in the epidermis and hair of Mammalia is, at any rate fortne most part not foi-med in situ, but is brought there by wandering ceUs whichmigrate into the epidermis from the subjacent connective tissue
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parent and hud ; in fission, the two individuals are exactly
alike. These methods of reproduction are, however, not sharj^Iy

defined, so that it is often quite impossible to say whether fission or
budding has taken place. In the course of the special part, various
instances of asexual reproduction will be met with, especially in

Ccelentera, Platyhelminths, Chtetopoda, and more rarely in

Echinoderms, in addition to the Protozoa.

Often in gemmation or fission the new individual does not separate

completely froin the other, but remains in more or less intimate

connection with it. In this case, if division is repeated, the result is a

colony or stock consisting of a varying number of animals,

produced by asexual reproduction from one original individual. The
members of the colony have lost their independence to an extent

corresponding with the closeness of their connection with one another

{see special part). Stocks or colonies occur especially in Coi*als,

Hydroids, Tape-worms, Polyzoa, and Tunicates.

Regeneration.—Nearly akiu to asexual reproduction is the power of

replacing parts of the body which have been lost by some accident, by new
formations resulting from growth of the tissue nearest to the woimd : the edges

of the epidermis form new epidermis; the connective tissue, new connective

tissue, and so on. Different animals display this faculty in very different degi'ees.

In Mammalia, for instance, it hardly appears at all
;
they can, indeed, repaii-

injured epidermis and the hke, but the loss of lai'ger portions of the organism

{e.g., tail, limbs) is not made goodi It is more evident in certain lower Yei-te-

brates, e.g., Lizards, where the tail may be reiilaced, or in Newts, which can not

only form a new tail, but also new limbs. Amongst Invertebrates, even in so

complex an organism as the Eai-thworm, large tracts of the body can be

regenerated; indeed, in some animals, the power of repair is so great that,

when cut into two or more paits, they grow out into as many new animals ;

the best known example of this is the Fresh-water Polyp [Hydra).

Whilst asexual reproduction occurs in some animals and is

wanting in others, all Metazoa exhibit sexual reproduction, which

consists essentially in the development of a single cell, after

liberation from the parent, into a new individual. Every cell in

the Metazoan body has not this capacity, but only certain peculiar

ones called ova. As a rule, the ovum cannot develop by itself

into a new individual; it must first be fertilised, i.e., it must

unite with another cell, usually of a smaller size, and always with

special properties, a spermatozoon.
The ovum is generally rounded, often spherical. Like other

cells it consists of protoplasm with a nucleus, the germinal
vesicle, which often encloses a large nucleolus (or several), the

germinal spot. The ovum is often surrounded with a covering

of varying thickness, the vitelline membrane, in which may

be one or more openings for the entrance of the spermatozoon. In the

protoplasm, there are usually numerous fatty or albuminous particles,

the yolk granules, spherules, o r discs, which are all called yolk

gran tiles, or in contrast to the protoplasm in which they lie,

the de Utopias m.
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Compared with, other cells the ovum is almost always large : in

many cases, e.g., the Mammalia, it is, however, microscopically small

;

but in others where there is a large quantity of deutoplasm, it attains

Pig. 24. Human ovum.
a vitelline membrane, b

protoplasm, c nucleus.

—

After Kollikev.

Fig. 25. Diagram
of an ovum, with
many yolk-spherules.

d protoplasm, b, with
the nucleus, c, chiefly

accumulated at one
pole. — After Hert-
wig.

mil li

a colossal size (Squalidte, Aves) . In this case it frequently happens

that most of the protoplasm, with the nucleus, accumulates at one

pole, whilst the chief mass of the egg consists of yolk held together

by the rest : or the j)rotoplasm forms a thin layer over the whole

surface, whilst the inside consists principally of deutoplasm (Insecta).

The spermatozoon is, at first, a single small cell consisting of

protoplasm with a nucleus, and it may remain in this condition

(Fig. 26, 1) ; but

as a rule, when
mature, it is not

so simple : very

frequently it con-

sists of a thickened

part, the head, and

a long, thin, whip-

like tail, by the

lashing of which
it moves actively

along. The head

consists of the mo-
dified nucleus; the

protoplasm merely

forms the tail,

which may be re-

garded as a giant

flagellum. This

kmd of spermatozoon is met with in many animals belonging to
very different groups, but it may assume a variety of other forms.

Genital Organs—The formation of ova and spermatozoa is

usually confined to special regions of the body, and as a rule, but not
always, to definite organs. The organ in which the ova are formed is

D

Fig. 26. Spermatozoa of different animals, 1 Crustacean
(Thysanopus), 2 Crab, 3 Man, 4 Salamander (with a flattened-
out tail), 5 Beetle, h head (nucleus).—After different authors.
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called the ovary. Its structure differs largely in ditfei-ent animals
;

it always, however, contains egg-cells in different stages of develop
ment, held together by connective tissue. Frequently the ovary is a
hollow, glandular organ which is continued into a tubular oviduct.
The ripe ova break loose, fall into the cavity of the ovary, and reach
the exterior through the oviduct. In other cases it is a compact
organ, attached to the wall of the body cavity; the ova fall

into the 'body cavity and pass out by a tube opening into it at

one end and to the exterior at the other. Before leaving the body of

the parent, the ovum is often enveloped in different hard or soft

coverings (albumen, shell), secreted by glands opening into the

oviduct. Saccular evaginations are frequently present for storing the

spermatozoa received during coitus (receptacula seminis). Further,

part of the oviduct is often expanded to form a uterus in which the

eggs may be retained for some time, often until they have undergone

a part of their development.

"When the ovum has attained its full size, the nucleus moves to the sui-face,

and divides into two. The protoplasm imdergoes corresponding division, but

into two unequal parts, so that before separation, one part looks like a

little bud of the larger egg-cell : a second small cell is constricted ofE in

Fig. 27. Diagram of the formation of polar
bodies. In the left figure the first, in the middle
the second, polar body is shown in process of

formation ; the right figure shows the ripe ovum
with both.

the same way ; and as soon as these polar or directive bodies are

formed, the ovum is mature and ready for fertilisation. The fii'st polai- body
may sometimes divide again, so that altogether three are present. They ai*e

formed whilst the ovum is still in the ovary, or soon after its liberation ; later,

they atrophy.

The spermatozoa are formed in the testis, which contains

sperm-cells in different stages of development. The testis even more

often than the ovary has a glandular structure, and the spermatozoa

usually pass out by a duct, the s e m i n a 1 duct or vas deferens,
with which it is in direct connection. Organs for the transmission of

the spermatozoa into the female apparatus are often present at the

external opening of the duct (copulatory organ, penis). Sometimes

the genital products which pass from the male to the female are

enveloped in a sheath formed by the hardened secretion of certain

glands opening into the vas deferens. Such a mass is called a

spermatophore (Cephalopoda)

.

In most species, some individuals give rise to ova only (females),

and others to spermatozoa (males). There are, however, many

animals, e.g., many Gastropods, which produce both : these are

known as hermaphrodites. In this case there is either a

specialised ovary (or more than one) and a specialised testis in the



II. Organs. 10. Reproduction and Reproductive Organs. 35

same animal, or the ova and spermatozoa are both formed in a common

li e r m a p li r 0 d i t e g 1 a n d.

In many lierniaplirodites, ripe ova and spennatozoa are produced at the

same time. In others, however, either the ova are foimed first and the sper-

matozoa later, so that the animal functions first as a female, then as a male

(protogynons hermaphi-odites, e.g., Salpa; or they first produce spermatozoa,

later ova (protandrous hermaphrodites, e.g., certain Nematodes),

Secondary Sexual Characters.—Distinctions between males and females

•other than those resulting from the different nature of the genital organs

(primary sexual characters) are of frequent occurrence. The male is provided

with special organs, or parts of the body are specially modified for holding the

female during copulation (Water-beetles) ; or they possess special weapons for

fighting with other males dimng the breeding season (Stags) ; or they are

specially ornamented with bi-illiant colours, peculiar excrescences, etc. (many
Bii'ds). On the other hand, the female may be provided vsdth organs of importance

in rearing the yoimg ones (mammary glands of Mammalia), whilst the male
is more rarely specialised in this way (Pipe-fish). There is often a perceptible,

or even considerable, difference in the size of the sexes ; sometimes the male is

lai-ger than the female (many Mammals, Birds, and Insects), in other

•cases (Bu-ds of Prey, Roimd Worms) the female is the larger : the diffe-

rence is sometimes extraordinarily great, as in many parasitic Omstacea,
where the males only attain a fraction of the size of the female ; or again in

an Annelid (Bonellia), where the males are microscopic, and entirely different

in appearance from the fairly large female
;

indeed, they were at one time
regarded as parasites of a distinct species, since they live within the oviducts.

Fertilisation is effected by the entrance of the spermatozoon
into the ovum, and their ultimate fusion. There is evidently a

peculiar mutual attraction between ova and spermatozoa; not only12 3 4

Fig. 28. Diagram of fertilisation. h female pronucleus, male pronucleus.
In 4, union has taken place. See Text.—Orig.

does the ovum attract the spermatozoon, but at the approach of

the latter its protoplasm may rise up to form a small papilla. After
entrance, the spermatozoon loses its tail or protoplasm, if it possess
any, and its head (nucleus), which is now called the male pronucleus,
enlarges, gradually approaches the nucleus of the ovum (female
pronucleus), the two come to lie side by side, and finally fuse.

This union of the nuclei is evidently the essential part of fertili-

sation
; when it has taken place the egg is able to segment and thus

to give rise to a new organism. {8ee Sect. IV.—" Ontogeny.")
The ovum is fei-tilised by one spermatozoon only, and as a rule only one enters

even though thousands may be swarming round. This is due to the fact that
when a spermatozoon has entered, the ovum undergoes certain changes which

D 2
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prevent the entrance of others ; in Echinoderms, for instance, a delicate mem-
brane is secreted over the sui-face. In some cases, however, several sperm-cells
penetrate the ovum {e.g., Squalida)), but only a single one imites with the female
pronucleus, the rest move aljout in the protoplasm for some time but eventually
disappear.

For the phenomena in Protozoa corresponding to the fertilisation of Metozou
see Special Part.

Ill many cases, most Fish, Frogs, etc., fertilisation occurs in the

water outside the body of the parent. The female lays the eggs and
at the same time, or soon after, the male deposits the spermatozoa.

The genital products are mingled together, and the spermatozoti

have an opportunity of making their way into the ova. In other

cases fertilisation takes place in the oviducts of the female, intcj

Avhich the spermatozoa are introduced by the male copulatory organs
(copulation).

Copulation is not always foUowed immediately by fertilisation. In many
animals spermatozoa may be retained within the body of the female for a long
time without losing their efficacy. (In Hens, two to thi*ee weeks ; Bats, as many
months

;
Queen-bees, three years.) Frequently the ova are very immatm-e when

it occm's.

As regards hermaphrodites, it is very seldom that self-fertilisation

obtains, i.'^., that an ovum and a spermatozoon from the same
individual unite

; hermaphrodites almost always copulate, and then

fertilisation is either reciprocal, or one individual only, gives

spermatozoa to the other.

Hybridisation.—An ovum under ordinary circumstances is-

fertilised by a spermatozoon which has been formed in an animal

of the same species. In most cases, however, it is possible for

ova to unite with spermatozoa of a nearly allied species; indeed,

copulation between two more distantly connected species may some-

times occur.* As a rule, such a union results in a new organism,

a hybrid, which is more or less imperfect. For instance,

hybrids, even of nearly related species are very often sterile,

i.e., they are unable to produce ripe ova or spermatozoa, although

they may be otherwise strong and well-developed animals, e.g., the

mule of the Horse and Ass. In other cases the hybrid is feeble and

dies young, or even does not outlive the embryonic period (hybrid

of pheasant and Domestic Fowl). On the other hand, however,

there are hybrids quite as well developed as the parent species,

and also perfectly fertile. This holds for the crosses between certain

species of Stags, different species of Pheasants, the hybrid of the

Chinese and European Goose, &c.

* It has been recently found by experiment, that Frog's spawn can be fertilised

by the spermatozoa of the Newt, and the eggs of Regular Sea-urchins by the sper-

matozoa of IrregiUar species ; but development is usually irregular and soon ceases.

On the other hand, there are nearly allied forms whose genital products will not

unite ; and there are sijocies which give remarkable results in that ova from one. A, can

be fertilised by spermatozoa from another, B, but not ova from B by spermatozoa

from A.
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Under natural conditions, hybrids occur relatively seldom. On the border-

land between the ranges of two species (see section V.), hybrids are, indeed,

often fovind, and in some groups (Fresh-water Trout), seem fairly common. The

interbreeding of species is hindered, amongst other things, by the fact that the

individuals of different species, at least in a state of natm-e, are generally

disinclined to pair.

Just as the offspring of a imion between remote species is unhealthy, so

also is that produced by too close in-breeding; if the offspring of the same

parents, or if other near relations are mated, and this close breeding continues

for several generations, the descendants gradually show a marked deterioration

of one kind or another.

Parthenogenesis.—The development of an ovnm into a new
individual is generally dependent^ as already stated, on its being

fertilised : but in not a few animals, it has been observed that the

ovum can develop without fertilisation. This peculiar

modification of sexual reproduction, which occurs in Platyhelminths,

Insects, and Crustacea, is called parthenogenesis, and although

in some forms where the unfertiHsed ova usually atrophy, it may be

exceptional (Silk-worms), yet in other cases it is quite an ordinary

phenomenon. In many species there are whole generations which

consist exclusively of females, so that the eggs cannot possibly be

fertilised, and yet they develop nevertheless (Aphides). Amongst
other forms the male seldom or never appears. In Bees and other

Hymenoptera, all the fertilised eggs develop in a remarkable way
into females, whilst the unfertilised ova become males (see also the

Special Part, Trematoda, Aphides, Daphnidae, and Insecta)

.

In some animals, althoiigh parthenogenesis does not occm* regularly, it is yet

suggested. It has been foimd that development begins in an unfei-tilized Hen's
egg for instance, but does not go beyond the very first stages (segmentation),

which ai-e followed by degenei'ation. The same thing has been observed in the
ovum of the Rabbit.

Ova, which are, as it were, predestined not to be fertilised
;
which, for example,

are produced from generations consisting only of females, are pectiliai" in giving
origin to one polar body only (summer eggs of Daphnia). It is a question
whether the eggs of Bees, which sometimes are fertilised and sometimes are not,

throw off two polar bodies as is customary. It has been observed in some ova,

which are usually fertilised, but which can develop parthenogenetically to a
cei-tain point, that the nucleus for the second polar body always forms ; but if

fertilisation does not take place, it unites again with the egg nucleus, and
subsequently plays the part of the missing male pronucleus (Roimd-woi-ms,
Star-fish).

Alternation of Generations.—Some animals reproduce both
sexually and asexually : many Corals can produce new individuals by
budding as well as by ova and spermatozoa, and this is true also of

<jertain Annelids and Ascidians. In other cases, however, those
individuals which give rise to buds, do not produce sexual cells;

asexual reproduction is restricted to some members of the species,

sexual to others, and there is a more or less regular alternation
of sexual and asexual broods or generations ; asexual individuals
produce, by gemmation or fission, sexual individuals whose fertilised
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ova again become asexual animals : or, two or moi-e asexual

generations are followed by a sexual brood, these again by more
asexual generations. Such a regular alternation of sexual and
asexual broods is known as alternation of generations,
tbe generations may resemble one another, but usually thej'' differ,

often very considerably (Hydroids, Tapeworms).

Heterogony.—The alternation just mentioned occurs between
sexual and asexual generations, but in many animals a generation

consisting exclusively of females, which reproduce parthenogenetically,

alternates with another which consists of males and females giving

rise to fertilised ova. There is generally some difference between the

virgin and the sexual generations. A simple form of such alternation

occurs in certain species of Gall-wasps, which cause oak-galls; a

female generation here alternates regularly with a generation con-

sisting of males and females. The process is more complicated

in the Aphides, where, during the summer, several generations

of females appear in succession until, finally, a sexual generation

is produced ; the fertilised eggs rest through the \\dnter and

become the first virgin brood of the next year; there are,

therefore, several parthenogenetic generations to each sexual genera-

tion. In the Vine-louse {Phylloxera) there is a further complication,

not only is the sexual very different from the parthenogenetic

generation, but of these one differs considerably from the rest. Such

an alternation of virgin and sexual (or hermaphrodite) generations

occurs not only among Insects but also in various Crustacea and
Platyhelminthia

.

Amongst those animals which reproduce only by fertilised ova,

successive generations are almost always alike ; a regular alternation

of generations of different appearance is found only exceptionally,

and in consequence of special conditions. In certain butterflies, for

example, two generations, consisting of both males and females, occur

annually. The winter-brood, having wintered as pupjB, appears in

the spring as perfect insects : their eggs give rise to the individuals

of the other generation, the summer-brood,''^ from which they differ

considerably in coloration (seasonal dimorphism). A hermaphrodite

Nematode {Rhahdonema nigrovenosum) , is parasitic in the lungs

of Frogs and Toads ; its embryos develop into another generation

which is free-living and of separate sexes, and which is essentially

different in appearance from the hermaphrodite generation. The

embryos of the free-living generation re-enter the Amphibia, and

become hermaphrodite worms like their grandparents. Some other

Nematodes exhibit the same peculiarity : an altei'nation of a

hermaphrodite generation, which leads a parasitic life, with a dioecious,

free-living generation.

* Instead of o n e summer-brood, there maybe two (i.e., three genei*ations annually).
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Under h e t e r o g- o n y, are included all cases of regular
alternation between sexual g e n e r a t i o n s, whether these

differ in appearance or in their mode of propagation, therefore alter-

nations of parthenogenetic and dioecious generations, as well as

seasonal dimorphism come under this heading.

Heredity.—The offspring produced by an animal or by a pair

of animals is, generally, when fully developed, just like its parents.

This similarity extends not only to specific characters

(see Section V.), but, in great measure, to the individual
peculiarities of the progenitors. But such features are not always

inherited, some may be passed over : frequently, also, the offspring

exhibits a greater resemblance either to the male or to the female

parent; or again, the young ones may, under the influence of the

environment differ in small points from the parents.

Sometimes characters which are present in an animal do not

appear in its offspring, but skipping that generation, are seen again

in the next. An animal may thus possess certain peculiarities which

are present, not m the parents, but in the grandparents
;

indeed,

characters from still further back in the line of ancestors may
reappear : this peculiarity is called atavism.

The phenomena referred to above (metagenesis and heterogony)

are not opposed to the fundamental principles of heredity. Even if

the offspring is unlike the parent, and sometimes very unlike, yet it

always bears some resemblance to an earlier generation ; no persistent

deviation is produced in these cases which may perhaps all be
regarded as regular atavisms.

11. The Relations of the Organs to One Another.—
The Body Cavity.

The org'ans mentioned above form the metazoan body, and are usually

held together by connective tissue. This often fills up the interspaces,

so that the animal forms a compact mass (Platyhelminthia) ; it is

not the case, however, in most animals, where there is a large body-
cavity, in which some of the organs, viz., the digestive tract, the
excretory and genital organs are enclosed, being generally fastened to

the walls by threads, or thin sheets (mesenteries) of connective
tissue.

The body cavity is often divided into compartments by septa : in
Mammalia, for example, by the diaphragm, into thorax and abdomen

:

in Chaetopoda by transverse septa into many compartments. The
body-cavity is usually more or less completely filled with organs
known as the "viscera," the remaining space containing a fluid, which
IS sometimes blood, since the vessels are frequently in free com-
munication with it. Besides the body cavity, other spaces may be
present, of various forms, sizes, and significance, and filled with a
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fluid, wliicli is for the most part to be regarded as exuded blood

plasma. Such are the synovial cavities of Vertebrata.

12. Rudimentary Organs.

Besides the great majority of organs which evidently perform

definite functions, structures are occasionally found which are of no

importance to the animal, the so-called rudimentary organs.
The hind leg of the Greenland Whale may be cited as an example

of such an organ. It consists of a femur and a tibia, both of which are

concealed beneath the skin, and have entirely lost their function.

The "wolf tooth" of the Horse affords another example of a

rudimentary organ ; that in the lower jaw especially, is an instance of

extensive reduction, for, though it is formed in the customary way, it

is very seldom cut. The eyes of Myxine (the hag-fish), Proteus, and

many other blind animals ; the wings of Apteryx (the kiwi) and

other Struthious Birds ; the minute wings of many female Butterflies

are examples of rudimentary organs.

It may seem strange that these rudimentary and functionless

organs are so generally present, but further consideration renders

their existence less incomprehensible. Rudimentary organs which

are now useless, were, in ancestral forms {see Section V.), functional

and useful parts. The adaptation of the animal to a new and peculiar

environment rendered them useless, and during the development of the

existing form, they became reduced and functionless. It must, for

example, be admitted that the Whale is descended from a Mammal,

which, like most other Mammals, was provided with Avell-developed

hind limbs, but these were gradually reduced by the adaptation of

the animal to an aquatic life, while the tail came to function as the

essential locomotor apparatus. A similar explanation can be given

for the other cases cited above.

This explanation does not, however, hold for every rudimentai-y structm-e.

Such pai-ts as the radimentary mammary glands of male Mammals, the nidi-

mentary oviducts of male Amphibia, the rudiment of a copulatory organ in many
female animals, etc., are to be accounted for m another way. Those parts which

are always present in one sex in a well-developed and functional condition have

probably been transmitted by this sex to the other. The mammary glands, for

example, were probably, first of all, present only in the female, and haA-e been

inherited by the male ; the copiilatory organs, conversely, usually present at fii-st

only in the male, have then been transmitted to the female in an incipient state.

III. Fundamental Form and External

Configuration of the Body.

In a small number of animals, Echinoderma and Coelentera,

the body is so constructed that it may be divided into a number

of neai'ly congruent radially-arranged segments, a n t i m e r e s (rays)

:
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such animals exhibit a radial symmetry. Their individual

organs must naturally either have a radiate structure also, or be

equal in number to the antimeres.

Most Metozoa are, however, bilateral in plan: the body is

capable of division into two nearly equal parts, which are similar to one

another, looking-glass-wise, but are not congruent; the parts of the body

are here symmetrically disposed in relation to a median plane.

One of these types governs the structure of all Metazoa. Neither

is, of course, ever carried out with quite mathematical precision,

but in many cases it is clearly manifested throughout the Avhole body.

In other cases, variations are obvious; in many Ecliinoderms, for

instance, the body can be cut into five parts, which, indeed, shew

many points of accordance, but are yet far from identical. This

is true also for many bilateral animals : amongst Vertebrates, for

example, most of the organs are usually symmetrical in form and

arrangement, but as a rule, the greater part of the digestive tract

in the adult is an exception, though in the youngest embryos it

is symmetrical ; still more aberrant is the condition in others, for

the symmetrical type is clear only in certain parts of the body,

whilst in most regions it is difficult to make out (Gastropoda).

In some groups the bilaterally symmetrical body is divided

into a series of similar segments (metameres) . The segmental

arrangement of many Chretopoda is representative of the simplest

form of this metamerism. The body is composed of a number of

segments or rings, Avhich, from the first to the last, are essentially

alike, both externally and internally : each ring contains a pair of

excretory organs, a pair of nerve ganglia, is provided with a pair of

parapodia, etc. Amongst other metameric animals, e.g., the Arthro-
poda, the segments are not as a rule so uniform in structure.

Amongst bilateral animals, a dorsal and a ventral side may be
distinguished, and further, an anterior and a posterior end. The
ventral side is that part of the body which is turned downwards
when the animal is moving ; the other is the dorsal side : or more
exactly, that side of the body which, in the majority of animals
belonging to a large natural group, is turned downwards, is known in

a 1 1 the members as the ventral surface ; the overlying surface is

dorsal. In all Gastropods, for example, the ventral side is that which
is provided with the so-called foot, and this holds good for all the
group, even when, as in pelagic forms, the foot is turned upwards.
The anterior end is usually characterised by the presence of

the mouth, of certain sense organs, and of a large portion of the
central nervous system (the brain) ; and by being usually directed
forwards during locomotion : it is often marked off from the rest of the
body, or in some way developed in contrast to it, and then it is known
as the head. The opposite, posterior end is often also peculiar in

construction, e.g., it is thinner than the rest of the body, or specially
muscular, and then is called the tail.
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Movable appendages, which subserve locomotion, are called

limbs. Th'ey are -usually elongate, and often jointed. Ajncng the

lower animals they play only a small part, whilst in the Arthropods

and higher Vertebrates they become important as locomotor organs.

Of other important appendages may be mentioned the tentacles,

antennae, etc., of diife.rent animals, employed as tactile or prehensile

organs [see also under skin) . The end of an outstretched appendage,

farthest from the body, is called the distal, that which is nearest,

the proximal, end.

IV. Embryology or Ontogeny.

Embryology treats of development from the egg to the

mature organism, that is, the changes which the individual under-

goes until it reaches the adult form. As a matter of fact, the animal

changes continually during its entire existence, and the developmental

history should really, therefore, embrace the whole life. Prac-

tically, however, it is restricted to the earlier periods, when changes

are more obvious than they are later.

A special interest attaches to the earliest stages in most

Metazoa, for they exhibit striking confonnity, a characteristic

common type, in spite of numerous individu.al modifications.

1. In the simplest cases (Fig. 29), development begins with the

division of the ovum into two nearly equal cells, each of which

divides again into two, in a radial plane, so that the result of the

segmentation, as this process of ^ division is called, is a number of12 3

Fig. 29. Stages in the development of the ovnm of a Nemertine (Lineus). 1 The

egg divided into two cells. 2 Young blastnla mth small segmentation cavit3'. 3—4

Later stage of segmentation with larger segmentation cavity. 5—6 Younger and older

gastrulse. 1 seen from the surface, the rest are sections, cs segmentation cavity, ec

epiblast, en hypoblast. UT Arohenteron.—After Barrois.
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nearly equal radial cells composing a sphere. These cells gradually

move away from one another, so as to surround a, centra! cavity filled

with a liquid, the segmentation cavity; thus the wall of the

sphere, the so-called b 1 a s t u 1 a^ consists, of a ..single layer of cells.

When this stage is reached, an invagination of half the sphere

into the other half takes place, so that it forms a cup or sac with a

double wall. The layers of this wall are separated from one another

by the segmentation cavity
;

when, however, as often occurs, it is

completely obliterated by the invagination, they lie close together.

This stage is known as the gastrula stage. The outer layer of

the gastrula is called the e p i b 1 a s t or outer g e rm - 1 a y e r ; the

inner, the hypoblast or inner g e r m - 1 a y e r . The cavity of

the sac is called the archenteron; its opening the blastopore
or g a s t r u 1 a - m o u t h.

2. In other cases, of frequent occurrence (Fig. 30), the cells of the

blastula are not of equal size, but those which form the hypoblast are

larger (richer in yolk) than the rest. Segmentation, invagination,

etc., proceed as in case (1).

Fig. 30. Different stages in the development of the ovum of a Water-snail {Planorbis).
1—2 Stages in the segmentation, 3 section of a blastula (the large hypoblast cells aie seen,
below), 4 gastrula, en hypoblast, kh segmentation cavity, m mesoblast, o blastopore,
r polar-bodies.—After Eabl.

The early development of a large number of animals takes place
in one of these ways; Coelentera (for these see also p. 45), Porifera,

Echinoderma, many Worms, Molluscs, one Vertebrate (Amphioxus),
Tunicata.

3. In some cases (Fig. 31) which otherwise adhere to the order
described under (2), the cells which form the hypoblast are very

Fig. 31. Section through the egg of a Chaatopod (Nerein) at different stages of
development. In 3, the gastrula is fully formed, but the blastopore (below, to the left)
18 still open

;
m 4 It is closed, and the formation of the mouth (s) has begun, ek epiblast,

en Hypoblast, / oil globules, m mesoblast, s developing mouth. The vitelline mombrano
18 removed in the first three figures, present in the last.—After Gotte.
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1 a V g e, and the s e g in e n t a t i o n cavity is w a ii t i n g, or is very
small. In such cases the gastrula appears to be formed in a manner
different from the foregoing: the epiblast cells, which originally form a
cap upon the hypoblast, gradually grow round it, and the hypoblast
itself often encloses no archenteron, but forms a compact mass.

In the first and second types of gastrula formation described above, the
blastuhx grows directly into the gastrula by a modification of some cells to form

the hypoblast (Fig. 29, 4, 5j. In the blastula,

the outer end of these cells is the wider,
but they gradually alter in shape until the
inner ends are wider than the others, which
results simply from a difilerent arrangement
of their protoplasm (protoplasmic move-
ments). This change in the shape of the
cells must necessarily lead to a flattening of

one side of the blastula and then to its

invagination. Simultaneously an altei-ation

occui-s in the epiblast cells : these become
shoi-ter and wider, so that they can extend
over a lai-ge area. Whilst the invagination

remains, the original relations of hypoblast

and epiblast are retained. The epibolic
gastrula (gastrula by overgi-owth) described

under (3), is j)robably formed in the same way.

There is no need to assume that the epiblast cells get loose from the hypoblast

and grow over it. It seems that the wide outer ends of the hypoblast cells

(Fig. 33, 1) gradually become narrower, and the inner ends broader, whilst the

epiblast cells at the same time spread out, so that, by the same process as in

the invagination of the typical gastrula, they gradually enclose the hypoblast,

withoiit its being possible to speak of an active migration of cells, and without

the contiguous surfaces of the epiblast and hypoblast cells being altered.12 3

Fig. 33. Diagrammatic figure of the formation of the epibolic gastrula (See Test).

1 youngest, 3 oldest stage, e hypoblast. The letters a and b indicate the same points in

all three figures.—Orig.

4. In many lower Yertebrata (Cyclostomi, Sturgeon, some other

Pisces, Amphibia) the blastula wall does not consist of a single layer

as in the cases mentioned above, but is many cells thick (Fig. 34, l)

;

the cells are larger on one side of the sphere than on the other, and

contain much yolk. This part of the blastula is iuvaginated, and a

gastrula is formed as before (Fig. 34, 4) ; but part of the hypoblast

is very thick, so that it stands up into the archenteron as a large boss.

Fig. 32. Gastrula of a maiine
Gastropod (Naticn). formed in the
same way as the gastrula in Fig.

31, from which it differs in the
possession of an archenteron.

—

After Bobretzsky.
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The cells composing- this mass are destined to degenerate later on, and

to serve as food for the rest (food yolk). The invagination too,,

occurs in a somewhat peculiar way: first of all, a fold is formed on

one side of the blastula (Fig. 34, 2), and gradually surrounds the-

ovum ; then it grows down over the lower portion of the egg, so that

this comes to project into the archenteron.

Fig. 34. —Formation of the gastrula in Amphibia, diagrammatic, longitudinal section..

1 Blastnla. 2 The invagination has begun at i (the corresponding place in 1 is indicated
by an arrow) ; the invagination is in the form of a furrow, but does not yet surround the

egg. 3 The invagination is proceeding. 4 Perfect gastrula ; the archenteron is almost
filled with a projecting part of the hypoblast, which is later dissolved and absorbed by the-

embryo, eh epiblast (light), en hypoblast (shaded), g gastrula mouth, h segmentation
cavity, i invagination furrow, u archenteron.—Orig.

This mode of gastrula formation is readily derived from the typical one ; and
indeed, simply results from the excessive thickening of the hypoblast cells.

If to the blastula figm-ed in Fig. 29 4, there were added a large mass of

hypoblast cells, vv^hich took no active part in invagination, this would occm*
as in Fig. 34.

5. This is the kind of development which occurs in many Fish,

in Reptiles and in Birds. The egg-cell contains a large amount of

yolk, practically all the protoplasm is accumulated at one pole of the

egg, and it alone segments, while the greater part of the cell remains
unsegmented; this is known as partial segmentation.
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The unsogiuentod portion corresponds to that part in the forms
mentioned under (4), which does segment, but which unites later, and
is invaginated with some of the adjacent cells into the remaining cell-

mass, the process taking place as in the way last mentioned (Figs.

34, 35). An enormous mass of unsegmented substance, the food

Fig. 35. Diagrammatic representation of gastrula-formation in Vertebrata, with
partial segmentation (Selachians, Teleostians, Reptilia, Ayes); compare preceding figures;

the letters are the same as in these, with the exception of en' the unsegmented part of the

hypoblast (the yolk) ; en the segmented hypoblast. It must be noticed that the yolk is

usually, relatively much greater than is figured here.—Orig.

yolk, becomes enclosed by the archenteron ; is gradually absorbed

by the cells; and thus serves as nutriment during development.

These animals are^ moreover, peculiar, in that invagination proceeds

very slowly. An advanced stage of development is reached by the

time that gastrulation is complete. No notice has been taken of this

in the figures.

6. In most of the Arthropoda, as in the animals just referred to,

partial segmentation obtains, but the food yolk Hes centrally

;

surrounded by the segmentation spheres. The segmentation cavity is
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•wanting; its place is occupied to a certain extent by food-yolk.

Invagination takes place as in the typical gastrula (1, p. 40) and the

food-yolk is gradually absorbed by the cells.

B

From the above it follows that a gastrula, always formed in

essentially the same way, is found almost universally (when the

examination has been sufficiently thorough), as a result of the

earliest development of the egg.

An aben-ant gastrula-formation occiu-s m many Hydi-ozoa. No invagination

takes place liere, bvit at different points in tlie blastula, cells break away from

the rest and wander into the segmen-

tation cavity to constitute the hypoblast

(Fig. 37 A). Sometimes the prohfera-

tion of cells is limited to one side of

the blastula (B). Possibly the mode
of hypoblast formation figm-ed in A is

pnmitive: from this B can easily be

derived, and it may be a transition to the

typical gastrula, which also occui-s in the

Hydi'ozoa.

Between the two primary gerni-

layers, of which the gastrula

consists, a third layer, the m e s o -

blast or middle germ-layer, is formed in most animals (Coelentera

excepted), very soon after, or even during, the formation of the gastrula.

There is no general type of formation recognisable for this, as there is

for the gastrula. In some cases it is formed, for example, by some
few cells lying at the blastopore, at the boundary between the epiblast

and the hypoblast, breaking from their connection with the rest,

pushing between the two sheets, and after repeated division, ex-

tending between them as an independent layer (Figs. 80, 31). In
other cases it originates as a double fold or sac of hypoblast, which

Fig. 37. Diagrammatic sections ex-

plaining the formation of the gastrula in

certain Hydro7,oa.
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becomes nipped off from the rest of the layer, tiiid takes up a positioa

between this and the epiblast (Fig. 38).

Fig. 38. Diagrammatic figures in explanation of the formation of the mesoblast in
the Vertebrata (transverse sections) ; 1 youngest, 4 oldest stage, ek, en. m, epi-, hj'po-,
meso-blast.—Orig.

After the origin of the mesoblast, the organism consists of three

germ-layers, epiblast, mesoblast, and hyjDoblast. From these three

layers the different organs of the animal are formed; from the

mesoblast all the connective tissue, the skeleton* (in so far as it

is not a cuticular structure), the muscular tissue, the vascular system,

the excretory and genital organs; from the epiblast, the epidermis,

the nervous system, most of the sense organs ; from the hy]3oblast,

the epithelial lining of the whole or of the greater part of the

alimentary canal, and its glands. I he mesoblastic structures, there-

fore, constitute, at least in the higher animals, the main mass of the

body of the adult.

Of the different systems of organs, only the development of

the nervous system and digestive tract is dealt with here, and quite

briefly.

The central nervous system usually arises as a folding,,

invagination or thickening of the epiblast, from which it separates later.

Among the Yertebrata, for instance,

a long furrow-like fold is formed

along the dorsal side of the animal,

and is the incipient central nervous

system (brain and spinal cord) ; it

loses its attachment later, and lies

beneath the skin, as a tube. In

some cases [e.g., Ecliinoderms and

ChEetopods) the primitive connec-

tion of the derivatives of the

epiblast {i.e., the nervous system

and the epidermis) is retained

throughout life, either over a large

area, or at least at certain points.

A B

Fig. 39. Diagrammatic transverse

section, showing the formation of the

nervous system and the notochord in

the Vertebrata. A young, B older stage.

ch Notochord, ek, en, m epi., hypo-, meso-

blast, n nervous system.—Orig.

* The chorda dorsalis of the Vertebrata, however, develops from the hyjoblast. as

a fold, which is later constricted off to form a cord, dorsal to the gut.
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As to the development of the alimentary canal: the

primitive opening, the blastopore, usually closes, so that the hypo-

blastic tube is represented for a long time by a closed sac. Later,

the epiblast at each end of the animal invaginates to form,

respectively, the stomodeeum and the proctodeum (Fig. 41). 'The

epiblastic invaginations and the hypoblastic tube, break into com-

munication at their points of contact, so that the complete alimentary

canal consists consequently, partly of the primitive hypoblastic tube,

partly of these epiblastic invaginations, and to these are added, in

many animals, elements from the mesoblast lying outside the canal,

and forming its connective tissue and the muscular layers.

When the digestive tract contains much food-yolk, the young animal or

embryo is much distended : a yolk s a c, an oiitgrowth of the alimentary canal

containing food-yolk, and smTounded by a corresponding outgrowth of the body-

Fig. 40. Embryo of the Dog-fish
with a yolk sac.—Orig.

Fig. 41. Diagram
of a young embryo-
with yolk sac.
Longitudinal section.

Shewing also the
formation of mouth
and rectum, d Food
yolk, ek epi-, en
hypo-, me meso-blast,.

m mouth.—Orig.

wall, is then often formed. It is frequently much constricted, so that its cavity is

connected with the rest of the alimentary canal only by a narrow opening. Its

size is often relatively immense, so that the yormg animal looks more like an
appendage of the yolk sac, than the yolk sac of the young animal. As
development advances, the sac gradually becomes smaller, and finally disappears

altogether.

Most animals are oviparous, i.e., the egg is laid, surrounded

by the egg-membranes, whether fertilised or not. Sometimes even
after it is laid, it is still a single cell, but in other cases segmentation

has already taken place, or development may be even further

advanced. Other animals are viviparous, i.e., the ovum stays

so long in the body of the parent, that the egg-membranes or shell

are burst before the young organism leaves it. The distinction

between oviparous and viviparous animals goes no deeper than this,

and some forms are transitional between the two, for development

E
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is occasionally so far advanced among- oviparous animals, that the

young one hatches almost as soon as the egg is laid ; whilst there

are others, Avhose offspring break the shell at the moment of birth.

Those eggs Avhich are laid without other covering than a vitelline-

membrane or egg-shell, develop without receiving any nutriment
fi'om Avithout. Oxygen is absorbed from the environment, and
carbon-dioxide is given off, for the egg breathes just as does the

perfect animal, and cannot develop in an atmosphere devoid of

oxygen. "Water also is sometimes absorbed. When the egg is laid,

.surrounded by albumen (as in Birds), this is gradually used up
during the. development of the young organism*, so that whilst it

is still enclosed in the shell, it receives an addition to the material

originally present in the egg-cell. In many, but by no means all,

viviparous animals, the developing organism receives food from
the parent ; either certain glands opening into the uterus secrete

a nutritive liquid which is absorbed by the offspring, or part of

the embryo forms an absorptive organ which comes into intimate

relation with the uterine wall, and the young animal lives like a

parasite on the blood of the parent (Mammalia).

So long as the animal remains enclosed in the egg-membranes, or

in the body of the parent, it is called an embryo (foetus) . After

birth, i.e., when it breaks through the egg-membranes or leaves the

parent, as a rule, it begins instantly to lead an independent life,

feeding on its own account.t The new-born animal differs

more or less from the perfect organism. In some cases, the

distinction is relatively unimportant, as when it consists essentially

in smaller size and immature genitalia, as in many Mammalia.

In other cases the difference is greater, e.g., among Birds; fledglings,

as is well known, differ considerably in plumage from the adult.

Still more important is this difference in many other animals which

are said to undergo a metamorphosis before they attain the

perfect form. The changes undergone by the young animals, in

such cases called larvse, are often very considerable, and frequently

the larva has but the slightest resemblance to the adult.

The causes and also the nature of differences between larva and

adult are of various kinds. In many cases the most obvious is that

the egg is too small for a creature like the adult to be formed from it.

The imperfect state in which many Fish are hatched is fully accounted

for by the small size of the eggs (.see the paragraph on the develop-

ment of the Pike in the special part, " Pisces ") : in allied forms with

* This absoi-ption goes on usually through the whole siu'face, or by only a part of

it. Occasionally the albumen is taken up into the digestive tract of the young
organism.

t Sometimes there is a greater or less quantity of yolk within the body of the

newly born animal, and then it does not feed for a long time. (See also, remarks, p. 52,

on " Parental instinct.")
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large ova^ the young ones, when they leave the embryonic membranes,

are very similar to, or almost identical in appearance with, the adult.

This holds, also, for many Crustacea, which are hatched in a very

immature condition, with only a small number of appendages (three

pairs). Here the egg is evidently too small to form an animal with

so large a number of legs as is displayed by the adult Crustacean.

It seems as if there were a minimum, differing for different animals,

for the size of the limbs, and so on. In the larger eggs found in

other Crustacea, the animals hatch at a more advanced stage of

development.

The differences in the conditions of life must be regarded as

another important factor in determining the differences between adult

and larval forms ;
they are often intimately related to the cause

just mentioned. Many marine animals, which live as adults upon the

.sea-bottom, are pelagic as larvae, and this has a great effect upon
the whole structure (Chsetopoda, Mollusca, Crustacea). Sometimes,

for instance, among the Amphibia, the larvse are aquatic, the adults

terrestrial, which also entails great differences. The metamorphosis

of Insects seems to be connected with the difference of the functions

of the larva and of the perfect animal, for the latter lives almost

exclusively for reproduction, whilst the larva devotes itself to feeding

and growth.

In consequence of diversity in mode of life, parts are frequently

wanting in the larvas which are present in the adult. On the other

iiand, they often possess special organs, the so-called provisional
larval organs, which are absent from the perfect animal (velum

of molluscan larvae, gills of Tadpoles, pro-legs of Caterpillars). These
larval organs may be so large that only a small part of the original

larval body develops into the adult, whilst the greater part atrophies

(Echinoderma).

Compared witli the whole life, the lai-val period is usually shoi-t : as a rule

the animal attains the adult form, in most respects, long before it reaches its full

size and is sexually mature. Insects are a notewoi-thy exception to this rule, for
the state of perfect insect is usually assumed only when the organism has
attained its full size.

The transition from the larval state to that of the mature
animal is never sudden, as might be supposed from the actual

metamorphosis, but is always gradual. The transformation often,

however, takes place in relatively short spaces of time ; if a larva
has been for a long time in the same condition, it may pass through
great changes quickly, so that, to a certain extent, it assumes the
adult form at a bound. This is specially marked in the Arthropoda,
since all external changes are connected with the moults; sometimes
before an ecdysis, the living part of the skin is loosened from the
cuticle and more or less altered, so that the larva, when it strips

off the old cuticle, suddenly appears in a new and changed form.

E 2
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As a matter of fact, these chang-es also take some time, and the
development only appears to be a sudden one.

It is frequently found that an animal, dm-ing its development, whether in
the egg or in the lai-val state, shows certain characters, wanting in the adult,
which are proper to a lower type. Tadpoles, for instance, possess gills, and
a piscine arrangement of the greater pai-t of the blood vascular system. Many
larval Decapoda have an exopod upon the last pair of thoracic legs, which
atrophies later, but is permanent in many lower Crustacea. Among the higher
Vertebrates, gill-slits, etc., are present in the embryo. Frequently, as in the last

mentioned, these structiu-es are functionless, and of a rudimentary nature.
These facts are only intelligible when it is admitted that the forms in question
were derived from the lower type, or from one near it, and that these particular
characters are retained in an early stage of development, though lost in the adult
(see next Section).

Parental Instinct.—In many cases the egg- or the embryo after

leaving- the body of the parent is specially cared for by the mother, or

more rarely, by the father. The object of this is usually two-fold,,

firstly, to protect the egg- or young animal from dangers of all

sorts
;
secondly, to supply it Avith food. Less frequently some special

means is resorted to, in order to keep the egg or young animal at the-

temperature most favourable to development (Birds). In the simplest

cases the mother is satisfied with depositing- the egg in a safe place,.

{e.g., by burjang it), or parental solicitude is confined to the careful

selection of the place in which the eggs are to be laid, so that the-

young ones may at once find suitable food. In other cases, the-

mother sits upon the eggs until the young animals hatch out, or even

after this^ in order to protect and warm them : or the eggs and young
ones are carried about by her. The parental instinct is still

more actively manifested in cases where the young- ones are able to-

take in and digest food, but are still unable to procure it for themselves,

and are therefore fed for some time by the mother. In many instances,,

the care of the brood not only dominates the whole life of the parent,

but may even lead to the formation of special organs, or to the-

modification of those already existing, (brood sac, mammary glands,

etc.) ; in many cases, too, it closely afi'ects the mode of development

both of the eggs and young animals, many features of which appear-

to be largely determined by this factor. {See, for example, the

Mysidse, the Marsupials.)

Careful consideration leads to the belief that the viviparous method of

retaining the egg witliin the body of the mother is only a form of pai-ental care.

The difference between providing for the embryo within the oviduct (as in

all viviparous animals), or in a pouch of the skin (Marsupials), appears to

be a purely superficial one ; the aim is in both cases identical, and in both cases

the results are the same for the parent as well as for the yoimg animal ; the

formation of some special an-angement in the formei-, some peculianties in the-

development of the latter.
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V. The Affinities of Animals.—Classification—
The Doctrine of Descent.

Tlie innumerable animals inhabiting the earth have been separated

into many principal groups, and these again into smaller and smaller

sections. This graduated arrangement is not arbitrary, but is based

upon the degree of conformity of animals to one another, so that the

most subordinate orders comprised in a division present the greatest

conformity. The theory of species will now be discussed in some

detail.

In the first place, all those individuals are ranked as the same
species which show a close correspondence in all details of their

structure at the same age : further, all those individuals which pair
with one another, under normal conditions, and produce fei'tile

offspring, whether they resemble each other or not : finally, also,

the offspring, which may or may not be like the parents. All the

female Hares in England, for instance, belong to one species, for they

exhibit at the same age a striking similarity in all parts of the body

:

to the same species, also, belong all the male English Hares, in spite

of the difference in the genitalia, since they readily copulate with the

females, and produce fertile offspring : finally, the youug ones,

which, in this case, do not differ from the progenitors. In cases of

metagenesis and heterogony, on the other hand, the offspring differ

considerably from the parents
;

every second, or third, or fourth
generation is alike, but differs from the intermediate ones; all,

however, belong to the same species.

The conception of species depends, consequently, upon three
points : 1 . similarity of structure ; 2. possibility of interbreeding

;

•3. genetic connection (descent). The similarity of different specimens
of the same species is, however, not absolute, even if those peculiarities

which result from differences of sex, of age, or of generations (in

alternation of generations, and heterogony) are overlooked. Identical
individuals are never seen ; a careful examination always brings out
differences, excepting in the very smallest creatures, where they
•cannot be seen : species vary, as it is said, in a greater or a less

degree. The variation is usually not striking
; externally it is generally

restricted to slight differences of colour, shape, to relative size of the
same part, or to the absolute size or weight of the whole animal.
Internally, there are corresponding ^small differences to be observed.
Each large mammalian species presents obvious examples of these
ordinary variations. But sometimes, variations become more con-
spicuous

: for instance. Foxes are usually white underneath, but
specimens have been found with black undersides, or with black cross-
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markings on the shoulders^ or even entirely Ijlack ; and similar varia-

tions are found in many other Mammals and in Birds ; male Stag-

beetles have, as a rule, very large mandibles, but individuals have

been found with mandibles whose length is only a fraction of the

usual size. Foxes, again, are sometimes destitute of the hindmost

molar in the lower jaw, etc. All these points in which an animal

differs from the usual type, are called individual variations.
In some species two or more forms may occm*, which are in some respects

distinct from one another, and generally not connected by those transitional

forms usual with the individual varia-

tions just mentioned. This phenomenon
is called dimorphism, if the

species occur in two different forms

;

polymorphism, if there are more
than two. Dimorphism is found, for

example, in the Heteroptera, in different

species of wliich, ^vinged, as well as wing-

less forms occm-. This and similar cases

are easily derived from the ordinary

individual variations, as the result of

great indiAddual variation, the transi-

tional forms having disappeared.

Dimorphism and polymoi-phism are

fairly common amongst colonial animals

;

e.g., Craspedota, Siphonophora, Octac-

tinia, Polyzoa; and here it is evidently

the result of the common life of the

indiAdduals composing the colony : since

they are in direct organic communica-

tion with one another, some have one special function, some another, and a

natm-al result of tliis division of labom-, is a differentiation of the individuals.

The dimorphism or polymorphism occm-ring among the Social Insects (Bees,

Ants, Termites) is due to similar causes.

When a species has a wide distribution, it frequently happens that

the individuals living in one locality differ, as a rule, in some

respects, from the inhabitants of another: the individuals of each

region are then said to form a special variety (race, sub-species).

Hares, for example, which are distributed over the greater part of

Europe, all belong to a single species, but form three groups: a

south European, whose individuals are distinguished by short, loose

fur, long ears and rust-coloured back ; a Mid-European, with long and

close fur; and a North-East European (in North Russia), with a coat,

longer and thicker than either of the others, and very white. These

three groups are different v a r i e t i e s, for though they are m general

agreement, still they usually differ from one another in the

points just noticed; but they are not different species, for each

comprises specimens which approach the type of one of the other

groups, so that they are not sharply defined. What has been said of

Hares holds good also for various species of Mammalia and Aves

which are distributed through Europe and North Asia. The Siberian

Fig. 42. Dimorphism of a Hetero-

pteran (Blisstis leucopterus). A Winged
form with fore and hind wings; B wing-
less form with reduced fore wings and no
hind wings.—After Eiley.
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forms constitute a special yariety'; for, as a rule, tliey differ in some

respects from tlie European. On the other hand, if a group of

individuals found in a larger or smaller tract of land or water, differs

in certain characters without exception, from similar individuals

of another locality, then it forms a distinct but nearly related

species. The Wapiti Deer (Cervus canadensis) of North America, for

instance, is a different species from the European Bed-Deer, but is

nearly allied to it. So also the North American Beaver is a different

species from the nearly related European form, since some individuals,

of the first display peculiar characters (specially in the skull) which are

never present in the European, and conversely. Often it is very

difficult to determine whether a group of animals forms a variety or

an independent species ; it is difficult, in proportion as the particular

variations are constant or not, as they are present occasionally

(variety), or without exception (species), and of this it is not easy to be-

perfectly certain. Practically, a group of individuals is regarded as a

definite species when transitional forms from it to another are

unknown, i.e., when no specimens exhibit even a partial oblitera-

tion of these characters, which separate them from a closely allied

species. So soon as such links are found, the group is recognised

as a variety of the other. There is no sharp liinit in Nature between

a variety and a species.

Tlie different beiiavioiu- of species and varieties in crossing also, as was
mentioned earlier, cannot be employed as an absolute specific test, for, altbouglt

hybrids of different varieties are almost always perfectly fertile, this may
also be tbe case witb hybrids of species (see above, p. 36).

Similar species are grouped as a genus; e.g., the lion, tiger,

jaguar, cat, and others as species of one genus. Bach genus of the

Animal Kingdom is designated, according to a fixed rule, by its Latin or

latinised name, which is always a single word; e.g., the genus which
includes the animals just mentioned is called Felis. A species is

known by the name of the genus with a subjoined distinguishing-

name ; the latter is usually an adjective, sometimes a substantive in

apposition to the name of the genus, or a substantive in the genitive

case ; the domestic cat, for instance, is called Felis domestica, the lion,

Felis leo, the cochineal insect. Coccus cacti. Several similar genera
are collected together as a family. For example, the badger-genus
[Meles), the otter-genus (Lutra), the marten-genus {Miistela), and
others, all belong to the marten-family, Muste.lidse ; the family name
is usually formed by appending the termination idse to the name
of one of the genera. Several families, again, are united to form an
order, the cat-family, marten-family, bear-family, etc., form the
order Carnivora. Orders, again, constitute classes, e.g., the
Carnivora and a number of other orders belong to the class Mammalia.
Classes form phyla, e.g., the classes Mammalia, Aves, Reptilia, etc.,

form the phylum Vertehrata.
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This grouping of animals in grades is, as noticed above, not
arbitrary but founded on Nature itself. The animals are connected
by some degree of relationship, i.e., by a more or less exact
correspondence of structure : this connection finds an incomplete
expression in the classification of the Animal Kingdom. When,
for instance, Fish, Amphibia, Reptiles, Birds, and Mammals are
comprised in one group, it is indeed implied, with sufficient clearness,
that all these divisions agree in certain important points of structure,

but not that they are united together like the links of a cha-in.
Such is, however, the case, and Amphibia follow Pisces, Reptilia,
Amphibia

;
Aves and Mammalia, the Reptilia. Such a connection

of forms, more intimate than the system expresses, exists in the
Animal Kingdom; a true linking together, such as that just set

forth for the principal groups of the Yertebrata is everywhere
more or less easily recognisable.

What remains now is to ask the reason of this remarkable connection
of different animals. Until a few years ago, the answer always was
that the whole situation is one of the enigmas of Nature, incom-
prehensible to the mind of man. Now it is universally acknowledged
that this affinity, this similarit}^, of different animals is an effect of

those laws which govern the resemblance between parent and child,

brother and sister, or more distant relations, viz., the laws of

heredity. The lion, the tiger, the wildcat and other species, in

virtue of a close accordance in most points of structure, all belong
to one genus, implying that they all originally sprang from one
species, which has gradually broken up into several. If bears,

martens, cats, etc., are all united in one order, it is because

they have all sprung from a common ancestor ; so also for

the larger groups. Mammalia, Vertebrata. Two such groups

as Reptiles and Birds are linked together, because the latter have

arisen from the former : by gradual change, a branch from the

Reptile-stem is modified towards a Bird-form, from Avhich the rest

have sprung.

The completion of the conception leads to the conclusion that

all animals have originated in one common primitive ancestor,

which was probably similar to the Amoeba. This is the purport of the

Theory of Descent (Darwinism)
,
according to which all the

immense multiplicity of plants and animals have gradually evolved,

in the course of enormous periods of time, from the same progenitor.

That this theory is correct is evident on the one hand, because it

not only elucidates the long-noticed " conformity to type,^' in a natural

way, but also renders intelligible an endless number of other

phenomena of the organic world : and on the other, because in spite

of strenuous efforts, facts irreconcilable with the theory have not

been found. For the most important points supporting the theory of

descent, without the acceptance of which, indeed, they are incompre-
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Sensible, see p. 40^ "Rudimentary Organs"; p. 52, some phenomena

in Embryology ; and also the Sections following, VI. to YIII.

Whilst the doctrine of descent has been talked about for a long

time, it is only in the latter part of the present century that it has

gained general acceptance, and this is primarily due to Charles Dai-win

(1809—1882), especially to his work, "The Origin of Species," which first

appeai-ed in 1859. The chief value of Dai-win's work appears to consist

in his having brought together facts from all sides, demonstrating the

necessity for the acceptance of the theory. He has proved that a large number

of facts of Zoo-geography, of Geology, of Embryology : that rudimentary organs :

that the whole theory of the relations of animals remain unintelligible if a

doctrine of " Special Creations " is accepted. He has also, and this is of the greatest

importance, disproved the generally received dogma of the immutability of

species, by an examination of the variations of animals in a domesticated as well

as in the wild state. His theory as to the means by which the modifications

have been brought about ("Theory of Selection") appears to be of relatively less

impoi-tance, althoiigh this was a side of his work upon which he bestowed the

greatest energy and the most extensive studies. Dai-win considered that in

Natui'e, as in the breeding of domestic animals, a selection takes place : for

those individuals are best fitted for the struggle for existence, which are

distinguished by small favourable variations : and in this way development

advances, for the less well equipped animal goes to the wall, whilst the better

sm-vives (Natural Selection). Whether this always occurs in Nature seems

by no means certain, and in any case there are many characters in animals which

are useless, and cannot therefore be explained by an appeal to Natm-al Selection.

Besides this factor, Dai-win acknowledged the more direct influence of the

environment as a cause of variation ; but the whole question seems still too far

from solution to be treated more elaborately in a Text Book such as this.

The way in which evolution has proceeded and is proceeding, is probably as

follows : the fonnation of varieties is the first step ; when a species has spread

over a large area, it develops differently at different places, the varieties* formed
become more sharply separated imder favotu'able conditions and become distinct

species. A species develops to constitute a new genus if the difference

between it and the other species of the same genus becomes clearly defined ; if it

adapts itself, for example, to special conditions : by adaptation to a herbivorous
and digging life, the badger genus has developed from the genus mai-ten. A
genus differentiated in this way may aftei-wards divide into several species. By
continuous progressive development, and by the accumulation of variations,

new famihes, new orders, etc., may arise. Each new type is, originally, only
a specially differentiated species, but this species may split, later, into several,

•each of which again may be the stai-ting-point for new genera. From tliis

accoimt, it may be supposed that the limits of the different genera, families, etc.,

are never fixed .- and in many cases this is so : in many instances it is quite
.arbitrary whether one or more distinct species is reckoned as a separate genus
or not, or whether a gej;us is considered as the type of a sepai-ate family or
not. In other cases, on the other hand, the limit is shai-per, for many species
and genera, which might have obscm-ed the boundary line have become extinct in
com-se of time (Section YIII.).

Homology, Analogy.—By the gradual modification of animals,
the individual parts of organisms have often altered very much in

course of time, not infrequently indeed an organ has lost its original

* In many cases new varieties have actually been produced by the transportal of
;species to new localities.
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function and acquired a new one. Organs or parts of the body, which
have had a common origin, may perform the same, or different,,

functions; such are called homologous: the arm of a man is

homologous with the fore-leg of a dog and the wing of a bird,
althougli the function in each case is different. On the other hand,,
it frequently happens that the same function is performed by
different organs in different animals. Those which, differing in
origin, are functionally equivalent, are said to be analogous:
the eye of a Vertebrate is, for instance, analogous with that of a.

Gastropod. That branch of science, whose special task is to
trace homologies and to notice changes in organs, is called

Comparative Anatomy: together with Embryology, it

forms the Morphology of Animals. In contrast to this, it is.

the task of Physiology to study the functions of organs.

VI. Biology.

Biology, in the narrow sense,* treats of the habits of animals,,

their relations to the environment, and so forth. Various biological

questions have already been touched upon in the sections on Organs
and on Embryology : others of more general interest will now be
considered.

1. Dispersal of Animals.

Animals are adapted to their environment in various ways ; some
forms flourish in one set of conditions, others in another ; members
of the same group, occurring in diverse situations, are differentiated

in correspondence with the environment. On the other hand, the

same environment often induces, in many respects, a similar type

in members of different groups (Fish, Whales).

Mammalia, Aves, Reptilia, Insect a, Arachnid a,,

and Myripoda, are emphatically terrestrial; the Amphibia,
which are partly aquatic, are less distinctive in type. There are

also many forms which, although belonging to essentially marine

groups, have become adapted to a terrestial life, such as the great

division, Pulmonata, not a few Crustacea, some Annelids-
(Earthworm, Leech), a few Platy helminths. The land animals

have one characteristic in common; they are provided with a

special resj)iratory apparatus, and almost always breathe by means

of lungs, or lung-like organs. The fauna of a place varies in

correspondence with the character of the district, of the soil and of

* Biology in the wider sense comprises the whole science of organisms, the whole

of Zoology and Botany.
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the flora so largely dependent upon the latter; species, genera

and even families found in forests, are in some respects different

from those met with, in deserts, so that a forest-fauna, steppe-fauna,

or mountain-fauna, may be spoken of.

The animal life of fresh water has a relatively non-distinctive

stamp ; of the larger groups, there is scarcely one which can be-

called a special fresh water type. This fauna is composed largely

of forms which are partly undoubted land types, partly marine ;

it is a peculiarly borrowed and mongrel collection. The numerous-

Pulmonata, Insects and Spiders, living in fresh water

are derived from the terrestrial fauna, which, however, gives

absolutely no Bird or Mammal as a constant inhabitant, although not

a few of these creatures spend a part, or even the most, of their

time there. A fair number of forms is furnished by Eeptiles,

most of which however, come on land now and then (Crocodiles,

Turtles) . Amphibia are almost all fresh water in the larval form
;

in the adult state many are, for the most part or entirely so. The fresh-

Avater fauna has di-awn upon the sea also. Numerous Fish, whole

families of which belong almost exclusively to rivers and lakes,

a number of branchiate Gastropods, Lamellibranchs,
Crustacea, Chsetopods, Polyzoa, Platyhelminths,
some Ccelentera, not a few Rhizopoda, etc. A very few of

a mammalian group modified for a sea life, the Whales, live in

fresh water. Leeches, Eotifers, Infusorians, groups

which are fresh water as well as marine, are so common in the former

that they should perhaps be regarded as fresh-water types. The
modifications which terrestrial or marine forms have undergone by
the transition, are usually not very important. The land animals

generally remain air-breathing, and the modification is practically

limited to that necessitated by the difference in mode of locomotion;

the alterations in the marine forms are also non-essential.'^

The class Pisces, the phylum Mollusc a, the Crustacea,
Chaetopoda, the Polyzoa, Brachiopoda, Platyhel-
minthia, Echinoderma, Ccelentera, Porifera, Rhizo-
poda and Radiolaria are obviously marine groups. Of these

the Brachiopoda, Echinoderma, and • Radiolaria exclusively, and the

Ccelentera and Porifera with few exceptions, belong to the sea. The
sea has received a large contribution from the terrestrial fauna,

especially as regards the Vertebrata. Two orders of Mammalia
the Whales and the Sirenia, the former with many genera and species,

have adapted themselves entirely to a marine life, and their structure

has undergone correspondingly important modifications ; a third

Mammalian order, the Seals, are also distinctly marine, though they

_* It is very noteworthy that many fresh-water forms do not pass through a free-
swimming larval stage, whilst their relatives in the sea do (Astacus, Lamellibranchs,
Oligochsets).
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repair to the land for reproductive purposes. Reptiles have also

•contributed to the animal life of the sea (Sea-snakes, Sea -turtles).

Amongst Birds there are none which have become entirely marine,
although many are connected more or less closely with the sea, of

those most so, the Penguin and many other Swimming Birds. Of
living Amphibia there are no entirely marine forms. Only a few
Spiders live in the sea, and hardly any Insects. Jjike the

terrestrial, the marine fauna is modified according to the very
different conditions existing in different parts of the ocean, the dis-

similar character of the bottom, the depth, etc. The littoral fauna is

different from that at greater depths, which again varies according

to the bottom. The salinity is also of the greatest importance, for

greater salinity is universally favourable to animal life ; it suits a

greater number of species, though less salt water may also be rich in

individuals.

This is very clearly illtistrated by comj)aring the state of the salt Kattegat
with that of the less salt Western Baltic, and the almost brackish East Baltic. In
the Kattegat there is a tolerably rich fanna, but aheacly the north end of the

Soimd, where the salinity is less, contains a scantier collection. Most species

which live in the Kattegat are represented here, bnt for the most part by smaller

specimens and in fewer numbers. Soiithwards in the Soimd, as in the entire

western part of the Baltic (south of Denmark), very many of the Kattegat forms

have disappeared ; others are indeed present, but dwarfed, or in the case of the

Molluscs, thin shelled. Lastly, only a fraction of the faima of the West Baltic

is foimd in the fresher East Baltic, and this is also the case in that part of the

latter (south of Sweden), which, as regards climate, does not materially differ

from the West.

Some fresh water animals (i^ike, perch) may also occiu* on the coast in

water of shght salinity ; and on the other hand, some marine animals may be

present in fresh water, the flotmder {Pleuronectes flesiis). Also, some Fish go to

spawn either from fresh water into the sea (eels), or conversely (salmon, trout,

sturgeon). Sudden immersion in sea water is fatal to most fresh-water

animals, and most marine foi-ms are similarly affected by fresh water. On the

other hand, many endui-e, to a certain extent, a gradual salting or freshening of

the water.

Temperature has often a great influence upon the dispersal

of animals ; this is especially striking in the t e r r e s t i a 1 fauna
which, other conditions being the same, is much richer in hot than

in cold districts; in the very coldest, it is almost entirely absent,

or at least, reduced to a minimum. This is due not only to a higher

temperature being universally favourable to animals, but also to the

dependence of animals upon plant life, which is much affected by

temperature. Since the temperature of sea water does not sink as low as

that of the atmosphere, the sea in the coldest regions may harbour

a rich fauna, although it cannot compare with that of tropical seas.

The more general features of the dispersal of ammals have now

been touched upon; in what follows, some special adaptations will

be considered.
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Cavernicolous Fauna.—The entirely dark, subterranean caves

which occur in mountains of different countries, and which

are also present beneath the water, harbour a small but peculiar

fauna. Most of the animals living- in these places, in contrast ta

their relatives of the dayhght, exhibit very degenerate optic

organs, or these are even entirely wanting*. Frequently the skin

is destitute of pigment : the blind, pale Proteus of the Oarniola caves

may be taken as a typical cave animal, and some Fish, certain

Crustacea, Insecta, Spiders, also belong to this fauna. All cave

animals, however, are not blind; some have retained their eyes, and

are consequently less suited to life in the dark.

Those animals, whicli bim-ow in the eai-th, and which come to the sui-face

seldom or only on dai-k nights, are like the cave forms ; then- eyes, too, may
be more or less degenerate (Moles).

The rich animal life of the deep sea, where no daylight

penetrates, resembles the cave fauna. The deep sea animals are often

almost destitute of pigment, and have, frequently, very degenerate

eyes, or indeed none, even when belonging to groups, the other

members of which have these organs well-developed (some deep sea

Crustacea and Fish). Other deep sea forms are, however, furnished

with Avell-developed eyes, e.g., the majority of the fish, which are

considered abysmal.* Many of these Fish are phosphorescent. Among
the abysmal animals there are many which have only remote relations,

elsewhere—Stalked Crinoids, peculiar Bchinoids and Crustacea,

Hexactinellids, and others, so that this fauna is strikingly peculiar.

Pelagic Fauna.—Still more extraordinary are the animals,

living in the open sea, at a considerable distance from land, the so-

called Pelagic Fauna. This comj)rises first, a number of groups,,

which either never, or only excej)tionally come close to shore, and

which generally do not occur elsewhere: the Radiolaria and other

groups of the Protozoa, the Siphonophora, Euphausidae, Pteropoda,

Heteropoda, and Salpid^ : secondly, a multitude of forms whose near

relatives live closer to land : lastly, an immense number of larvse,

belonging to forms which live in the adult state at the bottom of

the sea. But what sj^ecially characterises the pelagic fauna is not so-

much the number of groups peculiar to it, as the fact that in virtue

of their life in the surface waters, all the members of these different-

groups have certain features in common which are, however, less well

marked in some than in others. There is, in particular, an evident

tendency towards such a modification of the animal as may enable it

to float with the greatest facility. This is attained, in some cases,

by the tissues absorbing such considerable quantities of water that the

specific gravity is only slightly greater than that of the sea ; such

animals have a jelly-like appearance (Medusae, many Pteropoda and

* It is possible, however, that many of these live nearer the siirface, and were
caught in the net as it was di-awn up from the bottom.
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Heteropoda, Salpidaj). In other cases, tlie surface is increased, either

by the flattening of the body, by the lengthening of the limbs, or by
the formation of long spines, as in many Crustacea and their larvae,

and in young Fish : in both cases it is found that the muscles causing
the movement of the animal are reduced. Sometimes the atrophy
goes so far that they become exceedingly weak, and the animal
is only capable of feeble movements. In other cases, in spite

of the weakened muscles, they are still good or even excellent

swimmers, since the body floats in the water almost without muscular
exertion. The majority of pelagic forms are further characterised

by a great transparency. Many possess as perfect optic
organs as most of their relatives, as in the case of certain pelagic

<]haetopods : others, on the contrary, exhibit degenerate eyes, which
is explained by the fact that many members of the pelagic fauna

appear on the surface of the sea only at night, remaining in greater

depths by day.

Many animals remain for their whole life near the place where
they were born : others stray about in search of food : others, again,

undertake further migrations, usually in great numbers.

These wanderings have often a casual and irregular character.

Unfavourable conditions, for example, scarcity of food or of water,

will cause an animal to leave the usual habitat of the species, and

to seek a new home. The migrations of Locusts, of Prairie-hens, of

the Lemming, result from such causes. These wanderings but seldom

increase the range of a species : after a short time it disappears

again from the new place.

The migrations may, however, have a more regular charactei',

;such as those undertaken annually by Fish and Birds : at one

time of year they inhabit one place, at another time another place,

from which they then return to the first, and so on. Among many

Fish, the migrations are due to a search, at a fixed time of year, for a

suitable breeding-ground; wliilst the flight of Northern Birds towards

the South is really explained by their not finding enough food for

the winter in their summer home. (For details see these groups.)

2. Different kinds of Food and their effect on

the form of the Body.—Parasitism.

The food of animals is of very different kinds. It may be

vegetable, consisting of living or dead plants; or animal,

consisting of living animals or carrion. Some animals eat a

variety of things both animal and vegetable, others are, however,

much restricted, e.g., to a few species of plants. Some feed on

organisms of relatively very small size, others consume animals

larger than themselves.
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In many cases it is evident tliat tlie kind of food exercises a very

fi-reat influence on tlie structure of tlie animal. This influence

manifests itself primarily in the form of the digestive tract.

In allied animals, its length is generally greater in herbivorous

than in carnivorous individuals
;
among the Mammalia, for example,

it is much longer in Ruminants than in Carnivora. Many other

variations in the alimentary canal result from the differences in food
;

this is specially marked in the buccal cavity, in the hard structures

.serving for the prehension and comminution of the food, e.g., the teeth

•of Vertebrata. Among the Mammalia this is very apparent; the

teeth of a Cat, for instance, may be compared with those of a Horse,

or again, the teeth of different Carnivora, Cat, Dog, Bear, etc., with one

another. Since the modification and insertion of the teeth again

affects, for example, the structure of the skull, the influence of the

iood extends indirectly to other systems.

The nature of the food, further, often aifects the locomotor
•organs, and the entire external conformation. This is very evident

in the Insecta, where the slender, active larva of the Carabus, with

its elongate limbs, running about after its food, may be contrasted

with the maggot-like larvae of the Curculionidte and Longicornia,

which either have only rudimentary legs or are entirely apodous, and

live in the midst of plenty. Frequently, again, the limbs of

predaceous animals function secondarily as prehensile organs
and are correspondingly modified. As the limbs are affected, so

also are the sense organs, especially the eyes, by the nature, and
particularly by the greater or less activity of the prey. Carnivores

often possess large, well developed eyes, whilst herbivores, whose food

is plentiful, have smaller or even degenerate optic organs. Insects

also afford characteristic illustrations of this.

This does not mean that the locomotor or sensory organs of herbivorous
animals, whose food is plentiful, az-e always poorly developed. Amongst the
Mammalia there are numerous herbivores rivalling Carnivora in this respect,

as Stags, Antelopes. In these cases the high state of development of these
parts affords a means of escaping the pm-suit of the Carnivora.

A discussion of the direct and indirect influence of food leads on to

a consideration of Parasites. Those animals are called parasites
which live upon or in other living animals known as the hosts, and
feed at their expense ; either upon some part of the body {e.g., its

blood), or upon food taken in and digested by it, as in the Tape-
worms. They may be temporary or stationary. The former
do not stay continuously on the host, but seek it out at intervals
simply for the sake of food, whilst the stationary parasites remain
constantly upon or within it. Parasites have, indeed, been
classified according as they live on the outer surface or in the
interior of the host, as ecto- or endo-parasitic. A sharp
line cannot be drawn between these two groups, since the
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boundaiy between tlie external and internal organs is not clearly

defined. Most parasites do not spend their whole lives as such,

but lead an independent existence at one time or another. Some
are, for example, parasitic when young-, but free-living as adults

(the Gadflies), whilst others, conversely, are first free-living and
later on become parasitic (pai^asitic Crustacea). This mode of life

has a marked effect on the structure of the animal : it is often

relatively slight in the temporary para.sites, and in those stationary

ectoparasites which can move about freely on the body of the

host; but very great in most stationary ecto- or endo-parasites.

The fact that nutriment is plentiful and immediately accessible

exercises its usual effect : the power of locomotion is decreased ; a

more or less complete reduction of the limbs is seen : the sense

organs, further, e.g., the eyes, are much affected : most stationary

forms, especially the endoparasites, are blind. Organs of adhesion, on

the other hand, are frequently well-developed, as suckers, hooks;

or certain limbs are modified for this purpose. Parasitism, moreover,

exerts a definite influence upon the whole life. A natural result is,

for instance, that the animal must generally undertake migrations,
-i.e., that it must not spend the whole of its life, from the ovum to

sexual maturity, in the same host, but must be actively or passively

transported at some period into another. Besides this one migration,

there are often others. Many parasites regularly produced as eggs

in one host, or in the free state, live for some time in another, the

intermediate host, and finally attain sexual maturity in a third.

Parasites belong to various sections of the Animal Kingdom. There ai-e,

nevertheless, certain large groups of which none or only a few indhdduals are

modified in this direction. Among the Yertebrata, only a single Fish
:
so also

only a few Molluscs, Ohaetopods, Ocelenterates, and absolutely no Echinoderms

live in this way. The Arthi-opoda, especially the Crustacea, furnish a lai-ge

contingent, which are for the most part, ectoparasites, the Crustacea, exclu-

sively upon aquatic animals, the others almost as exclusively upon land animals.

Further, amongst Annelids, a great many Leeches are ecto-parasites : most of the

Nemathelminths are endoparasitic : whilst of the numerous parasitic Platy-

helminths, some are endo- and some ecto-parasitic. The parasitic Round- and

Flat-worms are frequently called intestinal (Entozoa). Many Protozoa lead

this life, Gregarines, many Infusoria, etc. Many of the members of aU the chief

divisions of animals must serve as hosts, especiaUy the V e r t e b r a t a, which

principally on account of theii- large size, complicated structm-e, and relatively-

long life, alford an excellent scene of action for parasites, both internal and

external.' Many of these creatiu-es are limited as regards the choice of a host;

some live, for instance, always in one species, never in any other; others ai-e

confined to a few allied forms ; others, again, have a larger, but always a

restricted choice. The same parasite, for instance, cannot live indiscnmmately

in a Fish and in a Mammal. On the other hand, it frequently happens that

the same form lives, at different periods of development, in animals of a very

different systematic position; EchinorhjTichus, for example, is found, when

yoimo-, in A-tlu-opods, as an adult, in Vertebrates.

Some animals, e.g., some Leeches, form a transition from the predatory to the

temporary parasitic condition, for sometimes they eat small anmials. and
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sometimes suck the blood of larger ones. Other animals, as certain Fly-lai-vse,

may be both carrion feeders and parasites. Again, there are forms which are a

transition to the parasites, in so far as they live in other animals, but do^ not

feed at their expense ; at most they take a moderate share at meal - times

(commensalism)

.

3. Different Kinds of Locomotion. — Their Effects

upon the Structure of Animals.—Sessile Forms.

The movements of animals are known to be very diverse. Many,

especially lower animals (Worms, etc.), crawl bymeans of contractions

of the muscles of the body-wall, or by movements of the cilia upon the

surface. Others swim: this is often accomplished by movements of

the whole body, or by the greater part of it ; or it may be effected by

means of limbs. Walking and running, on the other hand, are

absolutely dependent on the presence of limbs. Springing move-

ments are of various kinds : amongst aquatic animals, some part of

the body strikes upon the water (decapodous Crustacea)
;
amongst

terrestrial forms, a jump generally results from violently jerking the

limbs olf the ground. Flying is always effected by means of

specially developed limbs, just as burrowing and climbing,
well-known forms of locomotion.

Each of the kinds of movement mentioned, which may be com-

bined, to a certain extent, in the same individual, may influence the

structure of the animal more or less deeply. This is clearly manifest

when allied groups, typically distinguished from one another by
different modes of locomotion, are compared. A great many of the

specially marked differences between Fish and the higher Vertebrates,

are to be ascribed to diversities of movement. In Pisces, limbs are but

sHghtly developed, the body muscles, and those of the powerful tail,

much more so, in accordance with the needs of an aquatic life. In the

most decided walking types of Yertebrata, the Mammalia, the tail is

reduced, the dorsal and caudal muscles also, but the limbs are well

developed. That all this is a result of a difference in locomotion is

borne out by the fact that if Mammalia are adapted, as an exception,

to a swimming life, they again come to resemble Fish. This is the

case in Whales, which are derived from terrestrial Mammalia : their

limbs have atrophied under the influence of an aquatic life, whilst

the tail is developed as a powerful locomotor organ. In Hke
manner the difference between a Shrimp and a Crab depends princi-

pally upon the former being a springing and swimming animal,

whilst the .latter is distinctly an ambulatory form. The different

burrowing types (Mole, Mole-cricket), may also be compared with
their nearest relations. The kind of movement does not, however,
always leave so clear a mark upon the structure as in the cases

mentioned. The adaptation is not always so exact, the modification

not always so complete as in these : other swimming Mammals may
p
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be compared, for example, with the Whale
;

Seals, Otters ; or
other digging forms with the Mole ; the Mole-cricket and Rabbits,
Dung-Beetles.

Sessile Animals.—In spite of the fact that the power of free-

locomotion is specially characteristic of the Animal Kingdom, there

are yet many forms which are fixed to one spot for at least the

greater part of their lives. The fixation usually results from
a certain part of the surface of the animal coming into connection

inseparably with a foreign object, a stone, a dead Mollusc-shell, or

the surface of another animal; the connection is often effected by
a cuticular secretion. Frequently, as in many Chaetopods, the

connection is less intimate, for the shell only, with which the animal

is not in direct union, from which, it may escape, is fixed to the

foreign object. The transition from the free-living to the sessile

form, is given by those animals which, though capable of locomotion,

yet generally remain for some time (days or years) in the same

place (some Gastropods, Lamellibranchs, Fresh-water Polyps, and

others)

.

The immediate and very natural result of a sessile life is the

atrophy of the locomotor organs. The mouth in sessile forms

(Corals, Hydroids, Tubiculous-worms, Polyzoa, Brachiopoda) is very

often surrounded with long, prehensile arms or tentacles, which

are adapted either for seizing those animals which happen to come

near, or, by means of their ciliated border, for driving small organ-

isms into it. In other sessile animals (Vorticella, Sponges, Oysters),

the^^ tentacles are wanting, but small organic particles are conveyed

to the digestive organs by ciliary currents. This mode of life is

further obviously favourable to the formation of colonies: most

colonies are sessile, especially those which are arborescent.

4. The Transforming Effects of the Environment.

In the foregoing paragraphs, cases of adaptation to the

environment have been examined : some facts illustrating its direct

influence upon organisms will now be considered.^

It is a matter of universal observation that organs, at least in

many cases, improve with use, whilst they degenerate with disuse.

This may be seen, on the one hand, in the great development of the

arm, in people employed in manual labour : on the other, in the

feebler condition of this part, in those whose work is entirely mental.

Similar facts are also known for domestic animals.

It has further been proved in various instances that a special

food may have a modifying effect upon the colour of certain

birds. A reddish - yellow colour may be quickly produced in

* There is still much to be done in this connection so that the following remarks

must be taken somewhat tentatively.
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canaries by feeding them with cayenne pepper. Pigeons fed on meat

have the gizzard modified like that of a bird of prey (thin-walled),

whilst, conversely, the stomach of an ordinary flesh-eating bird (Gull)

is so modified by a diet of corn that it becomes like that of a grain-

eating bird.

Interesting experiments have been made upon the transforming
influence of an alteration in salinity. A Crustacean living in

salt lakes, Artemia salina, nearly related to the fresh water Bran-

chipiis, is modified, by gradual increase in salinity, into another

form, which has been described as a peculiar and dilferent species,

A. milhansenii. The modification does not arise immediately in one

and the same individual ; it is gradual, extending through many
generations. Conversely if A. milhai^senii is placed in slightly salt

water it becomes A. salina. Further, if the water is freshened by

degrees, until it is finally quite fresh, A. salina is gradually modified

in the other direction, so that at last it assumes the characters of the

genus Branchipus.

Animals may also be affected by variations in light; the cave

form Proteus, whitish under normal conditions, becomes speckled or

brownish if exposed to the light; for the pigment, usually absent,

now develops in the skin. If Sticklebacks are piit in a glass with

a white bottom, they turn quite pale in the course of a few days,

and if they are kept five or six weeks under these conditions, the

dark colour does not return, even when they are put in a glass with

a dark gTOund.* Similar observations have been made upon other

fish. It has been found in not a few species of Butterflies, that the

colour of the pupa really depends upon the colour of the background

upon which the larva rests during the days immediately preceding-

pupation. If the larva has lived on a light background {e.g. a light

wall), the pupa will be light, and vice-versa. In this, as in the other

cases mentioned, the action of light upon the skin of the animal

is evidently the primary cause.

Among Butterflies, noteworthy observations have also been made
as to the influence of temperature. If certain pupse are kept at

a low temperature, the colour of the Butterfly varies from the normal.
The seasonal dimorpliisni aheady mentioned, is probably originally

•called foi-th by the effect of a different temperatm-e upon the pupae : and as a
matter of fact, when the summer pupae are exposed to a lower temperature,
•specimens may appear which are like the winter-brood.

In many cases animals are curiously affected by settling in a
new locality, no further cause being ascertainable. A few
•examples will illustrate this. In 1870, a few wild Turkeys were

* The change depends upon the fact that the pigment-cells (chromatophores) of
the skin have almost entirely atrophied. This definite change in the colour of the
skin must not be confused with the colour change occurring in many animals
(Cephalopoda, Chameleon), which depends on the alternate contraction and relaxation
of the chromatophores.

V 2
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taken to a small island near California. They multiplied very rapidly,
and ten years later numerous descendants inhabited the island, but
the weight of the specimens had fallen to one- third of that of
the birds introduced; in the course of a few generations they had
assumed a pigmy form. The effect of island life generally appears to
result in the formation of dwarfs. Changes in other respects have
resulted from the removal of animals into new surroundings. A
peculiar form of Wild Rabbit has been produced in course of time
in the island of Porto Santo ; it seems to be a distinct species, possess-
ing special colour-markings, etc. This has sprung from Spanish Rabbits,
which were imported 400 or 500 years ago. Trout were introduced
into New Zealand about tAventy years ago ; their progeny varies now
in certain points in the operculum, from the European species.

The influence of dilierent external conditions upon the organism
is very clearly exhibited in domestic animals. Many of the
peculiarities exhibited by domestic races are simply the product of
local conditions, special food, etc.

It should be pointed out that the nature of the above explanations
is unintelligible. Why Artemia should undergo modifications, as a
result of migrating into fresh water : why pigment should be deve-
loped in Proteus Avhen it is exposed to the light : is not as yet exactly

understood. These facts are, however, of great importance, since they
demonstrate that the peculiarities of different faunas, the adaptation to

different kinds of food, the modification and degeneration of parasites,

mentioned in the preceding paragraphs, are in all probability, at

least to a great extent, the eifects of external causes.

5. The Stages of Life.—Duration of Life.

A number of stages may easily be distinguished in the life of

most animals. The first stage is the embryonic period ; a second, the

ensuing time of youth ; a third, the period of complete development

;

and this, finally, may be followed by a state of retrogression.

The embryonic period has already (p. 50) been sufficiently de-

scribed. The time of youth extends from birth until the animal

becomes sexually mature {i.e., pi'oduces ripe ova or spermato-

zoa), and therewith has almost attained its -ultimate size and form.

During the adult period development is almost stationary, and the

organism passes quite gradually into the senile period, when the

organs suffer partial degeneration, and are functionally less active.

The whole strength of the organism, moreover, fails, so that it readily

falls a victim to adverse influences. This state is, however, only

clearly seen amongst the higher Vertebrata (Mammalia and Aves). It

need scarcely be said that the different phases are by no means

sharply demarcated.
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In each year and in eacli stage of life there are, often, regularly-

recurring periods. For many animals, there is, daily, a period of

activity and a period of rest. Many sleep during the latter, i.e.,

they fall into a peculiar state of unconsciousness, in which the

activity of the organs is actually lessened (Mammals, Birds). The

time of rest usually occurs in the night, the period of activity in the

day ; but it is well known that some rest in the day, whilst they

become energetic in the evening or at night (nocturnal animals)

.

The year is similarly divided for very many animals into two

great periods, one of which is devoted to active life, during which

the daily activity and rest may naturally alternate : the other

to repose. This is specially the case with animals of the temperate

and frigid zones, which are, for the most part, rendered entirely

passive by the cold of winter, when their vitality is reduced to a

minimum (e.(/., hibernating insects) . Many Mammals (Bears, Dormice)

fall during this time into "winter sleep" (hibernation), a state

resembling ordinary sleep, bu.t of an intensified kind. The un-

consciousness is deeper, the activity of the organs decidedly

less, and the temperature of the body may fall several degrees.

Similarly the resting period of tropical forms may occur during the

dry season, and in certain English animals the hottest summer-
time may occasion a summer sleep (Earthworms, Rejotiles,

Amphibia)

.

Many animals, especially those of cold climates, have an annual

breeding season, at which time the ova and spermatozoa are

ripe, and when pairing takes place. At other times the ovaries and
testes are in a state of relative inactivity, and the sexual impulse is

extinguished. In warm countries, at least in most cases, such a

period does not occur. Many animals, whose nearest relatives in the

temperate zone have a limited period for breeding, reproduce all the

year round. It must also be noticed that the periodicity of marine
forms is less pronounced than that of land animals

;
ripe ova are

found in some marine animals throughout the year in cold regions.

This diversity naturally depends on the fact that the variations of

temperature are much less in sea-water than in air.

Death, i.e, the final cessation of all manifestations of life,

usually occurs in consequence of the functional passivity of a vital

organ. If, for instance, the heart of a Vertebrate ceases to contract,

the body is deprived of a necessary condition of existence, viz., the
supply of blood laden with oxygen, and all the organs and tissues

gradually die. An exact moment of death cannot be spoken
of: if a Mammal be killed by a violent blow on the head, move-
ments of the heart and respiratory organs, of course, cease almost
immediately, and the animal is said to be dead : but many of the
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tissues contiuue to live for many hours the muscles are capable
of contraction, etc.

Death ma}^ occur in any period of life : in forms which produce
very numerous ova, the majority of specimens invariably die in the
embryonic or larval stages, only a small proportion attaining sexual
maturity. This results almost always from detrimental influences

in the environment. The existence of most animals terminates

because they are killed or eaten by others : many fall victims

to pathogenic parasites, principally Bacteria and Fungi; others,

again, succumb to the eifects of climatic changes. Death,
conditioned by the normal internal state of the body, occurs rarely :

even when an animal appears to die of old age, or when, as is

frequently the case, it dies, necessarily, after a single production

and discharge of ova or spermatozoa, external conditions may
still be an agent.

The duration of life in animals, the time over which life

can extend under favourable circumstances, varies enormously

for different forms : in some, it may be limited to a few weeks or

less, in others it may extend to a hundred years or more. The
rule may be generally laid down that in a natural group, the

larger species live longer than the smaller, just as their develop-

mental period is longer : the Elephant lives more than a hundred

years, the Horse, seldom more than thirty; the Mouse, only a few;

Large Insects often live several (the Cockchafer, e.g., four), smaller

ones, a year, or even a few months only. In some, the duration of

life is very definite {e.g., most Insects die soon after laying their

eggs), amongst others it is quite unlimited.

6. Protective Adaptations.

It is well-known that most animals are preyed upon by others,

and, as a rule, they do not confront the enemy defenceless, but are

protected in different ways.

The means of protection are sometimes offensive: the prey

itself practically attacks the aggressor. The weapons used in defence

are sometimes such as are used in other cases for attack : a carnivore,

for instance, tears its prey to death with its teeth, and also uses them

as defensive weapons when it is attacked. As a rule, animals resist

their enemies with any means at their disposal ; Mammals Avith

hard hoofs, kick; if provided with strong claws, they scratch;

many insect larvas pour out a malodorous or sticky secretion. The

caudal spines of some Eays ; the stink-glands of many Insects and

of the Skunk {Mej)hitiii) , whose disagreeable secretion is ejected to

drive away the enemy, are special weapons of defence.

Other animals try to frighten the enemy by violent cries,

by terrifying movements, by bristling the feathers or hair.
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Other means of protection are of a purely defensive nature,

and liere there is a great diversity. Many animals try to escape

danger by flight, and many weak and defenceless forms have

remarkable powers in this direction {e.g. Antelopes). Others save

themselves by hiding. Many offer resistance in the shape of a

specialised protective covering (a prickly skin, a stiff coat of mail).

Not a few Insects are characterised by a repulsive taste or odour, and

by this keep the enemy at a distance
;
many animals are protected,

whether in motion or at rest, by their resemblance to their sur-

roundings (protective resemblance)
;
many, on account of their green

colour, are diflBcult to distinguish from their food-plant
;
many, again,

are concealed by the leaf-like appearance of the wings or other parts :

the most delusive resemblance is perhaps found in some Indian

diurnal Butterflies [Kallima) which can scarcely be distinguished

Fig. 43. Two specimens of a Kallima Fig. 44. Two looper caterpillars {Geo-
settled, with closed wings, between withered metra hetularia).

leaves.—After Wallace.

from the dry leaves of the trees or shrubs whereon they rest with

folded wings. Among European Lepidoptera, a Bombyx (Gastropacha

quercifolia) also exhibits a remarkable similarity to dry leaves. Other
Insects are like withered twigs, e.g. some Looper-caterpillars (Fig. 44),

which extend motionless from a branch, attached only by the hinder
end.

It seems specially remarkable that some animals which are

protectively modified have come to resemble, externally, others

which are from some cause unpleasant to their enemies, and
therefore, are comparatively unmolested (mimicry). In South
America, for instance, there lives a group of Butterflies (the Heli-

conidae), poor fliers, with conspicuous colouring but with so unpleasant
a smell, that they are rejected by Birds ; certain other Butterflies,

living with these, but not possessing their odour, are remarkably like



72 General Part.

them in shape and colour and are thereby protected from the attacks
of Birds. Not a few moths (Clearwings) of which specimens live

in England are, in external appearance, extraordinarily similar to

Hymenoptera, which are protected by the possession of stings,

7. The Power of Resisting Unfavourable
Conditions.

Most cold-blooded animals can remain alive in spite of a consider-

able decrease of temperature, so long as the fluids in the body do
not freeze ; and in many the water in the tissues does not freeze even
if the temperature of the body sinks several degrees below zero. Some
animals are so constituted that they revive after being frozen through
and through

;
although as a rule, the injury occasioned is so great that

death ensues. In a dry state, some animals can withstand a very

great fall of temperature, even to many degrees below zero; for

instance, small dried Nematodes have been exposed to a temperature

of — 19°, and have revived afterwards. Not a few forms are still

active at freezing point; others, however, are exhausted and

stupified, and many, long before it has sunk to this. The warm-
blooded Vertebrates, also, whose temperature under normal conditions

is fairly constant, may endure a considerable decrease of heat, but die

long before freezing point is reached : Rabbits, whose noi-mal heat is

31° or 32° C, die if it sinks to 15°. Hibernation forms an exception,

for here the temperature falls to within a few degrees of freezing,

without danger to life.

Yery often the outer layers of the body are of such a nature that they sei-ve

to protect the inner part against cold : fui-, in many Mammals
;
ijanniculus

adiposus (blubber) of Seals and Whales. To escape the winter cold, many
animals betake themselves underground (Earthworms), or, if aquatic, to the

warmer waters below the sm-face or to the mud at the bottom.

Warm-blooded animals sulfer more from a rise in the tempera-

ture than from a fall. As soon as there is a rise of a few

degrees above the normal they die. Protoplasm coagulates at

40°—50° C, and therefore they cannot endure a higher temperature

than this. Possibly dried animals alone form an exception.

When small pools dry up, their inhabitants seem to disappear;

but when they fill again with water, the same animals usually re-

appear very soon. This depends, principally, upon the fact that many

eggs have a hard covering which resists desiccation. Many Protozoa

also can secrete a similar capsule; more rarely the creature can

endure a real drying-up, a withdrawal of much water from the

tissues. This has been demonstrated for some forms: a Nematode

[Tylenchus tritici) may, after remaining for a long time in a com-

pletely desiccated and shrivelled state, revive, when it is put in

water again, absorbing it into the tissues; this is true also of

many other small Nematodes, and for Rotifers and Tardigrada,
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Avhich. live in earth or on plants (moss). Most animals, however,

die wlien water is withdrawn to any considerable extent, whilst many

{e.g., Gastropods) sustain no injury from a slight deprivation.

Whilst some animals can scarcely live a day without food, others

can endure h u n g e r for a considerable time without injury

:

Frogs, snakes, and many others can live several months without

food. Sometimes animals can hold out for a very long time if they

are supplied with water alone, although they soon die if this can-

not be obtained. Many fast periodically ; the periods of rest in

particular, which so many undergo, are simultaneous with periods

of starvation. It has been shown for some Fish (Salmon) that

before, or during, the breeding season they take -no food for many
weeks, and the digestive tract becomes quite shrunken up : the same

thing, occurs also in certain other forms. Moreover, many Insects,

in the perfect state (which is here the breeding time also), can

take no food on account of the rudimentary condition of their

mouth-parts. During the period of starvation the body naturally

loses in weight, for oxidation of the tissues still continues. Often

when such a period approaches, masses of fat are stored up in the

body, and are consumed whilst it lasts (Bears, Insect-larvse before

pupation) ; or reserves may be provided in other ways (crystalline

style of Lamellibranchs)

.

Whilst many animals, if deprived of oxygen, die instanta-

neously, ' or after a few minutes, there are others which can

dispense with it for a considerable time, even for many days.

Such animals as the Frog, indeed, can live in an atmosphere

destitute of oxygen : only after several hours does a certain dulness

occur, followed by an apparent death, from which the frog can
recover if it has not continued too long. Many Insects, Worms, etc.,

exhibit a similar peculiarity. Since the production of carbon-

dioxide continues, combustion must be carried on by means of

the oxygen stored up in the cells.

VII. The G-eographical Distribution of

Animals.

When the great divisions of the surface of the earth are compared
with one another, it is found that animal life is possessed of a consider-
able diversity of character, and this is true for different land faunas
(including fresh-water), as well as for marine. The animals which
live in South America are different from those inhabiting Europe;
the fauna of the East Indian coasts differs from that occurring round
Europe, and so on.
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As regards terrestrial and fresh water faunas, it is found that
the surface of the earth may be divided into a number of large
z o 0 - g e o g r a p h i c a 1 regions, each of which harbours a fauna,
distinguishing it, in certain respects, from the rest. Of such regions,
the following have been established :

'

1
.
The Palsearctic region: Europe, Temperate Asia, Africa

north of the Atlas Mountains.

2. The Nearctic region Greenland and North America,
to North Mexico.

3. The Ethiopian region: Africa south of the Atlas
Mountains, Madagascar, South Arabia.

4. The Oriental region: India and Further India, with
the adjacent islands.

5. The Australian region: Australia, with some islands
which belong, geographically, to Asia.

6. The Neotropical region: South America, the Antilles,
South Mexico and Central America.

Each of these regions is distinguished by the possession of a
number of animals not occurring in the others, and giving it its

special characteristics, which may be more or less definite. The
regions are subdivided: the Palaearctic region is separated into

four sub-regions: the European, including Europe, with the
exception of the South European peninsulas ; the Mediterranean,
districts around the Mediterranean Sea ; the S ib erian, the greater

part of Northern Asia ; the Manchurian, the eastern part of the

Chinese Empire, and Japan ; each of these divisions is characterized

by lesser peculiarities.

This diversity of animal life results from many causes. Tempera-
ture plays a great part, and explains, for example, why tropical

regions present a richer and more varied fauna than cold countries,

and it is further evident that certain groups and species are suited to

a warm, others to a cold climate. By no means all the peculiarities

of the -'iige areas can be explained in this way : that, for instance, a

large number of species occurs in the Paljearctic region, but not in the

Nearctic, cannot be ascribed entirely to the influence of temperature

or other climatic conditions ; for large tracts of both regions agree in

these respects ; and many of the animals which are characteristic of the

one can flourish abundantly in the other. This experiment has been

made with several species, among them the Common Sparrow, which

was introduced into North America, and has so increased there that it

has become a perfect pest. The same is true also of other regions :

with a single exception, the only Mammals in Australia are

Monotremes and Marsupials, and the reason for this cannot be that

others are unsuited to the country, for large numbers of European

animals are established there, and thrive exceedingly ; the Rabbit, for

instance, has run wild, and is now counted by millions. There must,

consequently, be other causes.
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On a closer inquiry into these causes, it is found tliat large regions

are generally separated from one another by natural barriers of difPerent

kinds—large seas, high mountains, extensive wildernesses—difl&cult to

surmount. That each region retains its own peculiar fauna, is primarily

to be ascribed to the fact that the animals have lived for a long time

as a relatively circumscribed group, and during this separation have

been modified in o n e direction, whilst their relations elsewhere have

developed in others. The differentiation of two regions, which were

originally continuous and in conformity, but now are separated, has

been explained as follows : on the one hand a number of peculiar

forms has originated in each ; on the other, some of the original forms

have survived in one region and become extinct in the other. In this

way it is easy to understand, for example, the great faunistic

differences of the Neotropical and Ethiopian regions, which present

similar physical conditions, but are divided by extensive seas, so that

for immensely long periods of time they have probably had no

connection. If some of the regions in sharp zoo-geographical contrast

are less clearly separated geographically {e.g., India and Australia)

it is probably due to their having been more definitely divided at an

earHer period. On the other hand, the circumstance that the

Palsearctic and the Nearctic regions, for instance, which are now
absolutely distinct, exhibit in many points a considerable similarity

—

a number of Mammals is common to both regions, and other types are

represented in both by nearly allied species—is plainly explicable, on

the gi'ound that in early times, and even relatively late, these regions

were more closely connected than they are now. The diversities and
similarities of the zoo-geographical regions may consequently be
regarded to a great extent, as the result of alterations in
the conditions of the earth's surface.

Regions similar to these may also be established for marine

animals, especially for littoral forms. They do not, of course,

coincide with the terrestrial divisions ; the fauna of, the east coast of

South America, for instance, belongs to one region, that of the west

coast to another, and so on. The abysmal fauna, on the other

hand, has, for the most part, the same characters in all seas. Many
abysmal species have the widest geographical distribution ; this is

quite intelligible since the physical conditions, the temperature, etc.,

are relatively uniform, and there seem to be no impassible barriers.

This holds also for the pelagic fauna, which, throughout the warm
zones, exhibits a very uniform character though in the cold seas,

both north and south, it is of a somewhat different type : since other

natural barriers are wanting, temperature is here of paramount
importance.
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VIII. The Geological Distribution of

Animals.

Geology, tlie history of tlie evolution of the earth, shows that

animal Hfe has existed during immeasurable periods of time;

and further that the fauna through these ages has by no means
been always the same as at present, but has been subject to a series

of extraordinarily great changes. The animal remains of

different periods, enclosed in the earth's crust, are the source of

this knowledge.
The presence of sucli traces in the eai-tli's crust is intelligible from the

following considerations. In all natui'al waters, but especially in the sea, there

is a constant deposition of finer or coarser particles, which may be either in

solution or in suspension in the water : the waves, assisted by atmospheric

action, tear o& portions of the coast, and the debris is laid down again, the

coarser sand or gravel at once, in the shallower places ; the very fine, which is

set in motion by the slightest ripple, only at greater depths, where the waves

do not penetrate. Rivers carry down to the sea great quantities of aUuviimi, into

which sink the dead shells of numberless minute marine organisms : in this way
the sand, gravel, or mud of the ocean bed, forms compressed deposits, which, in

coiu'se of time, often harden into solid masses of shale, hmestone or sandstone.

The deposits are stratified: the end of one strattim and the beginning of

another are important as indicating either an interruption in the sedimentation

or the beginning of a different formation. The same thing occm-s on a small

scale in great inland seas.

Such a formation of strata has taken place from the earliest times, and

in so far as animals have lived in water, or have chanced to faU in after death,

then- remains are imbedded m the deposits. These stores of animal remains

woidd, however, avail little, were they inaccessible; but the great changes

which have occm-red in the earth's sm-face in the course of ages and which

are always taking place, have put the beds, even of oceans and of inland seas,

within reach. Parts of the surface, which in earlier times were covered by

the sea, are now, in consequence of elevations, dry land, and therefore may

be investigated, and with great facility, for at many places and in many

ways natural sections of the strata have been produced, so that remains

bmied in the bed of the sea at different epochs have been brought to light.

The same thing has often occiu-red in fresh-water beds.

The animal remains which have been found in the earth's strata

are, as a rule, grouped under the general term of petrifactions

or fossils. The former name is, however, not absolutely correct,

for ''petrified" remains are only exceptionally found. As a rule, only

the hardest of the calcified parts have been preserved ; traces of the

soft parts occur quite rarely, and then usually as impressions in the

stone, which must in these cases be of a very fine grain
:

impressions

of Hydrozoa, for example, are sometimes found in the Bavarian

lithographic slate, originally a calcareous silt. The hard parts

occurring in the strata are in many cases relatively unaltered ;
the
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shells of Molluscs, Echinoderins, etc., are often but little changed,

so also are the bones of Vertebrata, except that the organic sub-

stances disappear, and only calcareous matters remain, so that fossil

bones are lighter than fresh ones. In other cases, the bones or

shells have been infiltrated Avith other matters, such as the silica

dissolved in the water. For instance, Echinoid shells of the

Cretaceous period are found, filled with silicates (flint) ; or silicated

bones, as hard as stone, penetrated throughout with silica. To

such cases, the term " petrified " may be correctly applied. Often

the hard parts themselves are not found, but merely their

impressions in the stone in which they were imbedded. Some-

times the shells, originally filled with silica, have later been dissolved

away, so that only the cast remains, a mass of flint with an impression

of the interior of the shell on its su.rface.

It is evident that the conception of the faunia, of early times to

be formed from the study of fossils (Palaeontology), must be

very incomplete. Only an extremely small proportion of the animals

of a given period are preserved in deposits; by far the greater number
disappear without a trace. Of these there are, in the first place, all

those which possess no skeleton, so that they vanish entirely with

few exceptions. Of the rest, the terrestrial forms are preserved only

in favourable cases, for all those which are left after death, on diy

land, soon disappear entirely. Aquatic animals, especially marine

forms, with hard structures in or round them, stand, on the other

hand, a better chance of being preserved; but of these, by far

the gTeater number vanish, even when they are not devoured by
other animals, for by no means every part of the ocean bed is fit

for their permanent preservation. As for the parts which, in earlier

times, were really imbedded in a suitable place, and so were ]Dreserved,

many have been lost again, for the strata have been disturbed by
volcanic action, for example, which destroys all traces of life.

Finally, it must be noticed that only an extremely small proportion

of the materials contained in the strata now, is accessible to the-

investigator : most of it is only too well preserved. All this must be
taken into consideration in estimating the importance of the con-

ception of the fauna of byegone ages, supplied by the examinatidn

of fossils.

Now it is clear, from this inquiry, that animal life has gradually

undergone great changes from the oldest times until now ; the

different periods (see p. 79), into which the history of the earth

may be divided, were characterized by different floras and faunas

whose remains are preserved in the strata, where they have been
ever since. The more remote the time, the more different is the

animal (and plant) life from that now existing. The animals found
in the older formations may, for the most part, be classified without
difficulty to-day, in the phyla and classes arranged for existing forms.



78 General Part.

They belong, however, without exception, to different genera and
species, often, also, to families and orders not occurring in this age,
and, moreover, large divisions, forming the most conspicuous part of the
present fauna, did not then exist. So, for instance, the Vertebrata,
from the oldest formation to the Devonian, are represented only by
Pish, whilst Amphibia, Reptiles, Birds and Mammals are entirely

wanting. From what has been said above it will be seen that these
observations must be interpreted with great caution, for the absence
of certain animals from a given formation does not necessarily mean
that they did not live in that period. This much, however, can
be said : had the group been largely represented in that early time,

some remains at least would probably have been found. The nearer

the period in which the formation was laid down to the present day,

the more closely does the fauna resemble that now existing.

This agrees with what must be expected on the theory of
descent. An opinion is expressed by the opponents of this

theory that, were it correct, the contents of the strata should fur-

nish a far more complete phylogeny : and they say further that

there is, even in the oldest fossiliferous formation, the Cambrian, a

small fauna, which, though poor, is still far more specialised than

the original fauna could be, according to this hypothesis. The
first objection is already disposed of by the foregoing remarks,

from which it is evident that our knowledge of primaeval times must

necessarily be extremely incomplete ; and as for the second

objection, it must be pointed out that the oldest known animals

are not necessarily the earliest to have existed ; it is quite possible that

they had a long line of unknown ancestors. Geology can show below

this formation others still older, which probably were also formed

under water, but were so modified (metamorphosed) in course of time

that it would not be extraordinary if the then existing fauna, which

may have consisted chiefly of soft forms, had left no trace.*

When the appearance, in course of time, of individual groups is

observed, a similar impression of the small number of facts against

the doctrine of descent, is gained. This is, for example, the case with

the classes of the Vertebrata: if a Vertebrate pedigree based on a

consideration of the structure of the different Vertebrate groups is

designed, Amphioxus being excluded, the folloAving arrangement

results. The Pisces are the most primitive and from them arose

the Amphibia, from the Amphibia again, the Reptilia, and from

these, on one side, Aves, on the other, Mammalia. The story

from the earth's strata corresponds closely with this. Fish are the

only Vertebrates of the Silurian and Devonian. The earliest Amphibia

are found in the Carboniferous. In the great formation folloAving,

* From the nature of some of these old strata it can with certainty be asserted

that organisms must have assisted in theii- formation ; this is especially indicated by

the presence of chalk, graphite, and anthracite.
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the Permian, are the first Reptiles ; in the Trias, the first Mammals

;

and in the Jurassic, the earliest Birds. A study of special examples

gives a similar result. Amongst living Mammalia the Horse, as is

well-known, is in some respects, e.g., the structure of the foot, a very

peculiar and aberrant form. The horse itself appears late
;

the true horse, Equus, with a single toe on each foot, as in the living

form, first occurs in the upper Pliocene, but its near relative,

Hipparioji, having the middle toe, and also the second and fourth in a

reduced form, lived in the early Miocene and on into the Pliocene.

In the lowest strata of the Miocene, before the appearance of

Hipparion, a third genus, Anchitherium, is found, more remotely

related to the horse^ from which the structure of its teeth shows a

considerable removal : it has, however, the same toes as Hippari n,

but better developed, and in this respect it approaches the genus

Palseotherium, of the Eocene. In attempting to reconstruct this

phylogeny from anatomical considerations, it is certain that

Equus must be derived from Hipparion
;

Hipparion from

Anchitherium; and the latter from Palsiotherium, or some nearly

related form : and with this the geological succession agrees closely.

A similar genealogy may be drawn up for many other groups,

although the imperfect knowledge of extinct forms often renders it

impossible.

Table op Fossiliperous Formations.

Quaternary Pleistocene.

Tertiary ( Pliocene.

or \ Miocene.
Cainozoic I Eocene.

Secondary [
Cretaceous,

or i Jurassic.

Mesozoic ( Triassic.

! Permian.

Carboniferous.

Devonian.

Silurian.

Cambrian.



General Part.

Appendix.

Resemblances and Differences between Plants and
Animals.

Now that tlie most important features in the stiticture of animals in
general have been studied, a consideration of the relations of the Animal
Kingdom to the other great division of the organic world, the Vegetable
Kingdom, may not be out of place.

Both plants and animals are composed of cells; in the simplest forms of
a single cell only, but usually of a great nmnber. The cells consist, at least when
young, of protoplasm, and generally (perhaps always) in plants as well as
animals, contain a nucleus. The protoplasm of plants displays the same
essential characters as that of animals (see pp. 1—4) ; it exhibits the power of

movement ; it possesses irritability ; it feeds, by taking up materials from the
emdi-onment ; it absorbs oxygen and gives off carbon-dioxide. The cells grow,
and multiply by fission. Sexual reproduction, i.e., the formation of a new
organism from a single ceU after its union with one from anothei- individual

of the same species, occm-s in most plants as well as in most animals.

In considering the differences between the two kingdoms, the lowest

imicellular plants and animals, the Protophyta and the Protozoa will, at fii-st, be

disregarded, whilst the Metazoa and the multicellular plants ai-e conti-asted.

In general construction there are important differences. Animals, with

very few excej)tions, possess an alimentary canal, a cavity into which food

is taken, and in which it is digested and absorbed ; it is specially characteristic

of this system that it appears at a very early stage of development. Anything

homologous, or even only analogotis with, the digestive canal is entu-ely wanting

in plants, which take in their food tlu-ough the sm-face in a liquid or gaseous

form. This is not, however, an absolute distinction, for an alimentaiy canal

is absent from some animals {e.g., the Tape-worms). Eiu"ther, a niusciilar

and a n e r V o u s system are wanting in all plants, whilst these organs apparently

occiu' in all Metazoa : sense organs, which in theii' simplest form, as sense-

cells, are probably represented in aU Metazoa, are never ijresent in plants : a

vascular system and special excretory organs are also peculiar to the

Animal Kingdom, although they do not occm- in every member of it. On the

whole, it may be said that plants exhibit in internal organisation, only a very

slight indication of that specialisation of organs which is, compai-atively, so

pronoimced in animals. The so-called organs of plants are only special regions

and appendages of the body.

Quite as significant is the contrast in the tissues composing the body.

In animals, the cells, originally imdifferentiated, develop in very different

ways. Some remain in their primitive condition, others secrete an intercellular

substance, varying in stmcttu-e and chemical composition ; in others, the proto-

plasm becomes modified into a peculiar contractile substance. In plants,

the cells are almost always sim-ounded ^vith cell-walls, consisting of c e 1 1 u 1 o s e,

and the internal differentiation of the body, as far as its tissues are concerned,

depends, principally, upon a variation in the form of the cell or upon the thick-

ness, toughness, etc., of the cellulose wall, and less upon modifications of the

protoplasm, wliich always remains protoplasm, unless, as in many adult cells, it

has disappeared entirely.

80
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With regard to food, there is a wide difference between animals and the

great majority of plants. Animals feed npon other organisms, or on organic

substances ;
they cannot build up new tissues, nor repair the waste occasioned

by vital activity, with inorganic materials alone, although, of com-se, these

occur as constituents of the food (water, calcareous salts). Plants, on the

other hand, can feed exclusively upon inorganic substances, and in correlation

with this, some of then- cells are provided with a peculiar green substance,

chlorophyll, which enables them, in the presence of light, to separate and

assimilate the carbon from the carbon-dioxide in the air. This power is not

possessed by animal cells, which are always destitute of chlorophyll* : on the

other hand, there are not a few plants {e.g. all the Fimgi), from which it is also

absent. These cannot, therefore, assimilate carbon from the air, but, like

animals, must obtain it from organic substances.

Finally, in contrast to plants, animals possess sensibility and the powei

of voluntary movement, which seems to be a mark of absolute distinction

between plants and the Metazoa.

From the foregoing remarks, there can never be any doubt as to whether a

given organism is a multicellular plant or a Metazoon, at all events, if a

careful examination has been made ; but it is otherwise with the unicellular
organisms. They cannot be considered in the light of the differences

characteristic of multicellular plants and animals, ju.st enumerated : indeed, it

is impossible to speak of alimentary canal, of musculatm-e, of nervous system,

or of systems of organs at all, in unicellular animals ; for the most part it is

difficult to say whether sensation and voluntary motion are exhibited or not

;

and the mode of feeding is no absoliite test {cf., above). To divide the

rmicellular organisms between the two kingdoms is, to a certain extent arbitrary,

but since chlorophyll is peculiar to plants, and never present in the Metazoa,

it is justifiable to regard all organisms containing this colom'ing matter as

plants : on the other hand, the numerous unicellular organisms which ai"e

destitute of chlorophyll must not be regarded as animals without some fui-ther

demonstration : for it is imdoubtedly wanting in many plants, and its absence is

; not therefore adequate proof that the organism is an animal. Fui'ther, it

must be taken for granted that those organisms with a cellulose cell-wall

belong to the vegetable kingdom ; whilst, on the other hand, those which exhibit

iin then- protoplasm a differentiation recalling the cell-modification of the

! Metazoa (the muscle-like protoplasm in the Infusoria), should be classed as

! animals. All those, moreover, which ingest solid food are considered to be
1 animals ; but for many " animals " even this does not hold, and theii- location is

]
pui'ely a matter of custom.

* It has been stated that chlorophyll is present in some animals, but this supposed
' chlorophyll has been proved either to be some other green colouring matter, or to
1 belong to Algae parasitic in the animal.
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SPECIAL PART.

Systematic View.

The Auimal Kingdom may be classified as follows :

—

Sub-Kingdom I. : Protozoa.

Unicellulai' animals : they may be colonial, but then the

members of the colony are essentially alike.

Sub-Kingdom II. : Metazoa.

Multicellular animals : the cells are diiferentiated (division of

abour)
;
alimentary canal, nervous and muscular systems, etc. The

Metazoa are subdivided into the following Phyla :

—

Phylum 1. Coe lent era.—Eadiate animals of a very simple

structure
;

body saccular, composed of three layers enclosing a

digestive cavity. No anus. No body-cavity. The different organs

present elsewhere in the Metazoa are but slightly indicated here.

—Appendix : Sponges.
Phylum 2. Bchino derma.—Radial symmetry. Body-cavity.

Specialised systems of organs. Calcifications in the body-wall. A
vascular system. A special water vascular system in connection

with tube-feet. Larva bilateral.

Phylum 3. Platyhelminthia. — Bilaterally symmetrical,

unsegmented animals, without body-cavity ;
usually without vascular

system or anus. A branched excretory apparatus with peculiar

terminations.—Appendix :Rotifera.
Phylum 4. Nemathelminthia. — Bilaterally symmetrical,

unsegmented animals of a cylindrical shape, with body-cavity and
anus.

Phylum 5. Annelida.—Bilaterally symmetrical, segmented
animals, with relatively similar segments. Limbs, when present,

unjointed. Thin cuticle. Body-cavity, vascular system (usually),

and anus present. Segmented ventral nerve cords, connected with

a pair of ganglia lying above the pharynx. Eyes feeble. A pair

of tubular excretory organs in most segments (segmental organs).

—Appendix : Polyzoa, Brachiopoda.
Phylum 6, Arthropod a.—Bilaterally symmetrical segmented

animals, with variously, modified somites. Limbs jointed. Dermal
.skeleton formed from a well-developed cuticle. Body-cavity. Heart

G 2
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on the dorsal side. Nervous system as in Annelida. Hig'lily

specialized optic organs (compound eyes). Segmental organs always

much reduced in number or entirely wanting.

Phylum 7. Moll u sea.—Bilaterally symmetrical unsegmented

animals. A ventral muscular foot. A fold of skin, the mantle,

covering part of the body. No continuous cuticle. A part of the

integument secretes a shell which is closely adherent to the animal

at certain points. Body-cavity. Dorsal heart. A pair of ganglia

above and beneath the pharynx, no ventral nerve cord. Usually a

lingual ribbon armed with rows of chitinous teeth. Segmental

organs reduced in number.

Phylum 8. Vertebrata.—Bilaterally symmetrical animals;

certain parts of the ,body (skeleton, musculature) segmentally arranged.

Usually two pairs of limbs, never more. Body-cavity. Ventral heart.

Central nervous system in the form of a continuous thick-walled

tube along the dorsal side, generally enlarged anteriorly. Beneath

this an elongate rod, the chorda dorsalis (notochord), which forms

the basis of the usually highly specialised endoskeleton.—Appendix :

Tunicata.



Sub-Kingdom I.

Protozoa.

It has already been noticed in the general part that the animals,

included in the group Protozoa are simple cells, each individual

consisting of a single cell only. In certain cases, however, several

individuals may be united to form colonies, approaching the

metazoan condition, where each individual consists of groups of cells.

There is, however, an essential difference between a protozoan colony

and a metazoan individual, since the former consists of cells which

are identical in the more important respects, whilst the cells of the

latter vary in structure and in function, division of labour having

occurred.

In all the Protozoa, the body consists of protoplasm with a

niicleus; in liiany there are numerous nuclei. The nucleus is

usually spherical or oval, but sometimes more elongate. The protoplasm

frequently contains vacuoles, small cavities filled with a fluid

;

some of these are contractile, i.e., they contract and enlarge

alternately as the fluid is expelled or fresh supplies are obtained from

the cell substance. Their contraction is, of course, dependent upon pro-

toplasmic movements, since they have no definite walls. Apparently

their function is essentially excretory, and in various forms uric

acid has been found in their contents. Not infrequently different

substances are secreted by the protoplasm, such as oil globules,
pigment granules, and so forth. Very often, too, it secretes

skeletal structures usually consisting of lime or silica; these

will be considered in greater detail under the Rhizopods and Radio-

larians.

Many Protozoa, like the Amoeba, can protrude pseudopodia
from any part of the body, so that its external form is constantly

changing. In others this power of amoeboid movement is entirely

wanting, the outer layer of protoplasm being firmer than the inner

softer portion, from which, however, it is often not sharply marked
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oft" (Infusoria) : or the outer layer may constitute a definite and
well-defined, altliougli flexible, coat, as in the ectoplasm of Grega-
rines. In both cases the body is, however, usually capable of

considerable change of shape. Where the form is fairly constant,

the body is often beset with cilia or flagella, varying in size and
number. Almost all the Protozoa are microscopic in size.

Eeproduction, like multiplication in all other cells, occurs

by fission; the nucleus dividing first and then the protoplasm.

Usually the fission is binary, but very often the animal breaks up
simultaneously into a large number of small individuals (spores).

Sometimes division occurs by a j)rocess of gemmation, a small

portion being constricted off to form a new individual.

A great many forms, of various divisions, have the powei-

of encysting if the conditions are unfavourable, emei"ging

again when they im23rove. The body becomes spherical and

secretes a membrane of varying thickness over its whole surface,

and in this state it is able to survive complete desiccation : thus

encystation occurs if the water in which the organism is living

begins to dry up : or, again, if it is too stagnant, or when the

food is exhausted, or, after the animal has ingested a large supply

of food, when it remains at rest until digestion is completed.

Fig 45. An Infusorian in the free state (left), and encysted (right). N nucleus (macro-

nucleus).—After Balbiani.

Fig. 46. An encysted Infusorian which has broken up into a number of spores, now

in the act of leaving the cyst.—After Fourquet.

Lastly, it may encyst before undergoing fission. The

protoplasm then divides into spores (frequently a very large

number), which later on leave the cyst (c/., the Gregarines
;

the

same thing also occurs in other forms, e.g., in the Infusoria).

In many Protozoa, conjugation may sometimes be observed : two

individuals of the same species approach one another and fuse, a

fusion of the nuclei also occurring. This conjugation recalls the

fertilisation of the Metazoa, which also consists in a fusion

of two cells and their nuclei. Very often it is followed by repeated
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division (c/. the Gregariues) , just as in the Metazoa, fertilisation is-

succeeded by active cell division. For the conjug-ation of the

Infusoria, see that group.

Gymnomyxa. .

Infusoria. Body covered with oil

i

Without ciliaG r e g a r i n a

With pseudopodia.

I"

Without pseudopodia.

Class 1. Gymnomyxa. {Sarcodma.)

The numerous forms belonging to this class are all possessed of

the power of protruding pseudopodia, by means of "which they

move about, and ingest their food. Most of them are provided with

a skeleton, harder portions within or around the protoplasm, varying'

in form and in chemical composition. They are for the most part

marine.

Order 1. Rhizopoda.

In some Rhizopoda, for instance, in the Amoeba, which has

already been mentioned, there is no skeleton. Most of them, however,

are furnished -with a protective structure in the form of a shell,
which surrounds the greater part of the body. In the simplest cases

the shell is cap-shaped, with a single large opening through which
the protoplasm projects. In others it is complicated by being-

B

\\\
/

Fig. 47. A {DiffMyia) and B {Emjlypha), two imperforate fresh-water Ehizopods, with
chitinous shells

; in A small foreign bodies are fastened to the shell, n nucleus, psevwlo-
podia. Q Marine Ehizopod {Eutalia).—-A after Stein, B after Hertwig and Leaser, C after
M. Schnltze.



88 I'rutozoa.

multiluciilai-, i.e., divided by transverse septa into several small
cavities, which, however, communicate by small pores in the septa,
so that the protoplasm is continuous. Such shells are either
straight or spirally coiled, a character which may also obtain in
the unilocular shells; and they often closely resemble a nautilus
shell in miniature. Both unilocular and multilocular shells may
either be perforate, i.e., having besides the larger opening,
numerous fine pores, through which the protoplasm may extend

J

or they may be imperforate, without such apertures. In
the Perforata and in some Imperforata the shell hes actually
within the protoplasm, for its surface is covered by the
overflow of protoplasm. The shells either consist of a chitinous
material, to which grains of sand or other foreign bodies are often
firmly cemented; or they are composed entirely of calcium
carbonate as in most marine forms (the calcareous shell may
also be strengthened by the incorporation of foreign bodies).

The protoplasm is usually homogeneous throughout, but some-
times there is a superficial layer which differs from the rest in its

hyaline appearance and in the absence of granules, although not
sharply separated off from the inner granular portion. Pigment
granules frequently occur in the protoplasm ; there are often vacuoles,

which are as a rule non-contractile. The nucleus is of simple

spherical form; occasionally there are several, sometimes many,
present. The pseudopodia are either broad lobes (Fig. 1,

Fig 47 A), or delicate threads which then radiate out in great

numbers, and frequently anastomose (Fig. 47 G) ; these thin pseudopodia

are often of considerable length, and may be even as much as ten

times as long as the shell. The animal moves by means of its

pseudopodia, crawling about at the bottom of the sea, over plants,

etc.
; by means of them also, it surrounds microscopic organisms or

decayed organic fragments, and thus feeds upon them.

Comparatively little is known as to their reproduction.
Simple binary fission has been observed in various Rhizopods

;

in the forms with shells, one of the newly-developed individuals

usually constructs a new shell, whilst the other remains in the old

one ; or both may leave the original shell, and form new ones.

Sometimes, also, a large number of smaller individuals may arise

within an older organism.

Some of the Rhizopods inhabit freshwater; some are found in

moss or damp earth, a few upon dvmg, a few are parasitic {e.g. Amwha
coU, in the human intestine). The majority, however, are marine,
they are usually found crawling about on marine plants, colonial

animals, or on the ground, usually at no great depth. A few forms

are Pelagic, swimming about in the open sea, often in great numbers

;

as they die their shells sink to the bottom, where they are

met with in the extensive deposits composed of their remains
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{Qlohigerina) . Similar beds of Rliizopod shells liave also been

deposited in earlier times, and these, though in a more or less

fragmentary condition, form a consider-

able part of important geological strata

(chalk).

Am ce b 88 with lobate pseiidopodia and without

shells (c/., p. 3-5) occm- both in salt and fresh

water. Several genera, with simple unilocular

chitinous shells (sometimes covered with foreign

bodies) ai'e found in fresh water (Fig. 47 A, B).

One of the numeroiis marine shell-bearing forms,

which are often extremely fragile, is di-awn in

Fig. 47 C. Among the very numerous fossil forms

may be mentioned the genus NummuUtes (Fig. 48),

distinguished by its size, which is, for a Protozoon,

enormous.

Order 2. Radiolaria.

The Radiolaria differ from the Rhizopoda, in possessing a

central capsule, a porous membrane enclosing the greater

portion of their protoplasm. Outside the central cajDsule there

is a thin protoplasmic sheath, and outside this again, a thinner

or thicker sheath of gelatinous material. The body is typically

A B

Fig. 49 A. Diagrammatic figure of a Radiolarian from which the skeleton has
been r.-moved. c central cap.sule, (/ jelly veil, h nucleus, p pseudopodia.—Orig.

Fig. 49 B. Skeleton of a R a d"i o 1 a r i a n.— After Haeckel.

spherical; but the deviations from this type are numerous. In
addition to the capsule, there is usually a well-developed
skeleton, which generally consists of silica (occasionally of an
organic .substance); it varies considerably in the different forms. In
some it consists of a number of isolated spines which radiate from the

r ig. 48. NummuUtes distatis,

natural size; the figure or
the left represents an example
which has been longitudinally

dissected ; that on the right,

a transverse section.— After
Archiac and Haime.
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centre of the animal, jDerforate the central capsule aud the various
soft layers and project all over the surface. In others it forms a
latticed sphere perforated by many large apei-tures whilst spines
sometimes radiate from it to the surface (Fig. 49, B). In others
again, there are several such spheres, enclosed one within the other
and connected by radial spines crossing from one sphere to anothei-

;

if there are two such spheres one lies within, the other outside the
central capsule ; if there are three, the innermost may lie within the
central nucleus. In other cases the shell is more discoid or dome-
shaped

;
altogether the skeletons of this division offer the greatest

variety of beautiful forms.

Within the protoplasm of the central capsule there is a nucleus
(sometimes several) ; in that external to the capsule there are non-
contractile vacuoles; white, red, and yellow oil globules; and red,

yellow, and brown pigment. Delicate pseudopodia usually

radiate on all sides from the thin layer of protoplasm surrounding the

central capsule
;

they often anastomose. They perforate the trans-

parent jelly veil and project into the water as long filaments. In the

protoplasm external to the capsule there are numerous vacuoles
which may also occur in the portions of the pseudopodia lying

in the jelly veil, so that the whole of the jelly has a vesicular,

foamy appearance.* Food, consisting of unicellular plants and
animals, is caught by the pseudopodia and drawn into the

protoplasm.

The reproductive processes are imperfectly known. In some

forms the contents of the central capsule have been observed to

break up into a number of smaller cells each furnished with from

one to three long flagella, " swarm spores," whose ultimate fate is

unknown ; it is only certain that the capsule bursts and the spores

become free-swimming.t Some Radiolaria, in consequence of repeated

division, form colonies, the individuals of which are connected by

a common jelly veil.

Small yellow cells are frequently found in the Radiolaria

;

their existence used often to be cited as one of a number of points

indicating the multicellular structure of this group. Recent researches

have, however, demonstrated that they are really independent

organisms, small Algae, which are parasitic in the Radiolaria, or

more correctly, commensal with them, for the organism seems rather to

profit than to suffer by their presence, since like other plants they

* The vacuoles, at least in some of the Kadiolaria, contain a watery fluid of a less

specific gravity than sea water. The protoplasm contracts in response to some

external stimulus {e.g., the violent movements of the water), some of the vacuoles are

biirst and the animal sinks ; after a storm, therefore, there are no Eadiolaria to be

found at the sui-face. They rise again later on, in consequence of the reappearance of

the vacuoles.

t Sometimes in one and the same central capsule two kinds of spores arise, larger

and smaller, macro- and micro-spores.
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give out free oxygen wliich is required by the liosts for respiratory

purposes (symbiosis).

The Radiolaria are exclusively marine; they are frequent m
the open sea, and live at very various depths, though chiefly near the

surface, where, especially in warmer zones, they occur in enormous

numbers and in a great variety of forms. Like the shells of the

pelagic Rhizopods, the silicious skeletons 'of the Radiolaria also sink

to the bottom, where they form the chief constituent of the extensive

deep sea deposits found in some regions.

V n

A small gi'oup of Protozoa, tlie Heliozoa is foimd in fresli water, rarely

in tlie sea. They differ from the Radiolaria in tlie absence of a central capsiile,

but in most other respects agree with this group. When a skeleton is

present, it is silicious (trellissed spheres or spines) ; the pseudopodia are radially

disposed. Of the freshwater forms, Actinosphxrium Eichhornii, which attains

the size of a pin's head, may be mentioned. The protoplasm is very vesicular,

and contains numerous nuclei. There is no silicious skeleton, but the

pseudopodia are supported by firm axial threads of organic material.

Class 2. Infusoria {CUiata).

The Infusoria possess a thin external layer (ectosarc) of a firmer

consistency than the rest of the protoplasm (endosarc), and in

consequence cannot protrude pseudopodia. The body, which is

usually round, oval, or somewhat more elongate, is, however.
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flexible to a certain extent, and may alter in form. The ectosarc
is absent from two spots on the surface; one of these serves
for the ingestion of food, and is termed the mouth, whilst
through the other, the anus, undigested material is ejected.
The two openings are usually situated at opposite extremities of the
body; the end where the mouth lies is termed anterior, the other
posterior. The mouth usually opens at the base of a funnel, which
IS often fairly deep, whilst the anus is only visible as a slit, when
excreta are ejected. The Infusoria are all provided with cilia,
which constitute the chief locomotor apparatus. In some forms they
are distributed over the whole surface, and are then often arranged
m longitudinal rows ; in others, some of the cilia are specially
developed as spines or hooks, or there may be one or several rows
of these between the other ciha; specially common is the presence
of a spiral row of powerful cilia, at the anterior end of the body,
by means of which the food is driven into the mouth. In others,

again, the whole covering, with the exception of this row, or this

row and one other, is completely lost."^ Hard skeletal structures
like those of the Gymnomyxa do not occur here; but some of the
Infusoria secrete round the body a gelatinous or membranous shell,

beaker-shaped or tubular, into which their protoplasm may be with-

drawn : the relation between the animal and its shell is the same as

that between a tubicolous worm and its tube. The shell is generally

attached to a foreign object, but it is carried about by some marine

Infusoria.

In the protoplasm there is a large macro nucleus, which
may be round, sausage-shaped, ribbon-like, or moniliform (Fig. 52),

and one or more smaller micronuclei; rarely there are several

macronuclei. Near the surface are the contractile vacuoles,
which excrete the water they contain through one or more fine

pores, and then take up a fresh supply from the protoplasm. In

the outer portion of the protoplasm there are frequently delicate

threads of a contractile substance, muscle fibrillae: fat

globules and pigment granules also occur in the endosarc.

The Infusoria reproduce by fission (Fig. 52), which usually

occurs at right angles to the long axis, and is thus transverse ; it

is preceded by a division of both macronucleus and micronucleus.

Whilst permanent conjugation is rarely met with here, a tem-

porary fusion of two individuals, which separate again later, occurs

very frequently. They are adherent over a limited area, and during

* In some Infusoria there are the so-caUed membranellse, vibrating, laminate

structures, each of which is regarded as a short row of fused cilia. The " undulating

membranes," long, vibratile ribbons attached by one edge, are also to be regiirded

as membranellse, which have arisen from long rows of cilia.
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(and after) tlie union, a series of chang-es occurs in the nucleus^

A\'itli a partial exoliange of nuclear material.*

The details of the process are as follows : the inacrouucleus becomes irregular,

breaks into several fragments, and is completely absorbed into the protoplasm.

At the same time, the microniicleus divides into sevei-al pieces (Fig. 51, 2),.

which with one exception, disappear (Fig. 51, 3), the remaining portion divides-

into two parts (Fig. 51 one of which migrates into the other animal (Fig. 51,

r<, 6), so that a mutual exchange of micronuclei occurs. The organisms then.

1 2 3 4 5 6

Fig. 51. Two Infusoria in various stages of conjugation. Diagrammatic, n-

micronucleus, N macronucleus. The micronucleus of the one individual is left clear, that

of the other, dark. See the text.—Orig.

separate. The two micronuclei, one of which is derived from each of the-

conjugates, fuse, and by the division of the nucleus thus formed, a new macro-

nucleus, and a new micronucleus arise.

The food of the Infusoria consists principally of unicellular plants-

and animals—Bacteria, Diatoms, Flagellata, other Infusoria, etc..

In many the food is brought to the mouth by ciliary currents, as-

described above ; in others, the edges of the mouth (which are often

supported by tiny rod-like structures) effect the prehension of prey.

The Infusoria are for the most part extremely active little organisms,,

.sAvimmirig by means of their covering of cilia, or by the contractions-

of the body : or gliding about over foreign bodies. Not a few are

temporarily or permanently fixed, and several of these form colonies-

by incomplete fission or budding. Both as regards individuals,

and species, they are abundantly represented in freshwater:
they congregate, principally about decaying plants or animals. A
proportionately smaller number occur in the sea; one division of

shell-bearing Infusoria is pelagic, its members swimming in the open

sea together with Radiolaria and jDelagic Rhizopods. Some live as.

parasites on the skin of fish or other aquatic animals ; and it is by
no means rare to find them in the alimentary canal of different

Vertebrata. When the ponds in which they live become dried up,,

great numbers in the encysted condition may be carried away by

* Conjugation usually occurs after the animals have been for "some time rapidly
increasing by division, and have exhausted the food supply. When there is a constant
and abundant supply of nutrition, conjugation does not take place, and fission con-
tinues ; the consequence of this, however, is the degeneration and finally the death of
the individual-
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winds, together with other dust, and thus they appear quickly
wherever it is possible for them to exist.

1. Of the innnmerable f r e s h - w a t e i- Infusoria, the following common forms
may be mentioned

: Paramcecium, body oval, covered with imiform rows of cilia
Stylonyclda, oval, with a series of cilia, anteriorly, leading to the mouth, and

^iff- •'52- Fig, 53.

Fig. 52. 1 An Infusorian {ParamcBcium). 2—4 The same in various stages of
division ; in 2 the mouth and contractile vacuole are re-duplicated ; in 3 the macro- and
micro- nuclei are much elongated and constricted, in 4 they have divided, cv contractile
vacuole, cv' newly-formed vacuole, o mouth, o' newly-formed month, N macro-, n micro-
nucleus.— After Biitschli.

Fig. 53. Vorticella; lower portion of the stalk not drawn, na food particles,

s stalk. Other letters as in Fig. 52.—After Biitschli.

with strong spiny or hook-like cilia ventrally ; Vorticella (Bell-animalcule),

a stalked Infusorian fui'nished with spirally arranged cilia at the anterior end, but

othei"wise naked ; mouth and anus situated in a common groove, anteriorly : at

the opposite end arises a stalk, thi-ough wliich rvms a muscidar thi-ead. By
means of the stalk, which is frequently very long, the animal attaches itself to

varioiis foreign bodies. The Yorticellse may sometimes break free from their

stalks, and become free-swimming.* Many form branched colonies.

2. Many species belonging to the genus Tintinnus, etc., and bearing very

beautiful chitinous shells, are sometimes found in gi-eat numbers in the
open sea.

3. As an example of parasitic Infusoria, Balantidium coli may be mentioned

;

it is always i^resent in the large intestine of the Pig, and more rarely in Man.

The body is egg-shaped, uniformly covered with cilia, but with a somewhat

stronger series near the mouth. Other Infusoria occur, e.g., in the paunch of

Ruminants, and in the large intestine of the Horse.

* The conjugation of the Vorticellids is interesting. It occurs between a larger

sessile individual or macrozoid, and a smaller free-swimming niicrozoid. The latter

attaches itself to the larger one, and conjiigation ocoiirs in the ordinary way ; after

the exchange of the niicronucleus, howevei-, the protoplasm of the niicrozoid is

absorbed into that of the macrozoid, and the empty cuticle of the former di-ops off.
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Under the term FJagellata is included a large miniber of diverse unicellular

animals, which are all characterised by the possession of a single powerful

flagellum. These organisms

A B Cdo not, however, constitute

a natiu-al division : some of

them seem to be most closely

allied to the Infusoria, and in

any case imdoubtedly belong

to the Animal Kingdom.
Others ai-e certainly vege-

table organisms, provided

with chlorophyll (cf. p. 81),

whilst yet others are of very

doubtful position. Among
the Flagellates possessing

animal characters may be

mentioned the M o n a -

d i n i d 86 , small organisms

provided with one or several

flagella at the antenor end,

occiUTing in vast niunbers

in decaying substances and
in the alimentary canal of

various animals ; some
species are invariably pre-

sent in the stomach of the Ruminants, the caecum of the Pig, the rectum of

Frogs and Toads ; whilst some have been found in the alimentary canal of Man.

Fig. 54. Various Monadidae. A Cercomonas
muscce (from the duodenum of the house-fly). B Bodo
ovatus, G Hexamita rostrata. c contractile vacuole,

n nucleus.—After Stein.

Class 3. Gregarinida.

The Gregarines wliicli are, without exception, parasitic, are, like

the Infusoria, unable to protrude pseudopodia, but are distinguished

from these, amongst other things, by the absence of cilia. The
unicellular body is usually, although not always, surrounded by a

definite coat : the protoplasm is usually divided into two layers,

the inner granular and the outer clearer, not, however, sharply

Fig. 55. Diagrammatic figure of a Gregarine. 1 a single individual, 2 two conjugating
individuals, 3 two such encysted, 4 the same, completely fused, 5 they have divided into
spores, 6 within the spores falciform young are formed, 7—9 a spore at various stages of
development strongly magnified.—Orig.
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separated. There is almost invariably only a single round nucleus.
The'Greg-ai'ines are mostly elongate ; in many the cell is divided into

an anterior smaller, and a posterior larger, section (the nucleus being
in the latter) separated by a thin septum ; in others, on the contrary,

the cell is quite simple. Sometimes at the anterior end, there is a

proboscis-like process which is often armed with hooks, and forms
an organ for attachment to the intestinal wall of the host. The

egarines move about within the host by contraction, expansion,

or flexure of the body, movements dependent on the streaming of the

protoplasm. Food is absorbed over the whole surface by endosmosis,

but no solid material is taken in.

Reproduction is very characteristic. It begins by the

rounding of the body and the secretion of a cyst ; sometimes the

actual firm wall of the cyst is surrounded by a gelatinous envelope.

This encystation is usually preceded by the conjugation of

two individuals, which come into connection without, however, fusing

at first ; true fusion only occurs after encysting. A single

individual may, however, also encyst. The contents of the cyst divide

into a varying number of smaller cells, spores, each of which

becomes surrounded with a separate coat. Lastly, the contents of each

spore divide to form a small number of most minute cells, usually of

elongate form, the falciform young (pseud onavicellge). These

are liberated by the bursting of the coat ; their further development

has not been followed, but it is probable that each develops into a

Gregarine. In this group, therefore, reproduction consists essentially

in a repeated division of the original cell, usually preceded by

conjugation.

The Gregarines occur as parasites in a large number of Metazoa

belonging to the most widely separated groups : Echinoderms,

Flatworms, Chgetopods, Arthropods, Molluscs, Vertebrates ; the

Myriapoda and Insecta may be mentioned as groups which are

specially liable to infection. They occur both in the various cavities

of the body {e.g., in the alimentary canal) and also in the tissues.

Of numerous forms recorded the following may be cited as

examples :

1. Porospora gigantea, very common in tlie alimentaiy canal of the Lobster,

a very long narrow Greganne, whicli attains tlie length (enormous for a

Protozoon) of 16 m/m.

2. Coccidium oviforme, small (-035 m/m. long), egg-shaped forms which

frequently occm- in the bile ducts of the Rabbit, occasionally in Man (where

they may cause fatal disease). Whilst young, the Coccidia are naked cells,

but later encyst. In this condition they resemble the eggs of certain

parasitic worms for which they have been sometimes mistaken. After encysting

they pass into the intestine with the bile, and thence escape with the excreta.

Development then proceeds to a fiu-ther stage: the contents of the cyst

divide into fom- spores, within each of which two falciform yoimg develop.

If such a spore-containing coccidian cyst is taken in by a i-abbit with its
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Fig. 56. Coccidium ovijorme, A—B encysted,

C—D formation of spores and falciform young.

—

After Leuckart.

are arranged in groups,

2

food, the cyst wall apparently dissolves and the yonng wander thi-ongh th«

bile ducts into the liver and there develoi? into Coccidia.

3. Embedded in the trans-

verse muscle fibres of many
Mammalia, e.g., very frequently

in the Pig, there occiu- small

bodies, the so-called Rainey's

or Miescher's corpuscles

(SarcocTfstis). They are cyKn-

di'ical or spindle-shaped bodies,

varying in length (up to several

m/m.), each enclosed in a single

muscle fibre. Eachissm-rounded

by a coat, and consists of a

protoplasmic mass containing

a large mmaber of small falciform young

each siuTOunded by a thin mem-
brane. Rainey's sacs are now usually

regarded as organisms allied to the

G-regaiines ; the groups of falciform

young are considered comparable to

the spores of a Gregarine. If tliis

compai-ison prove correct it woiild still

be a peculiarity of these organisms that

the formation of the spores and falci-

form young begins very early, before

the growth of ^ the sac is complete (the

falciform yoimg occun-ing even in

very small forms), and goes on quite

gradually, so that fresh portions of

protoplasm are constantly forming

spores and falciform yoimg. The
method of infection is unknown: they

do not usually appear to be very in- -m- , •

. . T J? ii T i 1 iJig. 57. 1 Eameyian sac m a muscle
jiuious

;
and so far they have not been fibre, 2 the tip of one highly magnified, 3

found in Man. various falciform young.—After Leuckart.

H



Sub-Kingdom II.

Metazoa.

Phylum 1. Coelentera.

The Coelentera are chiefly distinguislied by the extreme simplicity
of their structure, and by the slight degree of differentiation in their
organisation. They occupy a more primitive position than any other
Metazoa known.

Various types of Coelentera are met with. In the simplest
case, the body consists of a longer or shorter sac, one end of which

A B c

Fig. 58. Diagrammatic figures of the chief types of Coelentera. A the simplest form,

B medusa, 0 coral type, i endoderm, m mesoglasa, y ectoderm, n mouth, n' external

aperture of the stomadaeum of a coral polyp.—Orig.

is open, the other closed (Fig. 58 A) . The body-wall consists of an

external layer of cells, the ectoderm; within this a thin

sheath of structureless jelly, the mesoglsea, and most internally

another cellular layer, the endoderm, lining the cavity of the sac ;

the ectoderm and endoderm are continuous at the open end of

the tube, the mouth. It is evident, therefore, that such a

Coelenterate differs but little from a gastrula, the difference
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consisting in the presence of a gelatinous layer between the inner

and outer layers of cells, the two latter corresponding Avith the

hypoblast and epiblast of the gastrula. In addition to this, however,

as will be seen more fully later on, the cells of each layer are

not all similar as in the gastrula, but have been developed in

different ways, some as muscle cells, others as nerve cells, etc.

Allied to this simpler form, and capable of being derived from it

are other types of somewhat more complicated structure. Very

often (Fig. 58, £) the lower closed end of the sac is broadened out to

form a convex disc, so that the animal resembles an old-fashioned

candlestick. The discoid portion consists of the same layers as the

rest of the body ; the mesoglaea is, however, especially well developed

on the convex side, and the two laminae of the endoderm, which cover

respectively the upper and the lower walls of the cavity in this

portion, are fused in certain regions, so that instead of a flat simple

cavity there is a regular system of canals ; at the lines of fusion

the endoderm shrinks to a thin membrane. Whilst Coelentera of

the first and simplest type are usually sessile, those just described, the

medusoid forms, are generally free-swimming ; the disc is turned

upwards in swimming, the opening of the sac downwards.

A third type occurs in the coral polyps (Fig. 58, C)

.

Here the cavity of the sac is very wide, and its ujDper portion is

invaginated, so that the true mouth is situated at the base of the

turned in portion or stomodeeum.

The Coelentera are usually provided with soft appendages, the

tentacles, which are outgrowths or evaginations of the body-wall and

consist of the same layers
;
they are usually found near the mouth,

but in the medusEe are carried out on to the edge of the disc.

In the whole structure of the body, e.g., in the arrangement of the

appendages just mentioned, and in the distribution of the canals in

the disc of medusae, a more or less sharply marked radial
symmetry is evinced, such that the chief axis, about which the

radial structures are arranged, corresponds with the central axis of

the sac. The number of rays differs in the various Coelenterate

groups; most frequently the body is divided into four, or a multiple

of four rays, in others into six, or a multiple of six.

The ectoderm, which forms the outer covering of the body
(analogous with the epidermis of Metazoa), is a peculiar ejDithelial

layer, the cells of which are developed in very various ways.
Some are simple epithelial cells, either flat or cylindrical, and pro-

vided with one or more cilia; such cells are quite comparable with
the epidermal cells of other Metazoa, and on this account they are

termed true epidermal cells. Others, like these and occurring
among them, differ in that their inner ends are modified to

form contractile fibrils, so that their outer protoplasmic portions

perform the function of epithelial cells, their inner portions of muscle

H 2
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fibres; sucli c-olls, whicli only occur among Coelentera, are termed
epithelio -muscle cells* They may, however, lose their
close connection Avith the rest of the epithelium, and may li&
within this as simple muscle cells; then the non-contractil©
portion of the protoplasm, together with the nucleus, lies as in
the muscle cells of many other animals on one side (the outer) of
the contractile fibril. Further between the true epidermal cells, or

1

Fig. 59. Cells of a Coelenterate (Actinian). a epithelio-muscle ceU, h muscle cell,

c

—

d ganglion cells, e sensory cells, / nettle cell, g nematocyst with everted head.—Partly
after Hertwig, partly Orig.

between the epithelio-muscle cells, sensory cells may be present.

Each of these bears at its outer free end, a single delicate sensory-

hair, whilst its inner end is produced into one or several fine threads.

Between the inner ends of the other cells, or entirely below these,

lie certain cells which from their general appearance must be re-

garded as ganglion cells ; from each, several delicate fibrils run

out in various directions, and ramify among the similar fibrils

of the sensory cells. In the ectoderm, there are, moreover, a number
of nettle cells, each of which bears a fine hair at its outer end,

and encloses a so-called nematocyst, a tiny bladder-like structure,

containing a coiled thread, which under certain conditions, notably

if the animal is irritated, can be shot out with great force; within

the threads is an irritative fluid, which may cause a' burning sensation

in the skin of man, more powerful in some forms than in others,

whilst it paralyses or kills smaller animals. Lastly, there are

beaker-shaped cells which secrete the mucus with which these

forms are so often covered (gland cells). It must be noticed,

further, that the cells which have been described as constituting

the ectoderm, are not uniformly distributed over the whole bod}^

but on the contrary, occur very unequally in different regions;

* Quite recently it has been stated that epithelio-muscle cells occui- also in

Echinoderma and some Chffitopoda.
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.some portions being mucli riclier in muscle cells, ganglion cells,

etc., than others. It may also be mentioned liere that, in some

Coelentera, part of the body is surrounded by a cuticle, secreted

by the ectoderm ;
further, certain portions of the ectoderm may be

modified to form simple optic or auditory organs.

The endoderm, corresponding with the epithelium lining the

.alimentary canal of other Metazoa, and originating from the

endoderm of the gastrula, is, structurally, very like the ectoderm,

since besides simple epithelial cells, epithelio-muscle cells, muscle

cells, sensory cells, ganglion cells, thread cells, and gland cells may

also be present. As regards details, e.g., the form of the cells, the

differences between the two layers are by no means insignificant."^

The m e s o g 1 86 a in some forms is a thin structureless sheath

without cells. In others it is better developed, and cells from the

ectoderm and endoderm migrate into it, so that it becomes like a

•connective tissue. Occasionally, in the Ctenophora, some of the

cells which have wandered in, develop into muscle and ganglion

•cells. In the mesoglgea of some Coelentera hard structures may
-develop, but these will be described later.

Ova and spermatozoa develop in the ectoderm in some

-cases, in the endoderm in others, arising as the modification of

the ordinary cells of the layer. In general they are developed

in definite regions of the body, which may then be termed, by

analogy, ovaries and testes, but in some forms they are irregularly

distributed.

Prom the foregoing description it will be seen that there is

extraordinary simplicity of structure among the Coelentera. For

the most part the animal consists throughout life of the two layers of

the gastrula, the only further development being the various

modifications of the constituent cells. An actual mesoblast, arising

in other Metazoa as a special mass or masses of cells from which

large portions of the body are developed, is absent. The muscle

•elements and the sexual cells (ova and spermatozoa), which are

elsewhere formed from the mesoblast, develop here from the ectoderm

and endoderm. For the most j)art it is almost impossible to speak of

organs as in other Metazoa; in any case there is very little

specialisation. Thus, a central nervous system which, even in very

.simple Metazoa, is usually well-developed, can hardly be distinguished;

at most, the ganglion cells are more closely collected in some places

than in others. Excretory, vascular, and respiratory organs there

are none ; and a body-cavity is never developed.

* In the inner layer of various Coelentera (Ai-tinia, Medusas, Hydroids), gi-eat

numbers of green or yellow cells are frequently found, each surrounded by
a definite cellulose cell-wall. These were formerly regarded as a part of the
animal, but as a matter of fact they arc unicelhdar plants (Alg-a?), which have
taken up their abode within the organism (c/. Eadiolaria).
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On the other hand, reproduction is often fairly complex.
A metamorphosis is very general, the animal leaving the egg as
a very simple organism, ciliated and free-swimming, but without
tentacles; whilst later, usually after it has become sessile, it is

modified to a greater or less extent. Moreover, asexual repro-
duction by fission or budding often attains considerable importance

;

and colonies are frequently formed. In many species a regular
a 1 1 e r n a t i o n of ge n e r a t i o n s occurs.

The Goelentera are almost all marine, only quite a few inhabit
fresh water. Their nettle cells enable them to prey upon even
relatively large and powerful animals, which are digested by the
endoderm cells of the gastric cavity, the indigestible portions being
thrown out through the mouth.

Class 1. Hydrozoa.

This group is characterised by the general occurrence of an
alternation of generations, and by the great dis-
similarity of the sexual and asexual generations.

The asexual generation (the polypoid individuals), presents

the simplest ca3lenterate form, which consists of a simple sac with the

mouth at one end and the body-wall of the usual layers (c/. Fig. 58, A)

;

at the upper end of the animal there is a varying number of

tentacles, which are usually arranged some little distance from
the centre of the disc. The polyps are usually attached (often

immovably) by their free ends to some foreign object. Most of them
form colonies by buddnig.

The sexual generation, the medusoid individuals, are

characterised by the broadening out of that portion of the body

which corresponds to the lower end of the polyp, to form a circular

convex disc, the umbrella (c/. Fig. 58, B) in which the middle

layer is specially well-developed on the convex side ; radial processes

of the alimentary canal extend into the disc as the radial canals,
the ends of which are generally united by a ring canal running

round the umbrella close to its edge. The medusa is ty|Dically free-

swimming (for exceptions see the Hydromeduste and Siphonophora) with

the disc turned upwards ; from the centre of the umbrella depends a

tubular portion corresponding to the upper extremity of the polyp,

and forming a longer or shorter m a n u b r i u m perforated by the

mouth. From the edge of the bell hang contractile marginal tenta-

cles which are richly supplied with nettle cells
;
simple auditory

and optic organs are present on the margin, and below the

epidermis (at any rate, in the Hydromeduste), numerous nerve cells

are distributed all round the disc, forming a nerve ring Avith

their processes. On the concave loAver side, there is a layer of
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circular muscle fibres, often tranversely striped, wliicli make

the umbrella extremely concave when they contract, and thus move

the whole animal. As a rule, the medusae are of separate
sexes; the formation of ova and spermatozoa will be considered

in the individual orders.

A ciliated larva develops from the fertilised egg, fixes itself, and

develops tentacles; polyps which have originated in this way may
form colonies, but some remain solitary. The medusoid form arises

again as a bud from the polyp, or by its transverse fission. More

rarely the egg of the medusa develops direct into a new medusa,

in which case the polypoid foi"m (and with it, alternation of generations)

does not occur.

In structure, the Hydrozoa generally display a markedly radial

symmetry ; the number of rays is usually four or some multiple of

four, more rarely six.

Order 1. HydromeduSSB. (Craspedota)

.

The polyp generation consists of hydroids, which usually form

colonies, but are occasionally solitary. The tubular, often extremely

elongated, body of the polyp is almost always surrounded by a

cuticle, which forms a chitinous case, usually thin, more rarely

thick and calcified. This does not surround the whole body ; a

portion of the upper part remains uncovered. Sometimes the tube

has a cup-shaped expansion above, into which the naked, broader,,

tentacle-bearing portion of the polyp can be withdrawn. The
tentacles are arranged in one or more circles below the mouth,

or more irregularly at the upper end of the animal (Fig. 60.)

They are not generally hollow as in Corals, but possess a solid

axis formed of a single row of endoderm cells; outside this there

is a continuation of mesogtea, and most externally ectoderm with

abundant nettle cells. The colonies formed by the polyps are

generally small compared with those of the corals (c/. below), of

which the solitary individuals are similarly very much larger.

Sometimes the colonies are formed on a definite system of branch-

ing : the polyp developed from the egg continually increases in

length, whilst at the same time it forms lateral buds, of which the

oldest are at the base; these develop into new individuals (lateral

polyps), which again branch in the same way as the main stem. In

other cases the growth of the first polyp ceases; only one or two
lateral branches arise from it, each of which stops growing after

forming one or two buds (c/. the cymose branch-system of plants).

The lower end of the colony is provided with hollow, root-like

outgrowths of the body-wall, covered by the cuticle; by means
of these stolons, which are sometimes connected to form a
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Tietwork, occasionally giving rise to several stems, the colonies may
be closely attached to the substratum.

On accoiint of the feeble skeleton (cuticle) the colonies are
frequently supported by various bodies occurring in the water
winding round or creeping over them.

Very frequently the polyps of one colony are not all alike; for
instance, those persons which bear the medusa-buds are often
somewhat different from the rest, having smaller tentacles or none

at all, or even jDossessing no mouth: in this case the cuticle

covers the whole body, and certain individuals (nutritive polyps),

which do not produce such buds, perform the function of nutrition

for the whole colony.

In some Hydroids tliere is yet a third kind of indi\ndiial. thin, mouthless,

and very sliort, and beai'ing tentacles provided with a great number of thread-
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cells. If the colony be distiu-becl, these individuals roll themselves up in a sjiiral

fashion and then uncoil again. The tentacles ai'e absent from others, which

seem then to fmiction only as the tactile apparatus, whilst in the former case

they may perhaps be regai'ded as defensive polyps (dactylozooids),

The m e cl u s o i d generation formed by b u d d i n g from the

polypoid generation, usually attains only a small size in this Order.

Round the edge of the disc runs a thin collar-like, horizontal inturned

ledge, the vehtm, which narrows the opening of the bell (hence

the name Craspedota) .'^ The edge of the umbrella is entire and
bears the naked sense organs, either auditory or optic (I'arely

l<ig. 61 Various forms of the sexual generation of Hydromednsoids. Dia-
grammatic longitulmal sections. A free living medusa. B sessile, relatively little modified
medusa. C—D more modified forms. E—F the most degenerate form. E without umbrella.
^

a simple knoh-like outgrowth from the polyij, g sexual cells, m mouth, r radial canal,
t tentacle, v velum.—Orig.

There is usually a small number of

in the umbrella, connected by a

both in the same individual),

simple radial canals (4—8)
marginal ring canal. Ova and spermatozoa develop in these
canals, or on the outer wall of the inanubrium; they arise in some
forms from the ectoderm, in others from the endoderm; in
some species, the ova appear in the endoderm, the spermatozoa in
the ectoderm, or vice versa.

* Kpao-TreSov, a border.
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The sexual generation, however, is by no means invariably so
well developed. In very many Hydromedusae, the medusoid buds,
do not separate from the hydroids, but remain firmly attached-
Such sessile medusae (Fig. 61) remain in a more or less

incomplete condition ; in some cases, an umbrella with marginal
tentacles develops, but the tentacles are small ; in others, the latter

are altogether absent, although the umbrella is well developed;
in others, again, the umbrella itself is degenerate ; and lastly, it also

is Avanting, so that the medusa consists simply of a mouthless
manubrium with, in the most degenerate forms, no cavity (Fig. 61, i'';

Hydra). Without knowledge of the various transitional stages,

these small medusoid buds, which are never more than incipient,

would be regarded simply as organs of the polyp. The medusoid
bud, like the free-swimming medusa, always contains the sexual

cells, ova or spermatozoa, and new polyps or colonies arise from

these.

In the Hydi-omedusse an alternation of generations as just described, generally

occiu's ; tliere are, however, not a few exceptions. In vai-ious forms the ova do

not develop into polyps, but give rise directly to medusae ; fi-om these a bydi-oid

generation is altogether absent. Other deviations from the typical mode of

reproduction may be noticed, sucli, for instance, as the occmTence, in some forms,

of an asexiial mnltiplication of the medusae, which produce other medusai hke

themselves, as buds from the manubrium or the mai'gin of the disc. These

species also possess a hydi'oid generation, and the medusa? formed by budding

propagate sexually.

The majority of HydromedusEe are marine, numerous examples

occurring in the northern seas. A considerable number both of

hydriform and medusiform persons are phosphorescent. Quite a

few, of which the genus Hydra is the best known, occur in fresh

water.

1. Of the marine forms the Milleporidse desen^e special consideration.

It has been mentioned aboA^e that stolons, sm-roimded by a continuation of the

chitinoiis covering of the polyp, usually arise from the lower end of the hydi-oid

stock, and often anastomose to form networks. These are sometimes of considerable

extent, and gives rise to a large number of small polypoid stocks or isolated

polyps. In the genus Millepora and allied forms the chitinous case is

calcified, and since new stolons are constantly being formed above the older

ones, the soft parts of which die away, these animals build regtdar coral-like

colonies, sometimes of considerable size. The outer layer is made up of

living stolons, from wliich the polyps arise, whilst the inner portion of the coral

consists of the calcified waUs of dead stolons. The Milleporida?, which occm-

exclusively in warm seas, play a not imimportant pai-t in the foi-mation of coi-al

reefs.

2. The Fresh -water Polyp (Hydra), a small, elongate, soUtaiy foi-m,

without a chitinous cuticle; round the mouth, is a circlet of long tentacles

(4—10), which, like the Avhole body, contract Adgorously when irritated. The

animal often remains for a longtime in one place, e.g., with the lower end attached

just below the surface of the water ; but it is able to crawl about hke a leech,

if an animalcule comesin to the vicinity of an attached Hydi-a. it is seized by the

tentacles, paralysed by the nettle-cells, and conveyed to the mouth. Hydi-a has
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the power of budding, but never forms a colony, since the new individuals soon

separate from the parent. The medusoid generation is represented by wai-t-like

ovitgro-^vths from the body-wall in which ova or spermatozoa develop. Hydi-a

is noted for its enormous power of regeneration; an individual may be cut

into several pieces, each of which can develop into a complete animal.

Order 2. Siphonophora.

The Siplionophora are closely allied to tlie Hydromedus^^

differing from them, primarily, in that the colonies are free-swimming.

The colonies correspond with those of the Hydroids, and like them

consist of variously modiiied polyps. Further, they also bear

medusEe or medusa-buds, which again may develop in various

ways. These diverse individuals are borne upon a common stem

(hydrosoma), which is usually either a long tube or a flat disc ; at

the upper end it is furnished with an air sac (pneumatocyst), or

if it is discoid, it encloses several small air spaces, which enable

the colony to float. The hydrosoma is to be regarded either as a

much elongated, or a much flattened polyp ; of which the air sacs

are invaginations, each communicating by a fine aperture with the

exterior.

The polypoid generation occurs in the following principal

forms :—1 . Nutritive persons (gastrozooids) , saccular polyps,

with a mouth, and with only a single tentacle"^ arising close to its base ;:

which, however, attains a considerable length, and is provided with

lateral branches and numerous " batteries " of nettle cells ; this

tentacle may be absent. The gastrozooids of the same stock may
sometimes vary considerably in size. 2. Feelers (hydrocysts)

,

with tentacles like the gastrozooids, but without a mouth.

3. Tentacle-like persons (dactylozooids), which arise

independently from the stem, and must not be confused ^vith

tentacles; they have no mouth and are furnished with nettle

cells.t

The medusoid generation arises either from the hydrosoma
of the colony at the base of the hydrocysts, or of the gastrozooids;

it appears in the following forms : (1) Fertile medusae (gono-

zooids), or medusoid buds with sexual cells, corresponding exactly

to the medusoid generation of the Hydromedusae ; if the medusae are

set free—a rare occurrence among the Siphonophora—they look

exactly like the free Medusa3 of the Hydromeduste (they are provided
with a velum, etc.) ; as a rule however, they remain in situ

throughout life, and then resemble the sessile medusae of the

* In certain Hydroids also each polyp possesses only a single tentacle.

t SiTch tentacle-like individuals occur at the margin of the discoid stem in the
genus Porpita (Fig. G3).
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latter. (2) Swinnuing- bells fnectocalyces), sessile and sterile
medusa, without mauubrium or mouth, but with well-developed
umbrella and velum, by tlie contractions of which tlie colony moves
about. (3) Covering- pieces (hydrophyllia), like the necto-
calyces, but with the umbrella reduced to a stiff plate; they serve
as coverings for other individuals.

Fig. 62.
Fig. G.3.

Fig. 62. Diagram of a Siphonophoran with
an elongated hydrosoina (Physophora) : the
digestive cavities are drawn black.—Orig.

Fig. 63. Diagram of a Siphonophoran with
a disc-like hydrosoma (Porpita).—Orig.

General lettering : d covering piece. / ten-

tacle, I air sac, «?/ fertile Medusa;, K large

Gastrozooid, ?i, small ditto, p disc with small

air cavities, .s swimming bell, ^rr feeler, te

tetitacle-like person.

A colony of the Siphonophora consists of these individuals, but

they are not always all present ; the swimming bells may for instance

be absent, in Avhich case the colony drifts passively; the covering

pieces may also be wanting; the number and arrangement of the

individuals, and consequently the form of the colony, is extremely

varied.

The Siphonophora are true pelagic animals, are almost ex-

clusively limited to tropical and warm seas {e.g., frequent in the

Mediterranean)

.

As examples may be mentioned : Phyaophora and its allies (Fig. 02), Avith

long liydi'osoma, terminating in a small i^iieumatopliore, and witli nmneroxis

nectocalyces on the upper part of tlie stem
;
Physalia with huge pneiunatocyst

and bearing gastrozooids and hydrocysts (with long tentacles), without hydix)-

phyllia or nectocalyces
;

Porpita (Fig. 63) with disc-like circulai- hydrosoma
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enclosing numerous pneumatocysts, and bearing tlie various individuals on

tlie underside (a large gastrozooid centrally, dactylozooids at tlie edge, no

nectocalyces or liytb-ophyllia) ; Velella like the previous forms, but tlie disc ia.

elliptical w-itli an upright keel. All met with in the Mediterranean.

Order 3. Acalepha {Sci/pJioi)iedtis(B, Acraspeda).

The medusoid generation is usually represented by transparent

animals of fair size. Tlie edge of tlie moutli is prolonged into four

oral tentacles with which the prey is caught. Similar processes,,

but as a rule less well developed, may occur in the Hydromedusae..

The canal in the manubrium ^^^dens out in the umbrella to form the

gastric cavity, which may extend into a number of large radial out-

growths (gastric pouches) : and the radial canals, often branched, also-

arise from it. It contains a number of tentacular threads, the gastral

filaments, which are absent from the Hydromedusae ; also the gonads,

ovaries and testes, usually in the form of four folded bands;.

Fig. 64. Section through a Scyphomedusa passing between two oral tentacles, d hood'

coTering one of the tentaculocysts, h, sub-genital pit, tn mouth, o ovary, r tentaculocyst,^

rk radial canal, t gastric portion of enteric cavity, t' radial portion of ditto, te gastral

filament.—Orig.

beneath each of these, on the under side of the umbrella, there is a

cavity separated from the enteric cavity by a thin septum (/i Fig. 64) ;.

this is pushed out when the genitalia are well-developed, so that

they appear to depend from the oral side of the umbrella. The
ova and spermatozoa which usually occur in different individuals,

fall into the enteric-cavity, and escape through the mouth.

The cells from which they originate, are endodermal. The
umbrella in which the mesogltea attains a considerable thickness,

has eight notches in its margin ; in each notch, covered by
a lappet of the umbrella, there is a small round marginal body
which bears an auditory, often also an optic organ. Along
the edge of the umbrella, there is often a considerable number
of marginal tentacles, usually of a considerable length ; a velum,

on the other hand, is wanting. The ova of Atirelia develop, as.
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far as the larval stage, in saccular evaginations of tlie oral arms
of the parent; others pass through the early stages in similar
outgrowths of the radial canals.

The polypoid generation. When the ciliated larva,
developed from the egg, leaves the parent, it attaches itself to some
foreign body, and grows into a small polyp with a circlet of tentacles.

Fig. 65. The development of Aurelia. 1 free larva. 2 the polyp, a short

fcime after attachment. 3 the same somewhat later. 4 transverse fission. 5 later stage.

€ the polyp after the separation of a number of young MedusiB. 7—9 the young Medusffi

at various stages of development. 7—8 viewed from below. 9 from the side.—After

M. Sars.

Like Hydra, this polyp may form buds, which separate off and

develop into adults like the parent, but no true colony is formed. The

polyp, which is at first relatively short, gradually grows to a con-

siderable length, becoming cylindrical, with a conical base. Next,

a number of annular constrictions appear, dividing the main portion

of the body into a series of discs, which separate from each other,

and, breaking away from the polyp, form small Medusa. In

exceptional cases the polyp generation is absent, the medusa-egg

developing direct into a new medusa.
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The Acalepha, several of which are phosiDhorescent, occur only

an the sea. The following may be cited as examples :

—

1. The Oomrnon Jelly-fisli (Aurelia aurita), with disc only slightly convex,

hearing at its margin numerous short tentacles; the marginal bodies include

both aiiditory and optic organs (tentaculocyst). The enteric cavity is produced

into foiu- short radial sacs, containing the four gonads, each shaped like the edge

of a human ear. The mouth is provided with fotu- large oral tentacles. Like

its allies, this animal contains a large amount of water (95—96 per cent,

water, 4—5 per cent, dry substance). Yery abundant in N". Em-opean seas.

2. Cyanea capillata, a large and beautiful medusa, which is specially

characterised by the arrangement of the extraordinarily long marginal tenta-

cles in eight groups, on the under surface of the much lobed disc. The
nematocysts cause an intensely biu-ning sensation in thin-skinned portions of

the himian body. Commonly foimd with Am-elia.

Class 2. Anthozoa.

The body is cylindrical, and contains a large internal digestive
cavity, into which the upper region of the body-wall is invagi-

nated to form the stomodseum, as

already explained. The external

.opening of the stomodaeum is

usually termed the mouth, but it

must be remembered that the

true mouth, the entrance into the

digestive cavity (homologous, Avith

the mouth of a medusa) is

situated at the lower end of the

stomadseum. The former may be
termed the external mouth,
the latter, the internal mouth.
Within the enteric cavity there are

perpendicular radial mesenteries,

reaching from the stomodseum to

the body-wall above,''^ whilst below,

the inner edge is free (something

like the dissepiments of a poppy-
head). The number of mesen-
teries varies (8, 12, etc.). At the

upper end of the animal there

is a circle of tentacles (in

exceptional cases several circles)

the number corresponding with that

Fig. 66. Longitudinal section through
a solitary Anthozoon, diagrammatio ; the
section passes through a mesentery on the
right side, but between two on the left.

i endoderm, mi mesoglsea, y ectoderm,
m internal, m' external mouth, s stomo-
dseum, t tentacle.—Orig.

* In most Actinia, which possess a large number of mesenteries, only some
reach from the body-waU to the stomodteum, in the others, the inner border is free
tor its whole length.
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of tlie mesenteries. These tentacles are hollow evaginations of the-
body-wall and correspond in position with the spaces between the
mesenteries; they are richly provided with nematocysts. The some-
what discoid expanse within the circle, in the centre of which is the
mouth, is termed the oral disc, the lower flattened extremity of
the body the pedal disc.

Each mesentery is a fold of endoderm, covering a lamina of
mesog-laea, which arises from the mesoglsea of the body-wall
{8ee Fig. 67). Along the inner edge are cord-like thickenings^

much coiled and provided with
nettle and gland-cells; these

are termed mesenterial
filaments; they play an
all-important part in digestion

;

which, indeed, is probably

effected by them alone.* The
ova and spermatozoa
develop in the mesenteries

by the modification of endo-

dermal cells; the part of a

mesentery in which they occur

is thickened, and may be termed
ovai'y or testis. The Anthozoa are usually of separate sexes,
only in exceptional cases hermaphrodite. They generally develop

hard parts, which will be considered under the different

orders.

The Anthozoa, like other Ccelentera, exhibit a radial symmetry, which is,

however, rarely completely earned out. In transverse section, the stomodaeimi

is almost always oval, the exteraal mouth slit-hke, and thus a median plane
is defined. Each end of the oval corresponds with a tentacle

;
moreover, the

muscles in the mesenteries usually form a thickening on the one side only

;

the thickenings may occm- on either side, but are always aiTanged sym-
metrically with regard to the median plane noticed above (see Fig. 67,

which shows the arrangement in an Alcyonarian).

In many of the Zoantharia (at all events, in most of the Actinians), the

stomodseum is fm-nished with two thickly-ciliated grooves, con-esponding -with

the two ends of the oval; when the stomodseum is elsewhere pressed together

these two gi-ooves remain open, and probably serve to maintain the cim-ent of

water necessary for respiration. In many of the A Icy on aria there is a

similar groove, characterised by deep epithelium and long cilia at one side only

;

the ciliary cmTent here sets from without inwards, in other regions of the

stomodseum in the opposite direction.

In most corals asexual reproduction occurs by budding
or fission. The young animals thus formed separate from the

* From the lower end of the mesenteries in some Actinia, there arise peculiar free

threads, similar in structure to the filaments and very rich in thread cells
;
they

may be shot out through the body-wall, and serve for attack or dofouce (acontia).

A B

Fig. 67. Transverse sections of an Al-
cyonarian. Diagrammatic. A through the
stomodfeum. B lower down, s storaodasum,
h gastric cavity, mu muscle. The ectoderm
is represented by an entire Hne ; the endoderm
dotted ; the mesoglfea shaded.— Alter v.

Koch.
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parent only in exceptional cases; as a rule they remain connected

and thus colonies arise. These usually consist of a great number

of individuals, and frequently attain a very considerable size. An
alternation of generations occurs but rarely, since the same indivi-

dual can reproduce both sexually and asexually.

The Anthozoon leaves the egg as a larva without tentacles,

swimming about by means of cilia. Later it attaches itself and

attains the adult form. Only a few {e.g., the Actinians) retain

a capacity for locomotion throughout life, and even then to a very

limited extent.

The Anthozoa, all of which are marine, are predaceous animals.

By means of their tentacles they seize their prey, paralyse it, and pass

it through the stomod^um into the digestive cavity. When
undisturbed, they remain with their tentacles quietly extended; if

irritated, the tentacles and all the soft portions of the body are

instantly contracted.

Order 1. Alcyonaria {Odactinia).

The members of this group possess only eight mesenteries, and

corresponding with these, eight branched pinnate tentacles.

In the mesoglsea there is a number of almost microscopic calcareous

spicules. These are provided with knobs or sharp points,

are of various colours, and are less numerous in the upper than in the

lower region of the body, so that the former can be retracted into the

lower firmer portion. The spicules, which are for the most part not

very closely connected, arise in cells which have wandered in from
the ectoderm.

Only a very few species are solitary; most of them form
colonies. Occasionally the individuals of a colony are united by
thin stolons containing canals which are in communication with the

gastric cavities. More often, the lower, harder portions of the polyps are

united by large connecting regions (coenenchyme), consisting chiefly

of mesoglaea, which may be perforated by numerous canals. These
canals are lined with endoderm, and put the individuals of the

colony in communication with each other (for the connection

of individuals in the Organ-pipe Coral, see below). The external

form of the colony is very varied ; not infrequently it is

arboriform ; and then there is usually an axial skeleton
in the stem and branches, formed in the Eed Coral by the fusion of

innumerable calcareous spicules, and consequently situated in the

mesoglsea. The axial skeleton of the Gorgonidse is quite different in

structure : the young colony secretes a horny mass on its pedal
surface: between it and the foreign body to which it is attached,

I
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this becomes gradually more convex, grooving up with the colony;
it is secreted by the ectoderm and is a true cuticular structure
(c/. Fig. 68 C). The axial skeleton of Ms which is to a great extent
calcified, is similar in its relations.

Fig. 68. Sections through young colonies of various Alcyonaria (diagrammatic). The
layers of the body indicated as in Fig. 67. A simplest moHe of communication between
the individuals. B young colony of Alcyonium. C ditto of a Gorgonian axial skeleton,
figured black.—After v. Koch.

It is of interest to notice the constant presence, in various Alcyo-
narians, of arrested individuals (siphonozooids) amongst the normal
persons (autozooids) . In the most extreme cases, they have no
tentacles and differ in other respects from autozooids; in other

cases the difference is less pronounced. Their chief function appears

to be the reception and ejection of water, and is thus respiratory.

They are very common among the Pennatulids, but are also

found in Alcyonium and Corallium ruhrum, although not in the

Gorgonidse.

Of the forms belonging to this group, the following may be
mentioned

:

1. Dead Men's Fingers {Alcyonium digitatmn) form yellow or wliitisli

leathery colonies of an iiTegvilar bvilky sHape, witli short thick branches. The
gastric-cavities are continued back from the free, upper, soft portions of the

individuals, as slightly sinuous tubes reaching far down into the stem, and
are connected by fine canals. No axial skeleton. Common on English

coasts.

2. Organ-pipe Coral (Tubipora) forms massive colonies, consisting of

long tubular zooids, arranged almost parallel to one another ; the indi\-iduals

of the colony are not connected by coenenchyme, but by transverse platforms,

containing a network of tubes communicating with the gastric cavities. In

each individual the spictdes (with the exception of those in the upper soft poi-tions

of the body) are luiited to form a hard tubular mass : in the transverse platforms

they are fused into calcareous plates connected vnth the tubes. In the Indian

and Pacific Oceans.

3. The Gorgonidae (genus Gorgonia and others) form ai-boriform colonies

with hard, dark, .homy axes both in the main stem and branches ; the rest of

the colony covering the homy axis is tei'med the '' cortex," contains numerous

spicules, and may be perforated by canals. On the surface of the di-ied colony
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may be seen small pits, in whicli the free, soft portions of the individuals Avere

situated. In some forms (Bhipidigorgia) the branches of the colony all lie in

the same plane and pai-tially coalesce, so as to constitute a perforated plate.

Chiefly in wai-mer seas, some species in the Mediterranean. Isis approaches

the G-orgonidse, but the axis consists of a series of calcareous joints limited

by homy transverse septa, One species in the Mediterranean.

-1. The Precious Coral (Corallium rubrum). Branching colonies, with

hard, calcai'eous axis. Both axis and cortex are of a beautiful red coloiu-, the

free portions of the individuals are white. In the Mediterranean.

5. Sea-feathers (genus Pennatula and others). The colonies consist of a

lower naked stalk and an iipper, broader, often feather-like region, from which

the individuals project. Within the axis of the colony there is a calcareous

imbranched rod. They are found at the bottom of the sea, with the stalk

sticking into the ground, and if disturbed, they bore their way deep down.

The phosphorescent, red, feather-like Pennatula phospJiorea occurs in the

ISToi-th Sea.

Order 2. Zoantharia {Folyactinia).

The number of mesenteries is eitlier a multiple of six, or a

large indefinite number. The tentacles^ which are simple^ almost

always correspond in number with the mesenteries, and in most forms,

as in the Alcyonarians, there is a skeleton which is, however, very

diiferent in character. It is limited exclusively to the lower region

of the body, and consists of a continuous, very porous or thick

mass of calcium carbonate, whilst the upper portion is entirely

without skeletal structures. The skeleton corresponds closely with

the general form of the animal, and usually consists of the

following parts: a discoid basal-plate, bearing a tubular

theca and a number—12, 24, 48—of radial septa which are

fused with the theca and basal-plate, and often with each othei-

also.

From this description it might be supposed that the theca represented a
calcification occmTing in the outer body-wall ; the septa, similar hardenings in
the mesenteries and the basal plate in the lower discoid poi-tion of the animal.
As a matter of fact, however, this is not the case. In the first place, it mvist be
noticed that the skeleton is not developed in the mesoglsea as was formerly
believed, but is an external secretion of the ectoderm. As soon as the
tiny free-swimming laiwa settles, it secretes, upon its attached siu-face, a
thin calcareous disc, which becomes, later, the basal-plate. Next, the
septa appear upon this plate, gradually gi-owing taUer and more plate-like,
until, covered by the soft tissues of the pedal disc, they project into the
gastric cavity, between the twelve soft mesenteries which have already
been formed. A fm-ther secretion from the attached siu-face now appears,
as a ring-like ridge upon the basal plate, the beginning of the theca; the ridge
gi-ows into a tall cylinder, covered like the septa by a fold of the basal disc, and
also projecting into the coelenteron ; it lies some little distance within the soft
body-wall. Other septa may develop later between those of the original set, and
these again have nothing to do with the mesenteries. It may also be remarked
that, in some Corals, the basal-plate may project up on to the lateral wall of the

I 2
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animal (as in Fig. 69 A), so as to I'onu a cylindi-ical calcareous deposit

external to the body-wall (and of coiu-se exteraal to the theca) ; this is the
e p i t h e c a . The skeleton is thus a purely external, c u t i c u 1 ii i-

structure, secreted by the ectoderm.

A B

Fig. 69. A diagrammatic longitudinal section of a Madrej orarian which has only just

attached itself, passing between two septa. B transverse section of the lower end of the

same. For the sake of simplicity, only 6 septa and 6 mesenteries are drawn, instead of 12.

i eiidoderm, m internal mouth, m' external mouth, mi mesoglaea, sA- mesentery ; at septum,
t tentacle, y ectoderm. The skeleton is drawn black.— Orig.

Between the septa in the lower portion of the animal, small, calcai-eous

transverse beams or platforms often develop, passing from one septum to another

(synapticulse). In the lower region, the septa often fuse in the middle, and

from the point of fusion there usually arises one or more vei-tical columellae.
All the septa are not eqiially well-developed ; those last formed do not reach so

far in as the older ones, with which they alternate regularly. In propoi-tion as the

animal grows in height, the lower portions of the septa and the theca thicken so

that the lower part of the skeleton becomes more solid and compact than the

upj)er. In older animals the soft parts withdraw from the lower portions,

leaving this region of the skeleton naked.

The majority of Zoantharia,

especially those> which are fur-

nished with a skeleton, form

colonies by budding or by

longitvidinal fission ; the colonies

usually consist of a great num-

ber of individuals. In budding,

a lateral evagination arises from

the body-wall and gTadually

develops into a ncAv individual

;

lonp-itudinal fission occurs by

the formation of a new mouth

on the oral disc, the latter

becoming oval, and finally divid-

ing to form two {see Fig. 70),

whilst a corresponding division

of the whole animal occurs.

Just as in the Alcyonaria, tlic

Fig. 70. Portion of a m a s s i v e M a d r o -

p o r a r i a n ; two individuals (one ou tho right

above, one centrally) in the act of dividiug

longitudinally.—After Dana.
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Fig. 71. Portion of an arbor-
escent Madreporarian,
which increases by budcling.

—

After L. Affassiz.

tlie sides of wliich

this arrangement
J

the

the

gastric cavities are connected by a system of fine canals. The

outer foi'm of the colony corresponds with that of the skeleton,

and is very varied. Some forms are

arborescent, others massive, the individuals

situated close together like the cells of

honeycomb ; the upper portions into which

the skeleton does not extend are for the

most part independent, whilst the portions

surrounded by the skeleton are fused

with the neighbouring individuals, either

throughout their Avhole length or in the

lower region only. Sometimes, but this

is only exceptionally the case, the con-

nection between adjacent polyps is still

more intimate ; the oral openings are

indeed separated, but the gastric cavities

communicate freely, and in the dry skeleton,

each individual is not, as in other cases,

indicated by a star separated from others

by its theca; but a whole row of in-

dividuals is indicated by a groove, from

septa project : in correspondence with

tentacles are not situated in circles round

the mouths, but in a double row along the

groove (Fig. 72).

Only in somewliat rare instances, do tlie new in-

dividuals, formed by budding or fission, separate
off fi'om tlie parent. This happens, for instance,

in tbe Actinia without skeletons, in which budding

as well as fission, both transverse and longitudinal,

may occm-. In some forms with a calcareous

skeleton, the buds or individuals formed by fission

may, in rare cases, separate, taking with them a

portion of the calcareoiis skeleton. The Mush-
room Coral (Fungia), a solitary form, which
lies freely on the bottom of the sea, and attains

a considerable size, develops in this way by
the transverse fission of a small attached solitary coral (or from a colony
consisting of quite a few individuals). After fission, the individuals separate
and undergo further gi'owth.

Coral reefs, which are so frequently met with in the seas of

the Torrid Zone, and which may be even miles in length, owe their

origin chiefly to dilferent calcareous Zoantharia. Besides these,

certain other animals, notably certain Hydroids {Millepora,

p. 106) also assist in the formation of the reef. The reef consists

in part of skeletons of dead colonies, in part of living colonies, which
have attached themselves to the latter. Upon and within the reef

there live a great number of other animals, which are to some extent

Fig. 72. Small poi-tion of the
surface of a Coral in which the
individuals are incompletely
separated (Heliastrcea) . Three
oral apertures may be noticed ;

tentacles in two rows.—After
M. Edwards and Haime.
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adapted to this peculiar mode of life, so that it is possible to speak
of II special reef fauna. Coral reefs are a very characteristic feature
of tropical seas,

1. Ahuost the only representatives of the order occurring in northern seas,
are the Actiniaria (Sea-anemones, Sea-roses)

; solitary forms without skeletons,'
mostly of relatively large size, and usually witli several whorls of tentacles'.
They have a broad pedal disc below, by which they attach themselves to foreign
objects

;
they are capable of slow locomotion. Several species on English coasts.

2. The Madreporaria, forms provided with a calcareous skeleton, belong
almost exclusively to warm seas, where they occm- in great abundance, usually
in colonies, but occasionally solitary; a few species are met with in the
Mediterranean.

Class 3. Ctenophora.

The Ctenophora may be regarded as medusae from which the manubrium is

absent, and the umbrella so convex and so much narrowed that the sub-umbrella
cavity forms a tube of varyuig width, at the base of which lies the mouth, the
entrance into the alimentary canal. Eight narrow streaks may be seen passing
round the surface of the body like the meridians of a globe; each of these
lines or ribs, as they are called, is composed of a series of tiny laminae, con-
sisting of transverse rows of cilia fused together ; these plates constitute the chief

locomotor apparatus of the animal. Many of the Ctenophora possess two long
branched tentacles, which arise from opposite sides of the body, and can
he withdrawn into special pouches. There are no other appendages. The mouth
leads into a small digestive cavity, the so-called infundibulum, from which
arise other canals running along the ribs. At the upper pole of the body there

is an auditory organ. Thread cells are absent.

An eight-rayed plan is to a certain extent indicated, but is not followed

thi-oughout. As a matter of fact, the body can only be divided into two
symmetrical portions : a two-rayed arrangement is seen, e.g. in the disposition

of the tentacles, the branches of the alimentary canal, etc.

The Ctenophora, of whose structure only certain important points have been

noticed above, whilst others have been altogether ignored, are hermaphrodite
Mdthout an alternation of generations, and occupy a somewhat isolated position

among the Cceleutera. They mostly occm- in warm seas ; all are pelagic.

It is specially interesting to note that the lai-vse of some forms often attain

sexual matvu'ity quite soon after leaving the egg, and may lay fertile ova ; but

this only occurs during the warm seasons : the sexual organs then degene-

rate, and the lai-vse develop into normal individuals, which again become

sexually matm-e (c/. psedogenesis of Insects).

Of the various forms may be mentioned Bero'd, bai-rel-shaped, with a wide sub-

iimbrella cavity, without tentacles
;
Cydippe, spherical, with a naiTOw cavity and

long tentacles; Cestus veneris (Yenus's girdle), with body much compressed

and elongated to a ligamentous form structure. All these occm* in the

Mediterranean, the fii'st two also on English coasts.

Appendix to the Coelenteka:

SpongiaB or Porifera {Spon(/es).

The Sponges form a very peculiar group of animals of low organisa-

tion, Avhich is usually placed near to the Caslentera, but whose

systematic position is not yet determined.
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In the simplest form (Fig. 74 A), the body, which is always

attached to some foreign object, consists of a sac open at the upper

end, and composed of three layers. Of these, the

ectoderm consists of flattened cells, each furnished

with a flagellum ; the middle layer, of a mass of con-

nective tissue ; and the endoderm, again, of a special

form of flagellate cell (Fig. 73), peculiar in bearing

at the free end a thin drainpipe-like tube, within

which is the flagellum (collar cells). The cavity

of the sponge (exhalent canal) not only com-

municates with the exterior by the large opening

(o s c u 1 u m), but also by i n li a 1 e n t canals, which

perforate the wall and open by p o r e s. The inhalent

current of water passes through the pores into the

large cavity, and out through the osculum ; the

movement is kept up by the flagella.

The simplest of these types occurs only in a minority of the

Sponges (in certain calcareous forms) . In others, it is complicated by

Fig. 73. Collar
cells ofa Sponge.

k collar.

0

Fig. 74. Various forms of Sponges; diagrammatic longitudinal sections, o osculum,

2> porea.—Orig.

saccular evaginations of the exhalent canal (Fig. 74 B). The

lining of collar cells is limited to these chambers, whilst the main

cavity is lined by a flat epithelium ; the inhalent canals open into the

evaginations. In others (Fig. 74 C, the left side of the figure), the

evaginations are, again, provided with smaller pouches, and in these

alone, collar cells are found; they are, therefore, termed the

flagellate chambers; they communicate with the exterior by
branching inhalent canals. Finally, the chambers may be racemose,

that is, they may be connected with the main branches by longer or

shorter stalks (Fig. 74 C, the right side of the figure). In all cases,
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the water enters at tlie pores, passes through the various canals and
cavities, and finally leaves the Spong-e by the osculnm. Microscopic
particles, which serve for the nourishment of the animal, enter with
the water; the collar cells take these up, and later, eject the
undigested portions. The current of water is undoubtedly also of

the greatest importance for respiration.

In some sponges the pores lead into in-egular cavities occurring below
the sin-face, the subcortical crypts, from which canals arise and
run to the flagellate chambers.

The middle layer noticed above forms the chief mass of the body,
it usually consists of a soi-t of connective tissue with gelatinous inter-

cellular substance. In this tissue, besides fixed cells (some of which
may be pigmented), thei'e are amoeboid wandering cells
which move about in the mass of jelly. Here also hard parts are

almost always developed and form a more or less connected

skeleton. This consists either of a network of horny fibres;

or of fine calcareous spicules, which may be simple, or

possessed of three or four branches, radiating out in different

directions : or there is a s i 1 i c i o'u s skeleton of a very different

kind, composed of isolated spicules connected by a mass of cement

substance, or of silicious fibres. The silicious spicules are

either simple and needle-like, or of more complicated and often very

beautiful forms (anchors, asters, etc.). Not infrequently the

calcareous or silicious spicules project partially from the .surface

of the body. In some Sponges the skeleton is exclusively

calcareous ; in others entirely silicious ; in others again, horny.

In many forms, however, it is both horny and silicious, though

calcareous spicules and horny fibres never occur together. Besides

the structures already mentioned muscle cells are present in the

middle layer ; and it is said that nerve cells are also found

there. In some Sponges superficial sensory cells are present

in certain regions.

Very frequently Sponges multiply asexually, forming colonies

of various kinds, the individuals of which are only in a few

cases clearly distinguishable, whilst they are, for the most part,

so intimately connected with their neighbours that, externally, the

number of oscula alone proves that there is more than one individual.

In some forms, however, after gemmation, the new individuals

separate off and develop independently. In Fresh-water Sponges

there is a peculiar mode of asexual reproduction : portions of the

animal encyst in small capsules formed Avithin it, and after a

resting stage develop into new individuals {gemmulx).

With these exceptions, Sponges reproduce in the usual way by

ova and spermatozoa, which are formed either in the same

individual or colony, or in different ones. The ovum is naked and

capable of amoeboid movement ; it develops within the body of the
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parent into a ciliated larva, which attaches itself after a short

independent existence, and grows into a new animal.

The external form of the Sponge (or the Sponge-colony) is

extremely varied ; it may be massive, more elongate goblet-shaped,

discoid, or quite irregular. All are sessile, and the majority are

marine
;
only a few occur in fresh water.

Of numerous forms only a few will be mentioned.

1. Tlie Bath Sponge (Euspongia), of wlaicli diverse species and

varieties are the object of important fisheries in the Mediterranean, possesses an

exchisively horny skeleton, especially characterised lay its great elasticity ; it

can be completely dried without breaking. Fresh sponges are blackish in

coloiu', and only when the soft parts are removed do they become lighter.

2. Vitreous sponges {Hexactinellidx) oxe silicioiis forms, characterised

by the striking beauty of the skeleton, which is like spun-glass. A well-known

fonn of this gi'oup is the beautiful Philippine Venus's Flower-basket (Euplectella

aspergillum), which like several of its allies, lives at considerable depths.

3. Boring Sponges (Vioa), small silicious forms, which can eat theu"

way into limestone, and lamellibranch or gastropod shells—doubtless by means
of a chemical secretion. In stones or shells which they inhabit (they attack not

only dead shells, but also the outer portions of the shells of living Molliiscs),

there is a system of cavities filled by the body of the Sponge, and communicating
with the exterior by fine perforations of the stQ-face of the shell or stone. The
Boring Sponges play an important part in natm-e, dissolving away shells and rocks.

Abundant in all Eiu'opean seas.

4. Fresh Water Sponges (Spongilla fluviatilis, a,nd other species),

abimdant in fresh water in England, form colonies of various forms (branching,

massive), attached to water plants or piles. The external form of the

colony is determined by the substance upon which it is gi'owing. It is a

silicious form with simple spicules. In the autimm a number of gemmulje
arise, rest diu-ing the winter, and imdergo fiu-ther development early in the

following year.
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The Echinoderma were formerly grouped with the Ca3leiitera as

Radiata, on account of their both exhibiting a radial symmetry
and in spite of their differing much in other respects; in the

EchinodermSj there is an early development of mesoblast; a body-

cavity, a circulatory and a water-vascular system are present.

A/

1 2 3 4

Fig'. 75. Diagrammatic figures explaining the radial structm-e of the Echinoderma.
1 Star-fish from beneath. 2 Sea-urchin from beneath. 3 Sea-urchin, lateral view.

4 Holothurian from the side, a anus, o mouth, r radius, i inter-radius, I lines indicating

the scissions by which the animal may be divided into rays, t tentacle.—Orig.

The characteristics of the fundamental form of a regular
Echinoderm are as follows : the body is usually pentamerous, i.e., it

may be divided into five approximately identical rays (antimeres)

by five scissions meeting in the principal or median axis.

The external form of the body varies in accordance with the length

of this axis; when it is longer than the transverse, the body is

elongate; when the axes are equal, or the transverse is slightly longer,

it is almost spherical; if the principal axis is much shorter, the body

becomes discoid. All these various types are connected by transitional

forms. The mouth lies at one pole of the principal axis, the oral

pole. The surface of the body may be divided by meridians into

ten segments, five of which, termed radii, bear the tube-feet
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(to be described in detail below), and alternate reg'ularly with the

other five, called i n t e r - r a d i i

.

The radial type of structure is not only indicated externally, but is

also conspicuous in most of the internal organs {see below), although

it is never completely carried out ; there are always deviations, in

some systems at least, and these are very considerable in many

forms (for details, see the various groups, especially the Echinoids)

.

It is characteristic of the Echinoderms that, in almost all,

calcifications of varying- size and form occur in the connective

tissue of the body-wall. Sometimes they are small, almost micro-

scopic deposits, often veiy beautiful in form : small perforate plates,

wheels or anchors ; sometimes larger laminae movably or immovably

connected together. With the exception of some quite small deposits,

all the calcifications are porous and spongy. In most cases they are

present in such numbers that the}^ form a considerable portion of the

Avhole mass
;
occasionally (Holothurians) they are more subordinate."^

Calcifications may occur not only in the body-wall, but also in other

regions, e.g., in the wall of the stone-canal [see below) and in the

pharynx of the Holothurians.

The skin is, as a rule, ciliated and often brightly coloured. In

connection with it, there are various appendages, many of Avhich

are calcified like the body-wall. This is the case for instance in the

movable s p i n e st usually present, part of which is calcareous

matter, although connective tissue and epidermis are by no means
wanting. A peculiar form of appendage, the so-called pedicellariae,
also occurs in Starfish and Sea-urchins. Each consists of two or

three short calcified valves connected at one end, whilst the free ends

are often provided with curved tips capable of snapping together like

pincers ; the pedicellarias are usually borne upon a longer or shorter

movable stalk, supported proximally by a calcareous rod. They serve

as defensive organs; small animals are seized and held fast until

they die ; excreta and foreign particles are also removed from the

surface of the animal by their agency.

Among the appendages of the Echinoderms, the tube-feet are

of special interest
;

they are soft, delicate, usually cylindrical

structures, the free ends of which are either furnished with suckers

or rounded; only in the former case do they serve as organs of

attachment. They may stretch out to a considerable length, and
then have the appearance of very long thin threads, whilst in the

contracted condition, they shrink up to a small fraction of their former

* The calcifications lie in connective tissue covered by the epidermis. In regions
where the body is exposed to friction, the soft covering may, however, be rtibbed off,

so that they become partially bare (tips of the spines of Sea-urchins, portions
of the surface of the Ophiurids, etc.).

t Frequently the spines arc not altogether simple in structure, but are forked and
so on. Such e g. are the p a x i 1 1 of some Starfish, bearing a rosette of fine points
at the end of the shaft.
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Fig. 76. Pedicellarias of a

Sea-urchin closed and open. Proxi-

mal portion of the stalk not

drawn.—Orig.

size. Tlie tube-feet which end in suckers, may serve as locomotor organs,
since they can stretch out and attach themselves to foreign objects, and

then contract so as to draw the body after

them ; when they are rounded at the

ends, they usually have a tactile func-

tion. Within the feet there are cavities

connected with the water-vascular
system peculiar to the Echinoderms.

The water-vascular system,
a series of tubes, containing a fluid, and
lined with a ciliated epithelium, consists

of a ring-canal surrounding the

alimentary canal close to the mouth, and

of five branched radial canals in

connection with it. The ring-canal, which

is usually beset with a number of vesi-

cular outgrowths (polian vesicles), com-

municates with the exterior by the so-

called stone-canal,* which is at-

tached to a perforated plate, the

m]a dreporite, lying in the body-wall, and allowing of the passage

of water. The radial canals lie along the middle of each radius

giving off a tiny vessel, pro'S'ided

vsdth a small swelling or ampulla,
to each tube-foot. Water is driven

into the tube-feet by the contrac-

tion of the water-vessels and

ampullee, and causes their elonga-

tion
;
when, however, they contract,

it is driven back into the canals.t

In most Holothurians, and in

Crinoids, the stone-canal (or canals,

for there may be several) is not

connected with the surface, but

opens into the body-ca^aty by one

or more apertures, through which

the fluid is taken into the water-

vascular system. In the Crinoids,

the body-wall is perforated by fine

pores, through Avhich the sea-water

passes into the body-cavity.

The water-vascular system of the lai-A'a

is always in direct communication vnth

the sea-water by a stone-canal opening

at the siu-face. Here, too, there is always only a single stone-canal.

Fiir. 77. Diagrammatic sketch of the

water-vascular system of a Star-

fish, ap ampulla, k ring - canal, ma
madrepoiite, p polian vesicle, r radial

canal, s tube feet, st stone canal.—Modified

from Gegenbaur.

* This name is derived from the fact that the wall of the canal often contains calcireoiis

deposits. t Amoeboid cells, like those of blood, float in the watcr-va^culai- fluid.
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The water-vascular system has no connection with the true blood-
vascular system; so that the Echinoderms possess two separate-

sets of vessels containing fluid. In the blood-vascular system

there is a circular vessel round the mouth, from which arise numerous

branches, amongst them, the radial vessels. In Starfish and Ophiurids,

there is a second circular vessel, lying farther from the mouth, and

connected with the former by a vascular plexus. There is no heart.

The alimentary canal differs considerably in the various-

gTOups. It may be noticed here, that whilst the mouth is always

situated at one pole, the anus (which is usually present) lies in one of

the inter-radii, although in some forms it is quite near the aboral pole.

Special respiratory organs are usually little developed, or

entirely absent. They are of various forms :
" respiratory trees " in

Holothuria, dermal-branchige in Starfish, and tufted gills at the

mt)uth of Sea-urchins ; these will be considered in greater detail

under the different groups.

Excretory organs are as yet unknown in this group. A glandtdar

organ lying along the stone-canal, wliich was fonnerly regarded as a heart, has

more recently been considered to be excretory, but in reality it appears to be a-

" lymphatic " organ, ia which the blood coi-puscles ai'e developed.

Fig. 78

p

-r
-n

-k

Fig. 78 and 79. Diagram-
matic longitudinal section

of a Star-fish and of a Sea-
urchin, pass'ng through a
radius on the right, an inter-

radius on the left, a anus,

i gut, Ic body -wall, I cajcum
of the gut, m mouth, ma
madreporite, w radial nerve,

0 in Fig. 78 eye, in Fig. 79
sensory spot, 2' ampulla, r
radial canal, .v stone canal,

sk skeletal plate. The Polian

vesicles, eic. are left out.

—

Orig.

The nervous system in all Echinoderms consists of a nerve
ring round the mouth, from which nerve cords pass off to the radii.

In Starfish and Crinoids both the ring and the radial nerve cords lie
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in the epidermis, whilst in other forms they have sunk farther in. As
to sense organs, the small eyes present at the tips of the

arms of Starfish must be mentioned. Small eyes are also present in

certain Holothurians {8ynapta) , at the base of the tentacles; and
lastly, optic organs have been described in some of the Sea-urchins

where they are distributed in larger numbers over the whole surface

of the body. Vesicular auditory organs are known only in

some of the Holothurians.

Reproduction, with a few exceptions, is sexual, and the

Echinoderms are almost all of separate sexes. The male .and

female organs are usually very similar in form, but they may generally

be distinguished without microscopic examination, since the ovary is

yellow or red, the testis white. As a rule they are radially arranged,

in each inter-radius an ovary or testis, or a small group of these; some-

times they are absent from one or more inter-radii, as in Irregular

Sea-urchins ; or they may be present in one only, as in the Holothurians.

They may be saccular or branched, and each opens by a pore upon its

inter-radius; in some forms near to the aboral pole, in others at some

distance from this ; or again, quite close to the mouth.
Fertilisation generally occm-s after the deposition of the ova, which

are usually small. Some few Echinoderms are, however, viviparous, and

in these, of coiu-se, fertilisation takes place within the body of the parent. In

some forms the ova are carried about by the parent, either protected by the

spines or in special pits in the surface of the body ; some Starfish fonn a kind

of brood-pouch by bendiag the arms down over the eggs.

The development of the Echinoderms is of special interest,

for a complicated metamorphosis often occurs : the larval

Fie. 80. Diagrammatic figures of the principal forms of young Ecliinoderm larvffi.

A, B, C seen from below ; A' is A from the left side, a anus, / ciUated ridge, m mouth.

The saddle-shaped concave region is shaded. For the rest, see the text.—Orig.

form, unlike the adult, shows no trace of a radial structure, but on

the contrary is bilaterally symmetrical, and all groups

conform to a common type, excepting the Crinoids and a few

others. The simplest form {see Fig. 80), seen in young larvffi,



Ecliinoderma. 127

is almost spherical, somewhat longer than broad, with a saddle-

shaped depression on the ventral surface. The edge of the saddle

is a thickened ridge covered with cilia, which enables the animal

to swim. The mouth is situated anteriorly in the depression, the

anus is posterior to the hinder edge of the ciliated ridge. In front,

the ridge bounds a projecting lappet (& Fig. 80 A), which in some

cases is only connected by a narrow bridge with the rest of the

convex surface (Fig. 80 B, Holothurian), or again, may even be

completely cut off from it, forming a special island in the concave

region, surrounded by a small ciliated ridge (Fig. 80 C, Starfish).

In older larvffi, the ciliated rim is more or less lobed, usually forming

long processes or arms, which are then frequently supported by

delicate internal calcareous rods, as in the Ophiurids and Sea-urchins.

After some time, a portion of the larva undergoes complicated

modifications to form the body of the adult, whilst the rest gradually

shrivels up. The final product of the metamorphosis is a snlall

animal possessing the chief features of the adult, although differing

from it in many respects, e.g., in the small number of tube-feet.

The adult is thus produced by a remodelling of the larval

body, large portions degenerating whilst others become further

developed and modified. In some Echinoderms, especially in those

A B CD
Fig. 81. Larvae of : A Starfish, B Ophiurid, 0 Sea-urchin, D Holothurian.—After

J. MiiUer.

which are viviparous, a metamorphosis does not occur ; or it is not
obvious; or it is modified in various ways.

A sexual reproduction occurs in only a few forms ; see

Asteroidea and Holothuroidea. All the Echinoderma are marine,
living at various depths; they crawl about at the bottom, or are
sessile; only exceptionally are they capable of swimming. The
group is represented in the oldest fossiliferous strata, and on account
of its abundance, and the frequent presence of a well-developed
dermal skeleton, fossils are very numerous.

Class 1. Crinoidea {Sea-Lilies).

The Crinoids are primarily distinguished from other Echinoderms,
that, either in the adult condition, or at least in the early stages
lowing free larval existence, they are attaclied to the sea-bottom.
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or to some forei^-n object, by a stalk arising from the middle ofhe dorsal surface The actual body is small in comparison witl,
the whole size of the animal, usually soft and flat on the up-turned

Fig. 83.

Fig. 82

Fig. 82. Rhizocrinus lofotensis.

Fig. 83. Antedon.

Fig. 84. The up-turned surface (ventral side) of Antedon ; the ten arms are cut away
not far from their bases, a anus, at the tip of a papilla

; / furrow, m mouth, j) pinnule.

—Orig.

ventral surface (or oral pole), firm and arched on the dorsal side.

From the margin of the body arises a number of arms, usually five

or ten, which divide frequently, sometimes repeatedly. A series of

lateral branches or pinnules arises on either side of the arms.
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like the barbs of a feather. The dorsal surface is covered all over,

even to the pinnules, with large, thick, calcareous plates, closely set

too-ether, forming in each arm a series of vertebra-like jomts, and

up^'on the body a calyx, in which the viscera are disposed. All these

Fi?. 86.

Pig. 85.

Pig. 85. l.arvaj of A^itedon rosacea at various stages of

development. 1 and 2 young free-swimming larvsB ; in the

latter, considerable portions of the adult skeleton are already

deposited. 3 larva shortly after fixation, g gastrula-mouth,

p pedal disc, r body, s stalk.—After Wyville Thompson.

Fig. 86. Another species of Antedon (Antedon, Eschnchtii)

X 4 ; in the sessile condition.—After Levinson.

ossicles, which make up a considerable portion of the body, are

calcifications of the dorsal wall. The stalk, too, is chiefly composed

of a series of calcareous joints; the cirrhi, filiform, or rarely root-

like or branched processes, frequently arise from it, and contain

similar calcifications. In contradistinction to the dorsal, the ventral

surface of both body and arms is usually soft and little calcified.

The mouth lies centrally (rarely excentrically) on the ventral

surface, and a short distance off is the anus at the tip of a

small conical tube in one of the inter-radii. Five ciliated furrows,

ambulacral grooves, radiate from the mouth, and if only

K
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five arms are present, one is produced along each
;

whilst, if there

are ten, each groove forks just as do the arms, and sends a small

furrow to each pinnule. Along each edge of the furrows both

of the arms and of the pinnules there is a row of small, soft feet or

suckers (so-called tentacles) ; a Avater vessel runs below it, and gives off

branches to the feet. (For the stone-canal, we p. 124). The
genitalia, which are similar in both sexes, extend as long tubes through

the amns and give off branches to the pinnules ; these branches alone

produce ripe reproductive cells, whilst the main trunk is sterile : the

ova and spermatozoa escape by small openings in the pinnules, the

latter having become much swollen by the ripe genital products.

Development is known only for Antedon, which as an adult

has no stalk. The ovate body of the newly-hatched larva is provided

with four ciliated girdles and with a tuft of cilia at the hinder pole.

After swimming freely for some time it attaches itself by one end, which

elongates, to form a stalk, whilst the arms bud out at the other pole.

Later on, the body with the arms breaks from the stalk, and the animal

is free-swimming for the rest of its life.

The stalked Crinoids are almost exclusively abysmal, whilst those

which are free-swimming usually occur in shallow water near the

coast. Crinoids feed upon microscopic organisms which are di'iven to

the mouth by ciliary movements in the furrows already mentioned. In

earlier geological periods, especially in the Silurian and Cretaceous,

they were as common as they are now scarce, and were principally

represented by stalked forms, in fact entirely so down to the Jurassic.

Genera, species, and individuals, were all abundant.

The following may be mentioned as examples of present-day

forms :

—

1. Bhizocrinus lofotensis, a small, long-stalked (to 8-c/m) form, with five

(occasionally 4, 6, or 7) simple ai-ms ; the end of the stalk is pro'sdded with

branching root-like cirrlii, by which it attaches itself to objects at the bottom

of the sea, whilst elsewhere there are none. The animal was first met with off

the Lofoden Islands, at depths of 100—300 fathoms, but aftei-wards, also at great

depths in various other localities.

2. Sea Palms (Pentacrinus) are large animals with ten ai-ms, which may

divide repeatedly ; the strong stalk is beset vdih whorls of jointed ch-rhi down its

whole length. At gi-eat depths in warm seas.

3. Antedon or Comatula, a stalk-less Crinoid, with ten or more arms. In

the young stalked condition, cii-rhi occm- only at the junction of the stalk and the

body ; these cin-hi persist after the animal has broken away, and by means of

them, Antedon, can climb upon vai-ions foreign objects, whilst it can swim with

its arms. A. rosacea occm*s in the MediteiTanean and the Atlantic.

Class 2. Asteroidea.

In this class the body is always discoid (the principal axis

short) and drawn out into a number of arms (usually five), for the

radii are better developed than the inter-radii. The tube-feet
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are developed only on the ventral (oral) surface, whicli, nnlike that of

the Crinoids, is considerably more calcified than the dorsal side. The

alimentary canal is very short and almost radially symmetrical. The

Asteroidea are divisible into two fairly dissimilar orders, the Star-

fish, and the Brittle-stars.
In some of the Starfish and Brittle-stars with six arms or more, reproduc-

tion by fission has been observed ; the disc divides transversely, so that

two individuals ai-e formed, each consisting of half a disc and half the number

of ai-ms; they attain the perfect form later by regeneration. Other Star-

fish divide by thi-owing off the arms; a new individual develops from each,

whilst the disc bnds out new ones at the old scars. Whilst such an asexual

multiplication occui-s in a few forms only, a great capacity for regeneration
is common to all, occtuTing both in Asteroids and Ophimids ;* lost arms are

easily renewed, even if several ai-e destroyed at the same time, and, especially

among the Ophimids, there are individuals which are a*lmost perpetually

engaged in regenerating lost pai-ts.

Order 1. Asterida {Sfarpli).

The flattened body consists of a disc with five or more arms,
broadest at the base near the point of origin, and narrowing towards

the tip. The disc and arms pass directly into each other without

any distinct limit. The length of the latter varies very much, for in

.some they are many times longer than the breadth of the disc, whilst

in others they are only just indicated, so that the whole animal looks

like a pentagonal plate, and there are all possible intermediate

forms between these two extremes.

The mouth which is without armature, lies in the middle of the

oral surface ; it leads into a spacious gastric cavity, circular in form,

and with much-folded walls, the so-called stomach. This gives off

(sometimes in pairs) tent long-branched cteca, two extending into

each arm; they are glandular and pour their secretion into the

stomach. A circle of short, and also glandular,, caeca arises from the

stomach above the large ones, close to the anus; this is a small

aperture almost in the centre of the dorsal surface, lying in an inter-

radius, close to, but not at, the aboral pole : it is wanting in some
forms. The madreporite, which is perforated like a sieve, also

lies aborally in one of the inter-radii. Along the ventral side of

each arm runs the ambulacral groove, which is continued on
to the ventral surface of the oral disc as far as the mouth. The
tube -feet are situated in this groove, generally arranged in two,

occasionally in four, rows ; each is usually provided with a sucker at

* Also in the Crinoids.

t In forms with five arms ; with a larger nmuber of arms there is a corresponding'
increase in the number of cseca.

K 2
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its tip. At the distal end of each gi'oove, there is an unpaired

filiform structure, which bears on its lower surface close to the base,

several small red eye - spots: since the tips of the arms are

curved ujDwards, the eyes look up in spite of their position on the

ventral surface. The genital apertures usually occur on the

dorsal surface of the disc ; two or more tiny openings in each inter-

radius. The body-wall is much calcified, especially on the ventral

surface; a series of yoke-like calcareous plates movably jointed

Fig. 87. Diagrammatic figures explaining the structure of a Starfish. A oral,

B aboral view ; in B some of the internal organs are figured, hi caecum of the stomach,

li genital gland, li' genital pore, m madreporite, o mouth, s tube-feet, t stomach, 6 eye-

spots.—Orig.

together, and each consisting of a pair of closely-connected calcifica-

tions, roofs in the ambulacral groove : the radial water-vessel and

the radial nerve lie ventral to these ossicles. The upper side of the

body is less strongly calcified; numerous delicate thin-walled out-

growths of the body-wall, which may be regarded as gills, project

from it : they are not connected with the vascular system, nor do

they contain blood-vessels. Dorsally, at the edges of the arms, and

ventrally, as far as the margins of the ambulacral grooves, numerous

movable or fixed spines may occur together with pedicellariae,

which are sessile, or provided with short stalks.

In order to ingest large animals, Lamellibranchs, Sea-urchins, and

the like, the Starfish evert the stomach through the mouth, so^ as to

cover the prey, which is killed by the action of the digestive juices,

and its soft parts dissolved and absorbed. Smaller animals are

received entire into the non-everted stomach, the indigestible portions
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being- thrown out again from the mouth, for the anus plays only a

subordinate part.

The species of Starfish are numerous, and occur in all seas. The

following may be cited as examples :

1. Asterias ruhens, a five-rayed form, with the tube-feet arranged in four-

rows, and each foot furnished with a sucker. Yery common in North Eui-opean

seas,'occurring on the shores and to considerable depths. It is inimical to Oyster

beds', also causing havoc by devom-ing Fish caught in nets or on hooks. Those

from deeper water attain a breadth of 50 c/ni., the littoral ones are much

smaller.

2. Solaster, Stai'fish of considerable size, with a large number of arms (about

ten), tube-feet with siickers, in two rows. In North Eiu-opean seas.

Order 2. OpMurida (Brittle Stars).

The arms, usually five in number, are long and narrow, and do

not meet at their bases; the edge of the disc between each two arms

is usually straight, or somewhat

bulging. In addition, the dorsal

walls of the arms, by a diiferent

arrangement of the ossicles, generally

differ somewhat in appearance from

that of the disc; so that they seem

to be well marked off from this,

especially when examined from above.

They differ, further, from those of the

Starfish, in the absence of ambulacral

arrooves ; the ventral surface is flat,

and usually covered with calcareous

ossicles which lie ventral to the radial

water-vessel ; dorsal to it are vertebra-

like ossicles, which constitute the

chief part of the arm, and are similar

to those of the Starfish, although

developed somewhat differently. The

tube-feet, which are without suckers,

are arranged in two series on the

ventral surface, near the margin of

the arms; and on the disc, near to

the mouth. The aboral surface of

the arms is usually covered with large calcareous plates, that of the

disc is generally soft, with larger or smaller calcifications. The
arms are very flexible, and are capable of a serpentine movement.
The circular mouth lies in a stellate depression, the coniers of

which are in the inter-radii, and are furnished with denticles.
The stomach is a wide sac, occupying the greater portion of the

Yig. 88. DiagTam explaining the

structure of an Opliiurid, seen from
below, h slit-like ai^erture of a bursa,

m madreporite, o mouth, p one of the

ossicles from the ventral surface of the

arms, s tube-feet, s' point of origin of

one of them, s" tiibe-feet round the

mouth, ta denticles.—Orig.
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body
;

large cajca are wanting, tliere are only short pouches, which
do not extend into the arms. There is no anus. The opening or

openings of the stone canal are in the madreporite, which lies close

to the mouth. On the lower side of the disc, close to the bases
of the arms, there are ten narrow slits, leading into the same number
of sacs,* which have a r e s p i r at o r y significance {bursa;). On
their walls are the genital glands; ova and spermatozoa

escape into the sacs, and leave the body through the slits.

Eyes, pedicellarias, and gills are absent, but longer or shorter

spines, which are important in locomotion, occur especially along

the edges of the arms.

Those Ophiurids which are unable to evert the stomach, feed upon
dead animals, or upon such as are not capable of resistance

;
they

gnaw their food with the denticles mentioned above.

1. True Brittle- stars (gemis Ophiura, etc.). With five (rarely a
larger miniber) of simple arms

;
occm-ring in all seas, and repi-esented in those of

northern Eiu-ope by a number of nearly allied species. Some are spiny, others

smooth. They may often be found climbing over foreign objects with the aid of

their arms.

2. Astrophyton, distinguished from the true Ophim-ids by the fact that the

five arms, which can be rolled up towards the mouth, are much branched.
The dermal skeleton is somewhat less developed than in the true Ophim-ids, and

they can swim like the Antedons. They attain a considerable size. Species of

this genus occiu* in northern seas, but are much less abundant than the former.

Class 3. Echinoidea {Sea-nrchins).

In some Sea-urchins the body is almost spherical, but in most,

on account of the shorter main axis, it is flattened or occasionally

discoid; arms are completely absent. The greater portion of the

body-wall is furnished with immovably connected calcareous plates.

In the so-called Eegular - urchins, with spherical body

(the transverse axes being of about equal lengths), there are

twenty rows of these plates extending meridionally from one end

of the principal axis to the other. Ten of the rows bear fine pores,

each plate having one or several pairs ;t each pair of pores corre-

sponds with a tube-foot. In each radius there are two series of

these, pore or ambulacral plates, whilst in each inter-

radius there are two" inter ambulacral plates. The latter are

often broader than the pore plates, and like these are covered with

larger or smaller, nearly hemispherical knobs, each of which bears

* Sometimes twice this mmiber of slits is present, each of the original ones being

divided by a transverse bridge ; but the number of sacs remains the same.

t Each pore plate bears primitively only a single pair of pores ; in conseqtience

of the fusion of several plates, however, there are several pairs in most of the Regular-

urchins.
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a small, smooth, wart-like elevation ; the largest knobs occur on the

imperforate interambulacral plates. The upper ends of the twenty

rows of plates touch upon a circle of ten apical plates, five

A ,
B

Fig. 89. Shell of a Eegular Sea- urchin, Toxo'pneustes Broebachiensis {yoxxiig

specimen, enlarged), from above {A) and from below [B). The radii are dark, g genital

plate, m madreporite, o ocular plate. In the middle of A is the anal area with the anus.

—

Orig.

A B

Fig 90. Shell of an Ir r e gul ar Sea-urchin, Brissops-is li/ri/era (young specimen,

enlarged), from above {A) and below (B). (The radii in A are not dark enough).

Posteriorly in A the anal area may be seen. The white bands are arese with very small

spines.—Orig.

large and five small, with which they are immovably connected ; in

each inter-radius lies one of the larger, in each radius one of the

smaller plates. Each of the larger plates is pierced by the opening

of a genital gland, and they are therefore termed the g e n i t a
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plates. One of them is larger than the others, and is the

madreporite, for it exhibits, besides the sexual aperture, a numbei-
of other delicate pores, allowing of the entrance of water into the

stone canal which is attached at this point. Each of the five smaller

plates is similarly perforated by an opening, smaller than the genital

pore, through which a nerve passes, to be distributed to the skin in

the region of the aperture ; this spot is particularly sensitive ; the

plates are termed ocular plates, because it was formerly

believed that each bore an eye. The apical plates surround a small

membranous region, the anal area, in which the anus opens,

usually somewhat excentrically ; it is provided with small, movably-

connected, calcareous plates. The lower ends of the ambulacral

and interambulacral series of ossicles surround a large space, the

peristome, on which also there is no connected skeleton, though

it is furnished with a certain number of larger or smaller cal-

careous plates ; the mouth is central.

The skeletal plates in the regular Sea-urchins are arranged

on this plan; other less regular types may be derived from it.

A simple departure occurs in certain Sea-urchins, which are

yet considered as "regular'^; for although the shell is ovate,
instead of round, the general structure conforms to this type

(genus Echinometra) . The so-called Irregular Sea-urchins
are more aberrant ; the whole of the anal area has moved

from the circle of apical plates, into one of the inter-radii, and lies

between two rows of interambulacral plates at some distance from

the apex, occasionally even close to the oral area ; the apical plates

draw together dorsally, and the regular structure of the shell may be

almost completely retained, even the spherical form. The inter-

radius, in which the anal area lies, is termed posterior.

The loss of radial symmetry is greater if, as in many Irregular

Sea-urchins (Fig. 90 B), the mouth no longer lies in the centre of

the ventral surface, but more anteriorly; this has a marked effect

upon the whole structure of the animal, since the mouth has not

moved into a radius, but retains its position at the lower pole of the

principal axis, where it is still the meeting-place of all the radii

and inter-radii. Hence, some important alterations must necessarily

result; the development of both radii and inter-radii is essentially

changed {see Fig. 90 B). Twenty rows of plates may, however,

still be noticed, as in the regular forms; and the ocular and

genital plates remain as before, excepting that the latter are usually

only four, or even fewer, in number. Many of the Irregular Echinoids

{see Fig. 90), are also peculiar in that the ambulacral plates are

differently developed on the dorsal and ventral sides of the shell, in

correspondence with differences in the tube-feet, to be described;

often, too, the ambulacral plates of the anterior radius differ from

the rest.
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Fig. 91.

Diagrammat c

longitudinal section

of the spine of a

Sea-urchin, s shell,

Ti tubercle, v wart-

like process of the

same, p spine, m
muscles.—Orig.

Movable calcareous spines articulate witli the smooth prominences

of the numerous tubercles mentioned above, and are attached to the

shell by muscle fibres. In the Eegular Urchins

the spines are usually of considerable importance;

in some, they are very long and thick, and serve

as locomotor organs, accessory to the tube-feet ; in

irregular forms, on the contrary, they remain small

and thin, or even bristle-like. All the spines in

the same individual, however, are by no means of

equal size ; those with the large kind also exhibit

smaller, or even quite tiny, ones. The spines are

straight, and rounded in section ; but some are

curved and flattened. Like the shell, the spines

are calcifications of the body-wall, and like the

shell also, they are covered with a soft superficial

layer, which is, however, often worn away from

the tip."^ Stalked or sessile pedicellariae are

also articulated with the shells (c/. p. 124).

In the Regular Sea-urchins the tube-

feet are usually all alike ; at the end of each is

a sucker, supported by a perforated calcareous

plate
; occasionally those on the dorsal surface are

pointed and compressed. In many Irregular Urchins, how-

ever, several forms occur: 1. true tube-feet with suckers; 2. a

similar kind, but with rounded ends ; 3. a brush-like form, with

numerous threads at the ends, modified as tactile organs, and occur-

ring near the mouth; 4. dermal branchite, i.e., leaf-like

appendages, notched at the edges, present on the dorsal surface.

The mouth in the regular and in some of the irregular forms,

is armed with a circle of five very powerful calcareous teeth,
supported on a somewhat complicated framework of calcareous pieces,

the so-called ^^Aristotle's lantern"; in most of the irregular

forms, however, there are no teeth. The alimentary canal is

a long, cylindrical, much-coiled tube, occupying the greater portion

of the shell cavity. The position of the anus has been already

described.

In the Regular Urchins the lantern is again siuTonnded and supported by a
calcareous liag provided with five upwardly du-ected processes, and connected to
the lower rim of the shell. In these forms the masticatory apparatus occupies a
considerable part of the whole cavity. The so-called siphon, or accessory
intestine, is a very peculiar structure occiuTing in most Echinoids. It consists of a
fine canal, iiinning parallel to the gut for part of its length, and opening into it

at either end; in some forms this canal is wanting, and instead there is a
groove on the inner side of the gut. It is conceivable that the accessory intestine
arose by the constriction of a gi'oove such as this.

* In very large spines the soft covering may be present only at the base.
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The peristome, iu most of the regular forms, bears ten dendritic

outgrowtlis of the body-wall, the oral branchia;, close to the edge of
the shell ; in others, however, they are wanting.

On the ventral side of the shell, close to the peristome, there are attached to
the pore-plates of most Echinoids tiny globular structm-es, with short stalks and
a glassy, calcareous skeleton. These so-called spheridia are probably sense-
organs, jDossibly gustatory or olfactory.

Urchins occur iu all seas, and are abundant both in genera
and species. They were also well represented in earlier geological

periods.

Order 1. EcMnoidea regularia {Bepdar

Sea-urc/dtiti).

The anal area lies at the upper pole. The body is usuall}-

approximately spherical. Spines strong. Teeth present. Dermal
branchiae usually present.

The Regular Sea-urchins feed partly upon other animals, e.g., large

Crustacea, which they catch by means of their tube-feet
;
partly upon

the Polyzoan and Hydroid colonies attached to them, and also to a

certain extent upon Algee. Some of them use their teeth to form

small cavities in the rocks in which they live.

As examples may be given : Cidaris, with long strong spines, without denoaal

branchiae
;

Echinus, with smaller spines, to which Toxopneustes (Fig. 89) is

closely allied; Echinometra, with an oval shell. The genus Asthenosoma

differs from other Urchins, in that the skeletal plates, which are imbricate, are

m o V a b 1 y connected.

Order 2. Echinoidea irregularia {Irregular

Sea-urchins).

The anal area has moved into an inter-radius. The body

is round or, more often, ovate. Spines small, often bristle-like.

Usually toothless. Dermal branchiee absent.

1. Shield - urchins or Clypeastridse (genus Clypeaster, and others)

differ from other Irregular Sea-m-chins in the possession of teeth. Shell thick ;

mouth in the centre of the ventral sm-face. Rarely found in European seas.

2. Heart - urchins or Spatangidse (genus Spatangus, etc.) ,
toothless,

shell usually thin, mouth moved forwards. Feed by ingesting material from the

bottom of the sea. Several species in the North Sea, among them Brissopsis

lyrifera (Fig. 90).

Class 4. Holothuroidea {Sea- Cucumbers).

In the Holothurians the principal, is always longer than the lateral,

axis, usually several times as long, so that the body is cucumber-,

sausage-, or worm-shaped. In correlation with this, the Holothurians
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do not rest on one pole as do other Bcliinoderms, but upon one side of

the body; and, as a consequence, one side is often specially developed

or even flattened (Fig. 93), so tliat external radial symmetry is more

or less destroyed ; the side turned downwards is termed ventral,

the other dorsal.

Fiff. 92. Fig. 93.

-/

Fig. 94.

Fig. 92. Diagram of a Holothurian; the body-wall is cut through and spread

out. a anus, c Cuvierian organs, g gonad, k ring canal, Icp calcareous ring, I respiratory

tree, ma madreporite, p polian vesicle, r radial water vessel, t gut, te tentacles.—Modified
from Ludwig.

Fig. 93. Transverse section of the body-wall of a Holothurian, diagrammatic, a
Radial water vessel, I longitudinal muscle, n radial nerve (the white spot above n is the
radial blood vessel), t transverse muscle, v body-wall.—After Ludwig.

Fig. 94. Transverse section through a radius of the body-wall of a Holothurian.
(i/p ampulla, b radial blood vessel, s tube-foot ; other letters as in the preceding figure.

—

After Ludwig.

Another feature which is very characteristic of the Holothurians

is the softness of the body-wall ; the wall is indeed, as in other

Echinoderms, provided with calcifications, but to so slight an extent

as to render it impossible to speak of a dermal skeleton. The calcifi-

cations are usually in the form of minute, often microscopic, particles
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of varied and often beautiful form, anchors, wheels, etc.
; they

are sometimes large, scale-like, and projecting. The anterior region
of the digestive tract, is, however, surrounded by a number (usually

ten) of large calcareous plates, forming a calcareous r'i n g, from
which various muscles take their origin.

The tube-feet of some forms are arranged in five radial longi-

tudinal rows (Fig. 75, 4), just as in the Sea-urchins; in others they
are more irregularly distributed over the whole surface. Sometimes
the dorsal tube-feet do not possess suckers, and herein differ from
those on the ventral surface ; or they may be wanting on the

dorsal side ; or again they may be altogether ,absent.

The mouth is surrounded by a circle of tentacles (10-30),

which are usually branched (plumose or ai'boriform) . They are

hollow, and like the tube-feet, are connected with the water vascular-

system ; each is traversed by a large vessel, which arises from a radial

canal, or occasionally direct from the ring canal, and is usually

provided with an ampulla. Probably the tentacles are to be regarded

as specially modified tube-feet. In most, the stone canal (or canals,

for there are often several present), is not connected with the

body-wall, but opens by means of a perforated madi*eporite into

the body cavity.

The alimentary canal is a cylindrical tube, which is

usually longer than the principal axis, and forms a large loop.

The mouth and anus are situated at opposite poles.

In most Holothurians two "respiratory trees'"^ open, either

separately, or by a short, common stem, into the rectum
;
they are

large, hollow, arboriform organs by which water is taken into the

rectum and expelled again; their function is respiratory. In some

forms "Cuvierian organs" are also attached to the rectum;

they are saccular or racemose glandular structures of unknown

function. The genitalia are only developed in one inter-

radius: the sexual aperture is situated dorsally, usually close to

the tentacles. Most Holothurians are of separate sexes, some few

are hermaphrodite.

In the body-cavity of some forms {Synapta and its allies), especially on

the mesenteries, there are small stalked, slipper-shajDed bodies, the cavities of

which are lined with long cilia : the significance of these ciliate organs is

unknown.

Many forms feed, like the Spatangidae, by ingesting sand and mud,

with the contained organic particles ; others remain with outstretched

tentacles and from time to time draw them, one after another, into

the mouth in order to obtain the small organisms which have become

entangled in their branches. They crawl slowly about by means of

their tube-feet
;
many bury themselves in the sand. They occur in

all seas.

Many react to a powerful stimulus (a rough touch, or the like) by energetically

contracting the body-Avall, so that a large portion of the alimentary canal and
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other viscera is forced out thi-ougli the anus. The lost organs are replaced by-

regeneration. Other forms (Synapta) when irritated, constrict transversely

and break into several pieces.

The following may be cited as examples : Gucumaria, tube-feet in five double

rows from the moiith to the anus, arborescent tentacles : Holothuria, with

scattered tube-feet, conical on the dorsal sm-face, cylindi-ical on the ventral,

tentacles peltate : Psohis, with the tube-feet confined to the flattened ventral

sm-face, calcareous scales dorsally : Synapta, without tube-feet, vermiform, with

small tentacles, and microscopic calcareous anchors in the transparent skin. The
genera mentioned are all found in European seas. Recently a number of peculiar

abysmal forms, with flattened ventral surface, and long processes of the body,,

have been discovered (Elpidia and others).
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Fig. 95.

The Platyhehninths are bilaterally symmetrical, unsegmented,

and usually almost flat. The body is soft, and appendages are

wanting, though ventrally, muscular suckers are frequently present.

There is no body-cavity, all the organs are imbedded in a mass of

soft connective tissue

;

Fig- 96. the anus, and also the

vascular system are

usually absent (the

Nemertines excep-

ted). The diges-
tive tract is either

a simple sac, or it is

branched ; it is want-

ing in many parasitic,

and even in some free-

living, forms. The

central nervous
system is repre-

sented by a paired

nerve-ganglion, whi cli

lies anteriorly, and

from which the nerves

to the different parts

of the body issue.

From the hinder end

of the brain, several

1ongi tudinal stems

arise, and are fre-

quently uuited by

delicate transverse commissures. Sometimes eyes are present, more

rarely auditory organs; they are situated anteriorly, are sunple

in structure, and small in size. The excretory apparatus is

in the form of a much branched system of thin-walled tubes, whicJi

Fig. 95. Kervous system

of Distomum (viewed from

the dorsal side, the ventral

suckers showing through), r

dorsal nerve, lateral nerve,

h ventral nerve, d digestive

tube, s anterior, s' posterior,

sucker —After Gaffron.

Fig. 9G. Part of the

excretory system of

a Flatworm ;
diagrammatic.

—Orig.
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usually open in tlie liind region of the body by a single or double

aperture : occasionally several openings are present. The principal

tube sometimes exhibits a contractile enlargement just in front of the

aperture (urinary bladder). The finest terminal branches of the

canal-system are especially characteristic ; each ends in a little cup-

shaped swelling, closed by a large cell (flame cell), which bears,

on the side turned towards the lumen of the tube, a very powerful

flagellum. Similar flame cells may also be found at other points in

the wall of the tube. The male and female genitalia (Fig. 99)

are usually present in the same individual, and rule, of a

very complicated structure; testes and ovaries are often present in

great numbers, and, besides these, various organs accessory to each

system, as also a uterus. The genital aperture is usually ventral.

Generally there is a copulatory organ.

Amongst the accessory sexual organs, the yolk-gland (vitellarium),

which, is of very common occuiTence, may be specially noticed. In it the

so-called yolk-cells ai'e formed, to lae enclosed with the orum in the egg
membranes, and to serve later as food for the embiyo. Shell-glands are

generally present; their secretion, when hard, forming the firm shell smToimding
the eggs of many forms.

A. Without anus or vascular system. Hennaphi-odite with compHcated
genitalia.

1. T u r b e 1 1 a r i a . As a rule free-living, surface ciliated, alimentary
canal generally present.

2. Trematoda. Parasites, without ciHa. Alimentary canal
present.

3. C e s t o d a . Parasites, without cilia. Alimentary canal always
absent. As a rule fomi chains.

Sepai'ate sexes. Genitalia simple.B. "With anus and vascular system.

4. Nemertina.

Class 1. Turbellaria.

The Turbellaria are animals of varying, but usually small, size.

The body is uniformly ciliate, which is important for locomotion
as well as for respiration ; some are active, many magnificently

Tig. 97. Longitudinal section through a TurbeUarian {Oycloporus pnpillosus), to show
the situation of the p h a r y n x

,
Of the organs caught in section only the gut is figaired.m mouth, p retracted pharynx, r dorsal papilla, s sucker, t gut

; ^ male, 2 female
aperture, enlarged.—Adapted from Lang.
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coloured. Sometimes uematocysts, like those of the Ccelentera are
found in the skin. Eyes in varying number, and sometimes
auditory organs, are present; there is frequently a pair of short
tentacles upon the front end, Avhilst the rest of the body is usually
bare

;
a little sucker i.s, however, often present on the ventral

surface. The mouth is ventral, sometimes

Fig-. 98. Fig. 99.

Fig. 98. Sketch of arhabdoccelous Turbellarian {Meso-
stomum splendidum) showing the digestiye tract da, and the
cerebral nerve mass c ; ge genital aperture, m mouth, s

pharynx. Enlarged.—After v. Graff.

Fig. 99. Sketch of a rhabdocoelous Turbellarian (Pro-

vortex affinis) with the genitalia, d yolk-sac, g glands in

connection with the male apparatus, ge genital aperture,

0 eye, or ovary, p penis, s pharynx (the gut is omitted),

t testis, V vas deferens. Enlarged.—After v. Graff.

near the anterior end,

sometimes in the mid-
dle, or again near the
hind end; it leads

into a buccal cavity,

which is often fur-

nished with a peculiar

retractile, muscular
pharynx. This is

a longer or shorter

canal, open at both
ends, and firmly at-

tached by one end
to the hind part of the

buccal cavity, whilst

the other end can be

everted through the

mouth to seize the

food. In other cases

the so-called pharynx
is simply a specially

muscular portion of

the walls of the buccal

cavity, and is not pro-

trusible. In a few

cases even this is

absent. The mouth
communicates with

the true gut, which,

whilst in others it is

Some forms (Acoela)

in some forms (Rhabdocoela), is a simple sac,

branched like the veins of a leaf (Dendrocoela)

,

have no digestive tract, even though the mouth is still present ; food

is taken in and digested in the soft parenchymatous tissue of the

body. The hermaphrodite genital apparatus opens on

the ventral side, either by a common aperture or by separate pores

for the male or female glands. In some members of the group,

reproduction by transverse fission occurs ; some marine

Turbellaria undergo a metamorphosis. The larva is free-

swimming, and is furnished with processes which do not appear in

the adult.
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The Turbellaria live in fresh-, or salt-water, or even on land i

damp places. Bj means of the ciliary movements, and by shgl:

movements of the body-muscles, they glide through the water an

Fig. 100. Fig- 101-

Fig. 100. Planaria ladea, a fresh-water Turbellarian, with everted pharynx.—After

0. Smidt.

Fig. 101. Larva of a marine Turbellarian, enlarged.—After Lang.

over any foreign objects found therein. They feed upon other

animals, e.g., small Crustacea, which are seized by the pharynx and

sucked out.

Both teiTestrial and fresh-water forms occiu- in England ; of the latter, species

of the gentis Planaria (branched gut) which sometimes attain a length of

2 c/m. (Fig. 100) are the best known. Many species are found in all seas.

Class 2. Trematoda.

The Trematodes, all of which are parasitic, are nearly allied

to the Turbellaria, diifering from them in that the superficial cilia^

of the larva are lost later
;
they are usually pale or inconspicuous in

colour. The body, which is of a firmer consistency than that of the

Turbellaria, is provided with a definite cuticle, which sometimes,

bears little spines, and is furnished with a varying number of small

suckers, sometimes also with chitinous hooks. These adhesive

organs are specially developed in ecto-parasitic forms. Eyes
are wanting in the internal parasites, whilst in the external ones

they are often present. The mouth is frequently situated at the

base of a sucker, and usually at the anterior end of the body. It

leads into a pharynx with muscular walls, which acts as a
pumping apparatus. The pharynx is continued into the true gut; this

is rarely a simple sac, more often* forking into two lateral branches.

* In the asexual generations of many forms the gut is, however, only a simple sac

;

in others it is entirely wanting. {Hee the description of Distomum hepaticum given
below).

L
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(Fig. 102), in

.fa

which in some forms give off more delicate branches
otliers are nubranched (Fig. 95). The genital openings ^re
nsually on the ventral side close together, and far forward. The
Trematodes are invariably hermaphrodite, but in some {see below)
female parthenogenetic generations occur.

The ectoparasitic forms pass through a
ciliated larval stage, during which they
swim freely in the water. The reproduc-
tion of most of the endo parasites is

far more complicated. The different gene-
rations alternate with one another, a her-

majDhrodite being followed by one or more
parthenogenetic generations, so that a
hoterogony occurs. A ciliated larva
hatches from the fertilised egg of the
hermaphrodite generation, migrates into a
lower animal, generally a Gastropod, and
there develops into an imperfect female,

within whose body the eggs are formed

;

an alimentary canal is wanting or occurs as

a simple sac. The eggs produced by this

generation develop without fertilisation in

the body of the parent, and these individuals,

in some forms, constitute the hermaphro-
dite generation, after they have been received into another host (a

Vertebrate) . In others, however, they form a second female (partheno-

genetic) generation, which then produces the hermaphrodites. These
are always far superior to the others in size and in complexity of

organisation, and in many forms they alone are known.

Fig. 102. Sketch of Liver-
fluke, showing alimentary
eanal X 2. anterior,

po-'terior sucker, ta gut.

—

After Thomas.

Order 1. PolystomeSB {Monofjenetu Trematodes).

Almost always ectoparasitic : with usually more than two suckers,

often possessing hooks : without heterogony. The majority are

parasitic upon Fish (skin and gills)

.

1. The genus Tristomum inchides large species (to almost 2 c/m long)

;

characterised by a very large sucker at the hind end, and two smaller ones

anteriorly
;
they are parasitic on many marine Fish.

2. Polystomum integerrivium (Fig. 105). lives in the urinaiy bladder of the

Fi'Og ;
anteriorly there are fom* eyes ;

posteriorly six large suckers, and a nimilxr

of hooks of different sizes. The eggs are laid in the spring, pass to the exterior

through the cloacal apertiu-e of the host, and develop in the water in the com-so

of some weeks. The lai-va is furnished with a ciliated girdle, witli eyes, and with

a circle of sixteen hooks upon a disc at the posterior end ; the sucker of the adult

is absent. The lai-va wanders into the gill cavity of the tadpole, where it loses the

cilia and develops one oi- two pairs of suckers ; it remains there until the gills of



Class 2. TremcUoda. Order 1. Polystomeca. 147

the host begin to ati-ophy, and then wanders (probably through the alimentary

canal of the Frog) into the \u-inai-y bladder, where its fm-ther development takes

place.

3. Diplozoon paradoxum, " the Double-animal," lives in the gills of diiferent

fresh-water Fish. The larva is fiu-nished with cilia, which atrophy after it has

attached itself to the giUs. The young parasite is an elongate animal with two

suckers in front and several behind ; there is, fm-ther, a median ventral sucker, and

Fig. 103. Diplozoon paradoxiom. A free-swimming larvae. B single individual.

€' two individuals which have begun to unite, the left has seized the dorsal papilla of the

right with its ventral sucker. D The same after fusion, each has seized the dorsal papilla

of the other, b ventral sucker, d gat, h adhesive apparatus of the posterior end, m mouth,

r dorsal papilla.—After ZeUer.

upon the dorsal side, just about opposite to this, a conical papilla. After some
time the young animals unite in pairs, in such a way that one seizes the dorsal

hump of another with its ventral sucker, and the latter turns round to clasp the

dorsal hump of the former in a similar manner, so that the animals are fastened

together cross-wise. They coalesce and remain attached tlu'oughout life. After

the fusion, the animal still grows considerably.

Order 2. DistomeaB [Bigenetic Trematodes).

Endoparasites witli one or two suckers, or wliolly destitute of

them : with a heterogony. The hermaphrodite generation occurs in

Vertebrates^ the parthenogenetic in lower animals.

1. Distomum hepaticum, the Liver-fluke. The hermaphi-odite generation
frequently occm-s in the bUe ducts, especially of Sheep and Cattle (more rarely of

other Mammalia)
;
length, 3 c/m. Besides the anterior sucker which simminds

the mouth, there is a small ventral one at some distance from it. The animal
feeds upon blood. The microscopic ova are can-ied by the bile into the digestive

tract of the host, and are conveyed thence to the exterior. If they faU into
water or some damp place, each hatches into a ciliated larva provided with two
eyes ; and a small papilla at the front end, by means of which it bores through
the skin of a particular species of fresh-water Snail, Limnneus truncaUdus ; if this
little Snail is not forthcoming, the lai-va perishes. In the Snail, the cihated
covering is lost, and numerous ova are formed in the small acoelous animal, the
sporocyst (fii-st asexual generation), dm-ing its gi-owth. The ova
hatch witliin the sporocyst, and each develops into a small animal, a redia
(second asexual generation), differing from the parent, in the poss3ssion

L 2



148 Platyhelminths.

of a phiii-ynx and a simple sac-shaped gut. The rediaj break thi-ough the
maternal Ijody-wall and wander about in the Snail, consuming its liver. In
these, eggs are again formed, which become "cere aria," with a branched
alimentai-y canal and a caudal appendage. They escape thi-ough an opening
in the maternal tissues, and later from the body of the Snail also. The cercai-ia
swims actively for some time in the water, then it attaches itself to some plant,
loses its tail, and secretes a mucous-substance which hardens into a cyst round
the body. If it be swallowed with the food by a Sheep or an Ox, the capsule

Fig. 104. Bistomum hepaticuvi. 1 newly hatched larva, t boring papilla, o e- e.

2 the same (young sporocyst of the first generation), after it has entered the snail and
lost its ciliated coat, k ovum. 3 adult sporocyst of the first generation. 4 redia of the
second generation. / Limb-like projection, Ti,— Tij cercarite developing within the redia,

k cercavia-embryo, m mouth, ia gut, v genital aperture. 5 cercaria, Ku glands, whose
secretion forms the capsule. — suckers, ta gut. All the figures are enlarged.—After
Thomas ; 4 slightly altered.

is dissolved by the gastric juice, and the young Trematode wanders into the

liver, where it attains sexual maturity (the hermaphrodite generation).
Encysted Liver-flukes are found not only on water, but also on land plants, for

the Snail frequently leaves the water and wanders about in the adjacent

meadows.

2. Leucochloridium paradoxum is a pai-thenogenetic trematode, parasitic in

Succinea amphibia, a Gastropod inhabiting damp places. This peculiar fomi has

the appearance of a sac with numerous branches, some of which attain a very

gi-eat development, forming thick, brightly colom-ed rods, which push their way

into the tentacles of the Snail, and expand them enormoiisly. Different insect-

eating Birds tear the " rods " out of the Snail, which may go on living with a ne\\

branch of the Leucochloridium in its tentacle. In the digestive tract of these
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Birds as also in tliat of vai-ious Marsh -bii-cls wMcli devom- the whole Snail, the

younc^ Trematodes contained in the " rods" undergo their complete development

and become the normal hermaphi-odite generation, which has been described

imder the name Distomum macrostomum.

Fig. 105. Fig. 106.

A B

Fig. 105. Polystomum integerrimum, from the central side, m Mouth, s sucker,

t gut.—After Zeller.

Fig. 106. A SnaU, with Leuchochloridium paradoxum in both tentacles. B the same,

taken out of the Snail. C Distomum macrostomum. p penis, Sj fore-, So hind-sucker, t gut.

A and B natural size, C X 20.—After Zeller.

Class 3. Cestoda {Ta^jetvorms).

The Cestoda differ from the Trematoda, with which they are

nearly related, in that they have no digestive tract, and almost

always form chains by budding.

A cestode chain consists, at first, of an asexual individual, the so-

called *^'head" (scolex), which is provided at the anterior end with

Fig. 107. TcBtiia mediocanellata, part of the chain, natural size.—After Leuckart.

suckers, hooks, or other organs of adhesion. Behind the head follows
a larger or smaller number of segments (proglottides), i.e., sexual
individuals of different developmental grades, and of different sizes,



150 Platyhelminths.

which are separated from one another by constrictions ; the segments
nearest to the head are the youngest, those farthest off, the oldest and
hirgest

;
new segments are constricted off from the hind part of the

head. When the development of the segments has gone so far that
they contain ripe eggs in large numbers, they separate from the
chain

;
in some cases, they break off at an earlier stage, and grow

independently; in others, they remain in connection. The number of
segments in a chain may increase from quite a few to many hundreds.*

The adult worm occurs exclusively in the gut of the Verte-
brata, to the wall of which it attaches itself by the organs of adhesion
on the head. It feeds by absorbing the contents of the gut through
the skin. The Tapeworm does not, however, spend its whole life in
the same place, or in the same host. At a younger stage, as a

Fig-. 108. Fig. 109 h. Fig. 110. Fig. 111.

Fig. 108. Six-hooked larva of T. solium.

Fig. 109. Proscolex of the same T^nia, with (a) inpushed, (6) evaginated
head.

Fig. 110. Ciliated larva of Bothriocephalus latus.

Fig. 111. Proscolex of above.
All figures enlarged.—After Leuckart.

proscolex, it lives in another host, and in a different part of the

body. It then often consists only of the head ; in other cases, of

the head and of a number of joints, which are, however, never
ripe. A second host now devours the first, and thus a transference

of the parasite occurs, and it attains sexual maturity. The tem-

porary host is usually infected by taking the eggs, (or the

segments containing eggs), which have passed from the permanent

host with the excreta, into its alimentary canal. Each egg contains

one larva, a small round organism provided with six hooks, which.

* According to the opinion put forward by many observers in recent times, the

Cestode chain is not a stock, b.ut is a single individual, with a great number of

gonads. But this view is contradicted by the fact that in some Cestoda, even after
separation, the segments are capable of growth, become ripe, copulate, and thereby

testify abimdantly to their independent individuality.
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after its shell is dissolved ,by the digestive fluids/ bores through

the wall of the gut and becomes a proscolex.

As regards their structure the Tapeworms are, excepting for the

absence of the alimentary canal, closely connected with the Trema-

todes. The genitalia are hermaphrodite, of a very complicated

nature ; in each segment, there is a separate genital apparatus, which

has no connection with those of the other segments. The genital

aperture is either on the ventra,l side of the segment, or on its margin.

T]ie parasitic genera, Amphilina (in the Sturgeon), and Caryophyllwus (in the

Carp), seem to be a transition towards the Trematodes, for tliey do not fonn

chains. The tinsegmented body contains biit one reproductive apparatus ;

like the rest of the Cestoda, they have no gut, and agree also with them in

certain special arrangements of the genitalia. Some other Tapeworms are like

the above-mentioned forms, in so far as they appear to be entirely unsegmented,

although they exhibit essentially difPerent arrangements, for an inner segmentation

is cleai-ly manifest in the multiplicity of the reproductive organs. Among-

such foi-ms, a separation of the reproductive individuals does not occur-, and a

chain of this kind may be compared with a Coral-colony, some of whose

polyps are in closer connection than usual. As an example of Cestodes;

showing this external continuity, but internal metamerism, the Strap-worm,
Ligula simpUcissiina, pai-asitic in the digestive tract of different Water-birds (in

Eish in the cystic stage), may be mentioned.

Most of the Tapeworms of. Mammalia and Aves belong to the-

genera, Tcenia and BotJiriocephaliis, chiefly to the former. Numbers-

of other genera are known particularly in Pisces.

1. Tcenia. The head is furnished -with a circle of foiu- suckers. TJpon the

middle of the anterior end there is, in many species, a cro-wn of recui-ved hooks,,

which may be numerous, and situated upon an elevation (rostellum) ; in. others,

however, the hooks may be entirely wanting. The ripe proglottis may be-

elongate or short and -wide ; it contains a branched uterus. The genital apertm-e

is usually at the edge of the segment. '

(a) T. solium lives in the alimentary canal of Man. The scolex -with a ,cro'WTi

of hooks, the. ripe- proglottides considei-ably longer than broad; the former about

as large as a pin's-head, the latter 5 m/m broad. The chain attains a length

of about 3 to 3J m. The ripe proglottides, and 'the thick-shelled eggs, con-

taining embryos pass otit -with the excreta. If they be eaten by a Pigl, the

egg-shell dissolves, and the six-hooked larva bores thi-ough the gut into the body^
where it usually takes up its abode in the muscles, more rarely in the heai-t

or brain; there it gi-ows considerably, and tiirns into a bladder-worm or

pi'oscolex (Cysticercus cellulosm), a cestode head of the same appearance as that
of the adult Tapeworm, but with an appendage behind in the form of a vesicle

the size of a pea, filled with -fluid, in which the head is invaginated. When it is-

taken into the digestive tract of Man, the bladder atrophies and the head develops
into the Cestode-chain. More rarely the proscolices are found in various other-

Mammals. They sometimes occm- in Man in places where they may prove fatal,,

in the brain, eye, or wall of the heart. Man, like the Pig, may occasionally
take in eggs containing embryos through the mouth.

'

[h) T. mediocanellata {=T. saginata, Letjck.), also found in the digestive i ract
of Man ; in most countries moi-e common than T. solium. The head without

* This shell is not an egg-shell in the usual acceptation of the term, but a
membrane secreted by the embryo. The "eggs" are, in reality, encysted embryos.
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rostellum, but with very powerful suckers. The branches of the utei-us are
more nvimerous than in T. solium, which this species usually resembles closely

;

it attains a length of 7—

8

m. The development as

before. The bladder-woi-m,

almost exclusively in the

muscles of Cattle, is very

much like that of T. solivm,

but a little smaller.

(c) T. ccenurus. With
crown of hooks ; in the

digestive tract of the dog;

1-m. long. The bladder-

worm {Ccenurus cerebralis),

lives in the brain of Sheep,

in which it induces gid-

diness. It becomes veiy

lai'ge (as large as a Hen's egg or more), and produces, by budding, numerous
scolices, so that there is a colony of Cestode-heads in the same vesicle.

(d) T. echinococcus. A very small Cestode (at most 5 m/m. long), with 3

—

i

proglottides ; in the alimentary canal of the Dog. The bladder, the Echinococcus,

in the liver and other organs of Cattle, Sheep, Pigs, and Man, often attains a

considerable size (that of a child's head or more), and is smTounded by a thick,

stratified cuticle. Many small heads, as in T. ccenurus, bud out from the

vesicle, but in T. echinococcus are always formed as little invaginations of

the wall (see Fig. 113 B), the so-called brood-capsules. The Echinococcus

occui-ring in Man—rare in most places, but common in Mecklenbm-g, Iceland,

and Australia—is distinguished by often attaining an enormous size, and by

having within the original bladder many smaller daughter vesicles (brood-

capsules), which exhibit the same structm-e as the foi-mer. The brood-capsiiles

seem to arise by a modification of heads which have broken free from the wall of

ihe parent bladder.

(e) T. cucumerina. '75 m. long. The head provided with a retractile

proboscis-like process, with several circles of hooks. Ripe proglottides oval.
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Yery common in tlie Dog and Cat, rare in Man (cliilcTi-en). The proscolex,

which has no bladder, lives in the Dog-lonse {Trichoclectes canis)
;
according to

modem opinions, in the Dog-flea also.

2. Bothriocephalus. The head with two long sucking gi-ooves, without trne

suckers and without hooks. The genital apei-tiu-es are on the ventral side of the

proglottides, which are always short and wide. Uterus an unbranched coiled

canal. B. latus, the broad TapewoiTQ of Man, common in the Russian Baltic

provinces, Finland, in W. Switzerland, though extremely rare in England,

attains a length of 8—9 m. The proscolex lives in the flesh of the Pike, and
other fresh-water Fish. It is long, without a bladder (1 c/m. long). How the Fish

are infected is not known. The eggs of the Tapeworm develop in water, the newly

hatched larvas are provided with a covering of cilia and within them the six hooks

are found as usual. It has not, however, been found possible to infect the

Fish with the larvae, so that it is conceivable that the worm lives fii'st in another

host. On the other hand, it has been shown by experiment that the Pike-

proscolex transfeiTcd to the digestive tract of Man (and the Dog) develops into

B. latus.

Class 4. Nemertinea {UliyndiocoBla)

I'he Nemertines rule, elongate, often even ribbon-like,

animals of considerable .>-ize. The skin is ciliated all over. At
the front end, on ea'ch side, is a slit-like, thickly-ciliate pit, a sense-

organ, which is also present in some Turbellarians
;

dorsally and
anteriorly there is usually a number of small eyes. Quite at the
front end of the animal there is an opening leading into a deep eversible

blind sac, the proboscis. At the bottom of the sac, there is, in

many forms, a pointed stylet, which, when the proboscis is everted,

lies on its tip
; frequently a poison gland opens close beside

it. In others the spine is not present, but the proboscis is furnished
with numerous nettle-cells. When retracted (Fig. 115 C) it is sur-

rounded by a muscular proboscis-sheath, and the space between
them is filled with fluid. The proboscis is everted by contractions of
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its sheath. A long muscle, the retractor, passes from its inverted

end to the sheath, and this pnlls in the everted organ {.see Fig. 115 D).

Its function is defensive and prehejisile ; it is not connected with

the digestive tract. This begins in front and ventrally (behind

the proboscis pore) in a slit-like mouth, and runs through the body-

as a canal, furnished usually with small lateral evaginations, and
opening in the a n u s at the posterior end.

A B 0 D

Tig. 115. A Sketch of a Nemertine, showing the nervous system, B do. with

blood vascular system, C ditto with gut and proboscis, D ditto frort end with everted

proboscis. Diagrammatic, a Anus, c ciliated groove, aa gut, g poison gland, I lateral vessel,

m retractor muscle, r probscis, ro proboscis opening, rs proboscis sheath, s lateral nerve

cord, t transverse vessel.—Orig.

The nervous system is very like the usual flatworm type; the

proboscis sheath passes between the cerebral commissures. From the

cerebral ganglion of either side arises a lateral nerve, running

backwards, and containing numerous nerve-cells; the two cords

are often connected by delicate transverse commissures, passing

above and below the alimentary canal, and from them many

nerves arise. The excretory organs are similar in structure

to those of other Flatworms. Besides the ciliated grooves and eyes
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already mentioned, there are auditory vesicles in a few forms.

In contrast to otlier Flatworms, the Nemertines possess a vascular

system, usually consisting of three principal longitudinal trunks,

two lateral, and one dorsal, which

come into relation with one

another anteriorly and pos-

teriorly, and are besides con-

nected by transverse vessels.

The blood flows from behind

forwards in the dorsal vessel,

from before backwards in the

lateral vessels ; it is colourless

or red. The Nemertines are

almost always of separate
sexes ; the sexual organs are

much simpler in structure than

those of other Platyhelminths.

Many ovaries or testes are

present, opening by one duct on the side of the body,

no accessory and no copulatory organs.

Some Nemei'tines undergo a metamorphosis, which is

aberrant, in that the principal part of the larval body atrophies.

The larva, which is sometimes of a peculiar form (Fig. 117) is free-

swimming.

Fig-. 116. Diagrammatic transverse section

of a NeTnertine. d Dorsal vessel, g gonad,
h skin, I gut, I lateral vessel, Im longitudinal

muscle, n lateral nerve cord, p proboscis, ps.

proboscis sheath, r circular muscle.

There are

B c

Fig. 117. Throe larval stages of a Nemertine ; the oldest larva (0) is the
so-called pilidium. c flagellum, g gastrula mouth, e and e' invagination of the skin, from
which a great part of the final Nemertine body arises ; m stomach, oe cesophagus.—After
MetschnikofE.
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.

The Nemertiues ai-o for the raost part marine, living usually at

the bottom of the sea. Some are fresh-water or terrestrial. They
feed upon other animals.

One form living in European seas, Linens longisaimus, sometimes attains

a length of 13 m., witli a breadth of 8 m/m. Most species are a few centi-

metres, some only a few millimetres long.

Appendix to the Platyhelminths.

Rotifera {Wheel Animalcules).

The Rotifers are usually microscopic creatures, which in size,

habitat, and mode of life resemble the Infusoria. The posterior part

of the body, the foot, is narrowed, separated from the trunk,
and provided with a pair of short appendages or with an adhesive

disc at the tip. At the anterior end, there is a more or less

well-developed (sometimes scalloped) trochus, the rotatory organ,
whose edge is beset with strong cilia. It serves two purposes ; in the

first ]Dlace it is of use in swimming, and secondly, by means of the

Fig. 118. A Diagram of the anatomy of a female Rotifer, lateral view. B the

male, a anus, c ganglion, ch contractile bladder, d yolk sac, ex excretory organ, 1, ovary,

TO stomach, o mouth, oc eye, r wheel organ, s pharynx, t testis, $ male aperture.—Ong.

(with assistance from Plate's figures).

currents set up by it, small particles are driven into the under-

lying mouth. The trunk, in some forms, is covered by a hard

chitinous shield, the lorica (a specialised thickening of the

cuticle covering the whole body), which maybe armed with spines.

In other cases both trunk and foot exhibit delicate constrictions

which simulate a segmentation, but there is never a corre-

sponding arrangement internally. The foot is often articulated

with the body, so that by its help the animal can crawl about like
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a leech. The mouth leads into a muscular pharynx, furnished

with several small jaws, which are continually being struck one

against the other. The digestive tract is usually short; and

simple, and the anus is generally dorsal, at the base of the

foot, though in some forms it is wanting. The nervous system

is of the flat-worm type, cerebral ganglia anteriorly with nerves

springing from them; one or two eyes are often present at the

front end. The excretory organs closely resemble those

of the Platyhelminths j there is a pair of principal tubes with

smaller branches, whose club-shaped terminal swellings are like

those of the Flat-worms. The principal ducts open, after having

united to form a contractile vesicle, into the hinder part of the

gut or cloaca. There is no vascular system. The Eotifera

are of separate sexes. In a few forms only are the sexes alike,

usually they are extraordinarily different ; the males are smaller than

the females, they are entirely destitute of a mouth, and the digestive

tract is rudimentary, so that they can take in no nourishment;

they live for only a few days
;
they have no lorica, even when the

female has one, and the trochus is small; they are le^s numerous than

the females, and in many genera were long unknown. The short

oviduct* opens, as a rule, into the cloaca; the vas deferens dorsally

at the base of the foot. The Eotifera lay two different kinds of

eggs, viz., thin-shelled, unfertilised summer eggs, which

develop parthenogenetically ; and the thick-shelled fertilised

winter eggs, which do not hatch until long after they are laid.

The young ones do not undergo a metamorphosis.

In a common fresli-water Rotifer, Hydatina senta, two kinds of females are

foimd. The one does not copulate and lays only siunmer eggs, which give rise

to females; the other is capable of copiilating, and when this takes place, lays

winter eggs, or if this does not occm-, summer eggs, which hatch into males.
Whether similar conditions obtain for other forms is stiU uncertain, although

probable.

Much doubt exists as to the systematic position of the Rotifers
;
they have

been sometimes placed with the Arthi-opoda, sometimes with the " Vermes."
Trom the facts which have lately come to light with regard to then- structure,

it is probable that they must have been derived from the Platyhelminths (see

especially the excretoiy apparatus).

The Rotifers are usually active and free-swimming, some, however,

are fixed. For the most part they live in fresh-water, a small number
in the sea. Some forms which occur in damp earth or on plants

(moss) can withstand complete desiccation, but this is not the case

with those living in water. A few are parasitic.

* The (iisually unpaired) ovary is connected with a yolk-gland which produces a
mass of yolk, to be absorbed by the ovum.



Phylum 4. Nemathelminthes {Roirnd-worms).

The two groups of tWs pliylum are so very different from one

another, that it is a matter of great doubt whether they should be

put together. Common to both groups are the elongate, cylindrical

body, and the muscular body-wall which encloses a well-defined

body-cavity. Cilia are absent. The sexes are always separate.

It is as yet impossible to say to which of tlie other phyla the Roimd-woims ai-e

most nearly allied. From what is known, np to the present, of their anatomy,

they seem to present no characteristic affinities with any other gi-oups.

Class 1. Nematoda {Thread-worms).

The smooth body is almost always elongate and cylindrical, often

filiform, and usually pointed at both ends. It is covered with a light,

thick, elastic, cuticle, beneath

which is a thin hypodermis, and

under this is a single layer of

muscle cells, of different shapes^

and often very large. The mus-

culature is, however, interrupted by

four so-called longitudinal areae,

ridges of the hypodermis, which

traverse the length of the body, one

in the mid-dorsal, one in the mid-

ventral line, and one on each side,

dividing the muscular sheath into four

longitudinal bands. Of the

four longitudinal areee, the lateral are

the best developed. The mouth is at

the front end of the body ; sometimes

a distinct buccal cavity lined Avitli a

stiff cuticle is present, but in most forms, this is not the case. The

rest of the digestive tract, which takes a straight course through the

r
I

Fig. 119. Transverse section of a

Nematode, diagi-aonmatic. h ventral,

i gut, e excretory organ, h skin, g

gonad, m muscle-cell, r dorsal area, s

lateral area.—Orig.
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body, is composed of three sections : a muscular cesopliagus, wliich acts

as aV™p, a peculiar intestine devoid of muscles, and a short

muscular rectum. The anus is on the ventral side, near the hind end

of the body. The central nervous system consists of a nerve-rmg,

provided with ganglion-cells, running round the oesophagus ;
several

nerves are given off from this, two of which are specially important,

one passing along the mid-dorsal, the other along the mid-ventral

line. The ventral nerve ends posteriorly in a small ganglion. As to

sense organs, the little tactile papillffi, which are always

present anteriorly and posteriorly (the latter especially in the males),

must be mentioned ; in some free-

living Nematodes, small eyes

have been found at the anterior

end. The excretory ap-

paratus seems to be represented

by a pair of delicate tubes, which

traverse the lateral areas, and open

anteriorly upon the under surface

in a common aperture. The

genitalia, in the female, con-

sist of two long, coiled tubes,

which open by a short common
duct, rather anteriorly upon the

ventral surface. Each canal con-

sists of two regions, not sharply

demarcated, the ovary and the

oviduct; the latter is frequently

much distended in the gravid

female, and serves as uterus, or as

brood-pouch for the numerous ova.

In the male, testis and vas deferens

are represented by a single, as a

rule, long coiled canal opening into

the rectum, which thus represents a cloaca. The canal exhibits

two parts, of which the vas deferens is the shorter and wider, the

testis the longer and thinner. The male is usually provided

with copulatory organs, one, or at most two, curved chitinous

needles, the so-called spicula, which lie in sacs opening

into the upper wall of the cloaca. In copulation, the spicula are

protruded through the anus and introduced into the female genital

aperture ; in some forms, the cloaca is everted at the same time (6'ee

below for the special arrangements in Trichina and Strongylus).

The female usually surpasses the male in size ; sometimes also,

other striking differences occur. The Nematodes, as a rule, lay

eggs enclosed in a thick shell
;
frequently the development is con-

siderably advanced when the egg is laid; not a few are viviparous.

Fig. 120. Hind end of a male
Nematode, longitudinal section. Dia-

grammatic, cl cloaca, d gut, m retractor

muscle of the spicule, s sheath of spicule,

w body-wall.—Orig.
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Tliere is usually no pronouncoci metamorphosis, altliougli the young
one sometimes dift'ors from the adult. Asexual reproduction does
not occur. Most Nematodes are parasitic; some, mostly small
forms, are, however, free-living, in fresh-water, damp earth, or in
the sea, some in decayed substances or living plants. Many 'of the
parasitic forms live in difPerent hosts, at different periods, or are free
for one period, parasitic for another. The habits of these animals
are of peculiar interest.

1. The Common Round -worm (Ascaris), often of considerable size
anteriorly tlu-ee prominent weU-developed lips, forming a conical projection
marked off from the rest of the body. The human Ascaris, A. lumbrieoides is
frequent in the small intestine, especially numerous in children, and then not
without danger

:
also in Pigs. It probably feeds upon intestinal mucus, not

upon blood. According to recent observations, infection is simply caused by the
ova, which pass out from the host with the excreta, chancing to enter the mouth.
On reaching the stomach the shell is dissolved by the gastric juice,* so that the
embryos 'are set free. The female may attain a length of 40 c/m., the male of
25 c/m., both are usually about half as long. A. mecjalocephala of the Horse is

somewhat larger than A. lumbrieoides ; A. mystax of the Cat and Dog is consider-
ably smaller, the female 12 c/m., the male 6 c/m., and is easily recognised by the
wing- or ridge-like fold of skin on either side of the anterior end.

2. The M a w - w o r m
( Oxyuris vermicularis) . With three rudimentary lips

;

at the anterior end, dorsal, and ventral longitudinal folds of skin. Female with
thin, pointed, elongate, spike-like hind-end, 1 c/m. long ; male without this " tail,"

smaller and less common than the female. Common in the large intestine of man
(especially children), feeding on its contents, often present in very lai-ge numbers,
and then causing serious suffering. Infection probably takes place in the same
way as with Ascaris. A much larger species (0. curvula) in the caecum of the
horse.

3. The Strongylidaj (genera Strongylus, Eustrongylus, Dochmius),
are especially characterised by the presence of a cup-shaped bm-sa, smTounding
the cloacal aperttu-e in the male, which serves as an organ of adhesion diu'ing

copulation, and is supported by radial rib-like thickenings (Fig. 123 A). Spicula

are also present as usual. Most of the Strongylidse are blood-suckers; the

mouth is large, and fm-nished with chitinous teeth or spines.

(a) Eustrongylus gigas, the female may be 1 m. long (12 m/m. thick), the

male "3 m. In the pelvis of the kidney {i.e., the anterior widened part of the

ureter) in the Dog, Otter, Seal, etc., very rare in Man. Life history unknown.
(b) Dochmius duodenalis (Fig. 123), the female may be 2 c/m. long, the male

1 c/m. Mouth with strong hooked teeth ; a very dangerous blood-sucking parasite,

living in the small intestine of Man. In the tropics and in warm climates (Brazil,

Egjrpt, Italy) ; also farther north, e.g., in some mining districts of Germany
(" Egyptian Chlorosis "). The ova leave the parent and its host, to undergo theh-

development in damp eai-th or quagmu-es, where the larvae liA'e for some time.

Then they encyst (the capsule has the elongate form of the animal, and is pro-

bably a loosened cuticle), and in this state are probably introduced with drinking-

water, or in some such way.

(c) Strongylus arviatus, the Palisade Worm (the latter name comes from

a row of chitinous spicules along the edge of the mouth), female to 5 c/m., male

2—3 c/m. Very frequent in the large intestine (especially in the caecum) of the

* The egg-shell, just as in most other intestinal parasites, cannot be dissolved in

the intestine, the ova must pass through the stomach for this to be effected.
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Fiff. 121. Fig. 122. Fig. 124.

B

Fig. 123.'

A B

Fig. 121. Intestinal-Trichina, A^,B (J After Leuckart.

Fig. 122. Muscle-Trichina lying in its capsule.—Orig.

Fig. 123. Dochmius duodeiialiii, A g .—After Leuckort.

Fig. 124. Filaria medinensis (Guinea-worm). Natural size.—After Lcuckart.
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Horse. In the yoimgest etage it is free and is probably swallowed by the Horse
with di-inking-water ; it lives at first? in ctertain ai-teries (especially in the anterior
mesenteric artery), which suffer, in consequence, a pathological cliauge (worm-
aneui-ism). Later it passes into the gut, and attains sexual maturity. How the
wanderings to and from the artery occur is not yet known. Neither the presence
of the worm in the artery nor in the gut seems to affect the health of the Horse
directly ; but a clot from the aneiu-ism may occasion a stoppage in the intestinal

vessel, and thereby a dangerous, often fatal, illness. Other Strongylida3 live in
various domestic animals, among them the dangerous S. filaria in the limg of
the Sheep.

4. TricJwcephalus dispar, very frequent in the large intestine, especially the
cajcum of Man, rare in England ; the front part of the body is dra\\Ti out to a
long, thin thi-ead, which bores into the mucous membrane of the gut

; may attain a
length of 5 c/m. The embryo develops within the egg-shejl in damp places or in

water, and is taken, still enclosed by the shell, into the digestive tract of the host,

where it hatches and undergoes fm-ther development.

. 5. The Trichina {Trichina spiralis). The body of the sexually mature
animal, the so-called Intestinal-trichina, is vei-y thin ; the female, 3 to

3'5 m/m., the male, 1'5 m/m., long; the female apei-tm-e lies far foi-ward ; the

hind end of the male, with two cones, cloaca eversible, sendng as a copulatorj'

organ
;
spicula wanting. In the matm-e state in the small intestine of Man and

other Mammals, especially in the Pig and the Rat. The Intestinal-trichina

produces a large nimil^er of microscopic lai-vae whilst within the gut of the host

(each female at least about 1500), which at once bore thi-ough the intestinal waU
into the body-cavity of the same host, and thence migi-ate into the muscles,

where each enters a muscle-fibre, causing it to swell up. The outer pai-t of the

swollen muscle-fibre hardens into a citron-shaped capsule round the yovmg
Trichina, which, meantime, has grown considerably (to 1 m/m. long), and now
lies spirally coiled in the piilpy mass filling the capsule ; the capsule, after

some months, is infiltrated with calcareous salts, and becomes hard and ©ijaque.

If an animal, which contains such encysted Muscle-trichina, is eaten by

another (in which the Trichina can live), the capsules are dissolved in the stomach,

the Trichinae are freed, pass to the intestine, and attain sexual matiu-ity in the

coiu-se of a few days. They then copulate, and within a week after their

entrance into a new host, the female intestinal form produces the fii-st embryos.

The female usually lives in the intestine only five or six weeks, and then dies

;

the adult male lives for a stiU shorter time. As Muscle-trichinae, they can,

however, live even several years; old forms often become calcified, and then

die. Man is infected by partaking of raw pork ; the Pig, by eating a Rat ; the

latter, probably, by devom-ing the sweepings of the slaughter-house, or a dead

comrade. Trichinosis is really caused by the wanderings of the young Trichina,

and by its first sojoru-n in the muscle;, when the wandering is over and the

Trichina is encysted, the symptoms of disease cease, but recovery is often very

gi-adual, and many cases terminate fatally.

6. The Threadworms (genus, Filaria, etc.) are very elongate animals,

li-vdng as a inle, in pai-ts of the host other than the gut, chiefly in connective

tissue. Amongst them are :

(a) The G u i n e a - or M e d i n a -w o rm (J'. [Dracunculus'] medinensis) living

in the connective tissue imder the skin or between the muscles of man ;
only,

however, in warm regions of the Old World. The female alone is Icuown
;

it

attains a length of 80 c/m. In the adult, the digestive tyact is atrophied, the anus

is absent, food is taken by absorption through the body-wall. The greater part

of the body-cavity is occupied by the enormous mouthless oviduct, in which there

are several miUion embryos. The iiritation produced by the pai-asite, causes

small abscesses through which the mature worais make their escape. The larva
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bores into a Cyclops in wliicli it undergoes cei-tain changes. In Man, infection is

probably the result of accidentally swallowing the Cyclops in drinking water.

(h) Filaria immitis (female to 25, male to 17 c/m), in the heart and hypo-

dermal connective tissue of the Dog ; the young forms in the blood. Common in

Eastern Asia, rare in Bm-ope. In the tropics the young Filarim are also found

in the blood of Man.

7. Mermis. FUiform aproctous Roimd-worms inhabiting various Insects,

out of which they finally bore into damp earth, where they become sexually

matui-e, copulate, and lay their eggs. The larva; bore then- way again into the

tissues of Insects. The genus Gordius, far removed in structtire from the

typical Nematoda, and living, in the adult state, in fresh water, presents a

similar, but more complex, life-history.

8. The Anguillidiii are a groiip of Nematodes, which are, for the most part,

very small, and usually free-living, occrn'ring in water, in different decaying

substances, or in living plants. As examples, the following may be mentioned

:

(ft) Tylenclms tritici, the Eel-worm. In grains of wheat there is sometimes

foimd a fibrous mass, which, upon closer examination, proves to be a number

of small dried-up Nematodes ; they are restored to

animation by moistening. ' "When such " ergots " are

soAvn with soimd grains, the Nematodes leave them and

moimt the growing wheat plants, upon which they may be

met with between the glumes ; later they bore into the

gi'ains, in which they become matru-e and lay their eggs.

The yotmg ones hatch from these and are found in the

ergots arising by modification of the gi-ains.

(b) Heterodera schacMii, another Eel-worm, produces

the so-called root-knot. The larva bores into the delicate

roots of the beet (and various other plants), and attains

matm-ity there. The ripe female, which is distinguished by
its short, citron-shaped form, pushes the hinder end of its

body out fi-om the root, causing the epidermis of the root

to split. The elongate male, on the other hand, bores

entu-ely out, and seeks the female for fei-tilization. The
impregnated female later (Fig. 125), by the degeneration of

the organs,becomes a brood pouch full of ova and larvae,and fiuaUy di-ops ofP the root.

(c) Anginllula aceti, the Yinegar worm, lives in soiu- paste and in vinegar.

Fig. 125. Hetero-

dera S chaclitii

.

Female fastened to a
root-fibre. Enlarged.

—Orig.

Class 2. Acanthocephala {Thorn-headed Worms).

Tlie body is cylindrical, elongate, often transversely wrinkled, and

fairly hard. There is an eversible process, the so-called proboscis,
at the anterior end, which is beset with many rows of backwardly
directed chitinous hooks j the rest of the body is usually smooth.

In the skin there is a peculiar vascular net-work, continued

into two long bodies (the lemnisci), which spring from the body-
wall, in the anterior region of the body-cavity. A digestive
tract is entirely wanting. Food is absorbed through the

surface, and the vascular system and the lemnisci probably carry the

nutritive fluid from the skin over the rest of the body. The nervous
system is represented by a ganglion lying in the forepart of the
body, at the base of the proboscis, from which nerves run backwards
and forwards. There are no sense organs. The Acanthocephala

M 2
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Fip. 127.

possess an excretory apparatus, similar to tliat of the

Platyhelminths, i.e., provided with the typical terminal branches. It

opens into the oviduct or vas deferens^. Ova are found free in the

body-cavity of the female in different stages of development
; only

one oviduct is present, which, although somewhat complicated in

structure, is, essentially, a canal open at both ends ; the ova enter by

the anterior opening : the posterior one is efferent, and opens at the

hind end of the body. The male is usually smaller than the female,

and possesses two testes; their efferent ducts unite to form a common
vas deferens, beset with glands, and oi^ening at the posterior end of

the body in a tolerably wide eversible bursa.

All the Acanthocephala belong to the one genus Echinorhynchus

;

they live, in the adult state, in the alimentary canal of Yertebrata,

with the proboscis

fixed in the mucous
membrane, and they

feed upon the contents

of the intestine. Their

development is

of interest. The eggs

of E. Proteus (one of

the forms whose life-

history is best known)

living in the gut of

different Fresh-water

Fish, escape with the

excreta of the Fish,

and are consumed by

a small Crustacean,

Gaviviarus pulex, in

whose alimentary

canal the elongate

larvas hatcht out.

The front end of the

larva is provided with a boring apparatus consisting of ten spines

(see Fig 127), by means of which it traverses the mtestmal wall

into the bodv-cavity of the Crustacean. Here it wanders about,

grows and gradually assumes the form of the adult. If the

Crustacean be eaten by a Fish, the parasite gets into the alimentary

canal and here attains sexual maturity. E. gigas, the female of which

may attain a length of 50 c/m. (the male only 9 c/m.), lives, m the

adult state, in the digestive tract of the Pig; as a larva, m the larvae

of the Rose-chafer {Cetonia cmrata) and other Lamellicornia.

* The excretory organs do not, as in the Flatworms, spread over the whole body.

I'^otwUl"^^^^^^ canal has a lateral opening through which

the\JnHpe eggs, taken up by the oviduct, pass again into the body-cavity, whilst

the ripe ones pass through the canal.

Fig. 126. Echinorhyrchus.—After Leuckart.

rig. 127. Larva of one of the Acanthocephala.—After

Kaiser.
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TL.e elongate, bilaterally-symmetrical body consists of a number oi'

somites or segments, which are separated externally by con-

strictions ; the segments resemble each other to a certain extent both

in their internal and external structure, although they are never all

identical, the first or several anterior segments and the last always

diiSering from the rest. Frequently, too, there are other differences,

but, even when these variations are considerable, certain common
features are always retained.

Fig. 128. Annelid seen from the side ;
diagram of alimentary canal, of the nervous

system, and the segmental organs, m mouth, a anus, c cerebral ganglion, b sub-oesophageal

ganglion, s segmental organ.—Orig.

The body is covered by a thin cuticle. The mouth is close

to the front end. The alimentary canal, consisting of several regions,

usually traverses the body without convolutions, although not in-

frequently it is provided with lateral evaginations ; the anus is at

the hind end. The central nervous system (Fig. 129) consists

of a paired cerebral ganglion above the anterior end of the

digestive tract, and two nerve cords passing from this round the

buccal cavity and then running close together below the alimentary

canal in the ventral body-wall. In each segment these nerves swell out

into a pair of ganglia ; the two ganglia of a segment are united by a

longer or shorter commissure. The cords often lie close to one another,

or are even fused, in which case the ganglia of each pair are united.

By fusion of several consecutive segments, the ganglia are aggregated

and even coalesced. From the cerebral and ventral ganglia nerves

go to the corresponding segments. As to sense organs, tactile

threads (tentacles, etc.) are often present, and also eyes: the latter,

which are usually few in number and simple in structure, are
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specially found on the anterior part of tlie body, but sometimes
also on otlier segments. Auditory
present. The vascular system

are more rarely

is usually very

vesicles
(Fig. 130)

well developed
; there

is, as a rule, a longi-

tudinal vessel on the

dorsal side, the dorsal
vessel, and a similar

one on the ventral side,

the ventral vessel;
these are united by
transverse vasculax*

arches. The dorsal

trunk, sometimes, also,

some of the transverse

vessels, is pulsatile, and
performs the functions

of a heart; the blood-

stream is from behind,

forwards in the dorsal

vessel; in the ventral

vessel in the opposite

direction. From these

trunks smaller branches

go to different parts, to

the gut, etc., also to the

gills when these are

present. The vascular

fluid is usually coloured

;

as a rule red, sometimes yellow or green. The vascular system in some
forms (Cheetopods) is completely se]3arated from the body-cavity
which contains a special colourless fluid. In other cases, e.g., in Leeches,

this system communicates with the body-cavity, which, moreover,

is here of small extent, and modified to form vascular sinuses."^

In certain Chsetopods the vascular system is entirely wanting.

Fig-. 129. Nervous system of different Cha;topods
{B Serpula, 0 Aphrodite). c cerebral ganglion, g
ventral ganglia, o eye.—After Quatrefages.

Fig. 130. Anterior end of an Annelid, with alimentary canal and vascular
'system figured. Diagrammatic, m mouth, r dorsal vessel, b ventral vessel, p pulsatile

transverse vessel.—Orig.

* The opinion has recently been advanced, that in Leeches there is no conimiinica-

tion between the vasciilar system and the spaces which represent the body-cavity.
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in most segments, tliere is a pair of segmental organs;

each is usually a tightly-coiled glandular canal, opening at one

end into tlie body-cavity by a ciliated funnel, and at the other,

ventro-laterally, to the exterior (in Chsetopoda, at the base of the

ventral parapodia) ; the outer region, near the external pore, is often

swollen into a vesicle. These are the excretory organs
(nephridia) of the Annelids,"^ but they often perform another function

in permitting the exit of ova and spermatozoa. The sexual
organs are very diversely arranged {see below) ; some Annelids are

of separate sexes, some are hermaphrodite.

Tlie Annelids in many respects come rather close to tlie JSTemer tines,

from whicli tliey are probably to be derived. If tbe two lateral nerve-cords

of tbe latter moved ventraUy and approached one another, and foi-med

swellings at the origins of the transverse nerves, the chief portions of the Annelid

nei-vons system woiild be represented. The dorsal vessel of the Nemei-tines

con-esponds entii'ely with that of the Annelids, the lateral vessels of the

Nemertines are imited to form the Annelid ventral vessel, and in both gi-onps

the arch-like transverse vessels are similar. Many Annelids possess two ciliated

gi-ooves coiTCsponding with those of the Nemertines. It is also of great interest

that many Annelid larvae ai'e fm-nished with a provisional excretory apparatus,

the so-caUed "head-kidney," provided, at least in many chsetopod

larvae, with closed end-branches, jnst as is the permanent excretory

appai'atiis of the Flatwonns, with which it indisputably coiTesponds. The
segmentation of the body, the peculiar segmental organs, the formation of a

body-cavity, etc., are, however, important points, distinguishing the Annelids

from all Flatwonns.

Class 1. Chsetopoda.

The body is divided by distinct constrictions into a large number
of segments. With the exception of the anterior and posterior

somites, each usually bears four so-called parapodia, two on
each side (Fig. 133). These are short processes of the body-wall of

different forms, each bearing a bundle of chitinous bristles (chsetffi),

which are sunk in deep saccular invaginations of the skin. The
chseta, which is a cuticular structure, is secreted by a large cell

at the bottom of the invagination. The bundle may be moved by
muscles attached to the lower ends of the chaeta-sacs. The chatge

are of various and often elegant shapes ; sometimes the outer moiety
is jointed upon the shaft-like part; the point is often hooked, or

the end may be pectinate. The cheetse may be so long as to look

like long thin hairs, or they may be very short. In very many
Chastopods, there is in each bundle of chgetae, a peculiarly developed
thick and stiff, often dark one, the aciculum, which is implanted

* In some Chistopods, the epithelial cells of the body-cavifcy also secrete waste
substances, which are probably taken up by the funnels of the nephridia and carried
to the exterior.
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much deeper than the others. Very frequently the two parapodia of
the ,same side are confluent, either for their whole length, or only

Fig. 131. Fig. 132.

Fig. 131. Diagrammatical section through the skin of a Chaetopod. c cuticle, ep
epidermis, ep' epidermal cell, which secretes the chaefca, 6, m muscle-sheath, m' muscle
of the lower end of the chseta-sac.—Orig.

Fig. 132. Anterior end of a Chaetopod (diagrammatic), h prostomiam, m oral segment,
with c the oral tentacles ; e the next segment.—Orig.

at the base, so that there appears to be only one on each side,

but each has still its own bundle of chaetas and its own aciculum. In

other cases, the upper parajDodium is rudimentary or entirely absent.

The parapodia may be lobed, large, and well-developed ; or they

A ^ C D

Fig. 133. Diagrammatic sections of different Chaetopods. In B the two parapodia

are confluent, in C the notopodium (with the exception of the cirrus) is rudimentary, in D
(Earth-worm) the parapodia are represented only by two bristles. a aciculum, g gOl,

c dorsal, c' ventral cirrus.—Orig.

are quite insignificant processes of the skin, or are merely repre-

sented by their chsetge, which then are planted directly in the
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Tbody-wall {e.g. in Earthworms). Very rarely the parapodia are

present without chsetdd; in some forms they are entirely absent

fro7n certain segments. There is often a dorsal and a ventral

cirrus, tentacle-like appendages, arising fi^om the upper side of the

dorsal parapodium (notopodium), and the under side of the ventral

parapodium (neuropodium) respectively. In some forms, the dorsal

cirri on some or all of the segments are large, and form lamellae or

elytra, covering the upper surface of the animal.

The two anterior segments differ from the others. The first seg-

ment, the prostomium, which overhangs the mouth, has no

parapodia, but a number (usually 1—9, in many tubicolous forms a

much larger number, in others none at all) of thread-like appendages,

the so-called palpi and tentacles. The second segment, the

peristomium, which usually bears the mouth, although sometimes

this is still further back, is provided with a rudimentary parapodium

on each side, carrying few chsette or none, but one or two well-

developed, forwardly directed cirri, the so-called tentacular
cirri. One or more of the ordinary segments may be fused with

the peristomium, which, like the prostomium, may be destitute of

appendages ; in this case, their parapodia and cirri more or less

resemble the oral appendages. Frequently the oral and following

somites are fused and are dijfficult to distinguish. The terminal seg-

ment is without chget^e, and is often furnished with two long processes,

the anal-cirri.
The integument is covered with a thin continuous cuticle,

but, in spite of this, is often ciliated over certain limited tracts. The

skin, with the underlying muscle-layer, forms a strong body-wall,

which encloses a spacious body-cavity, very often divided into a series

of compartments by transverse septa, corresponding to the con-

strictions between the segments. These septa, which are naturally

traversed by the alimentary canal, and the blood vessels, are also

perforated by holes to allow of the passage of the coelomic fluid.

Sometimes the septa are replaced by strands, which pass from the

body-wall to the alimentary canal.

The anterior region of the digestive tract is usually a muscular
pharynx, which may be everted like a proboscis. It is frequently

provided with chitinous teeth, or hooks, in larger or smaller

numbers. The rest of the alimentary canal is generally a straight tube,

with constrictions at places where it is encroached on by the body-
wall, more rarely it is coiled ; in some short forms (Sea-mouse) the

gut is furnished with a double row of casca. The anus is, as a rule,

situated at the posterior end of the body.

The eyes, which are, however, absent from many Chastopods,

belong to the type figured in Fig. 20, 5—6. They usually number from
two to four, and are situated on the prostomium ; in certain Tubicola3,

however, on its thread-like appendages; in a few other forms, on
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several of the body segments. One pair (or more) of auditory
vesicles is present in some {e.g., Lugworm), in the neighbourhood
of the cerebral ganglion.

In one division of the Chaetopods, gills of different forms, tufted,

pectinate, or filiform, are present on certain of the segments, one pair

to each somite. They occur on the dorsal surface, at the bases of the

notopodia. In many Tubicolae {e.g., Serptda) the prostomial threads

also serve as gills. Most of the Chtetopods, however, possess no
special respiratory apparatus.

The genital organs are very different in the Polychaeta
and Oligochseta, the two groups into which the Chaetopods are

divided. The former are almost always of separate sexes: ova
or spermatozoa are as a rule formed in a great number of segments

on the inner side of the body-wall, or on the septa, so that many
ovaries or ' testes are present, which, do not appear as well-defined

organs, but only as thickened spots in the wall ; the genital

products fall into the body-cavity, and pass out through the nephridia.

The OligochEeta are, on the other hand, hermaphrodite, and the

ovaries and testes, which are more defi^nite organs, are present in

only a few segments, one pair in each; there is always only one
pair of ovaries, one or two of testes. The Oligochseta are

further distinguished by having special oviducts and vasa deferentia,

which, like the nephridia, open into the body-cavity by ciliated

funnels; but there are also nephridia in these segments, so that

these canals cannot be homologous with segmental organs. Instead

of an oviduct, there is, in some forms, only a pair of slits in the

body-wall.

In the Earth-worms (Fig. 134) the speiniatozoa do not complete then- develop-

ment in the testis, but the cells from which they are foi-med break loose, and ai-e

received in a number of definite sacs (vesiculse seminales) which are situated

just within the body-wall and open by pores into the body-cavity. Here they

develop into spermatozoa. In some forms there is a similar receptacle for

the ova. In the Earthwoi-ms (and other Ohgochajta) there are, fm-ther, sacs

(spermathecse), which open on to the surface, not into the body-ca-\aty, and

dui-ing reciprocal copulation, receive spermatozoa from the other animal.

The nervous system, vascular system, and excre-

tory apparatus, have been referred to in the general account of

the Annelida.

The development of the Polychaeta is effected by a distinct

metamorphosis, which is not found in the Oligochieta. The

larvEe are free-swimming, and provided with cilia, which, in some

forms, extend evenly over the whole body; in others, constitute a

well-defined band on the often discoid anterior end, and frequently

a second ring at the posterior end ; or there may be a large number

of ciliated bands. The body of the larva is at first short, parapodia

are absent or present in small numbers ; it gradually attains a con-

siderable length, dividing into numerous segments provided with
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para-podia. Sometimes eyes and auditory organs, wliicli do not

occur in the adult, are present.

rig. 134.

Fig. 13i. Diagram of the reproductive apparatus of an Earth-worm ; the animal is--

dissected from the mid-dorsal line and spread out. 8—14, 8th to 14th bristle-bearing seg-

ments. 0 ovary, od oviduct, sh vesicula seminalis, sg spermatheca, t testis, vd vas deferens,

vd' its outer end, m receptaculum ovorum. The transverse lines represent the septa.—Orig..

Fig. 135. Larva of Nereis, a anus, m mouth, o eye.—After Gotte.

Asexual reproduction occurs in not a few members of

both groups. In some cases there is a simple transverse fission;

the animal divides into two nearly equal parts, the posterior of which

forms a new mouth, prostomium, etc., before the separation; whilst the

anterior produces a new hind end. In other cases budding
takes place ; the hindmost segment (or a number of posterior

segments) elongates and develops into a new individual, which then

separates from the parent. Sometimes before separation, the latter

begins to produce from its new posterior end, a second new individual

in front of the first formed : the process may be repeated, so that a

chain arises, consisting of a parent and several buds, of which the

hindmost is the oldest and longest, and that nearest the parent

is the youngest (Fig. 136). It will, however, easily be seen that a

sharp line cannot be drawn between the fission and budding of

Chsetopods; in both cases certain of the posterior segments of the-

original individual become a new individual ; in the former a large

number of somites pass over into the new animal, in the latter only
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i\ few, or a single one. In some forms it has been found that the
individuals which produce buds develop no genitalia, whilst these

are present in forms produced
by budding, so that a regular

alternation of genera-
tions occurs ; in other cases,

however, both kinds of indi-

viduals are sexual.

Most Chtetopods are marine,

and for the most part creep

about on, or burrow into, the soft

bottom * ; others (Oligochsetae)

live in like manner in fresh-

water or in damp earth
;
many

forms, which usually live on the

bottom, are yet able to swim
by serpentine movements. A
few are, however, truly pelagic,

and like other pelagic animals

are transparent and provided

with eyes, which for Annelids

are of enormous size. A con-

siderable number form tubes,
consisting of foreign particles,

mud, clay, sand, small stones,

fragments of gastropod or lamellibranch shells, or rhizopod shells

cemented together by the secretion of certain skin glands; the

iseparate particles are either irregularly united or neatly fitted into

one another like a mosaic. The glands often secrete a chitinous

tube, on which are plastered foreign bodies: in other forms the case

consists exclusively of the hardened secretion of the skin glands,

and is then either chitinous or calcareous. The tube increases in size

.as the growth of the animal advances : lines of growth may be clearly

discerned just as on a snail-shell. The tube is either fastened to

some foreign object or lies free
;

rarely the animal carries it about.

.Some Chaetopods, which are provided with strong pharyngeal teeth,

lead a predatory life, others feed on algee
;
many are mud and earth-

feeders, living on organic particles contained in mud, sand, or earth.

Fig. 136. Chain-forming- CliEetopod
{Myrianida fasciata), with very long dorsal
cirri.—After H. Mibie Edwards.

Order 1. PolychSBta.

The prostomium and the peristomium are usually furnished with

.appendages (cirri)
;

eyes are frequently present. The chfetae are

borne upon true parapodia frequently provided with cirri
;

gills may

* Some species can bore into rock, stone, or clay, but how they do it is not

understood.
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be present. Sexes separate (witli some exceptions). A metamorphosis..

Marine.

The following forms are given as examples of this very numerous-

group.

1. The Nereidse {Nereis) have a very elongate body. The prostomium is

fiu-nished with foiu- small eyes. Noto- and neiiro-podia fused
;
gills absent. The

protrnsible pharynx has a pair of hard chitinous jaws. One species of tliis

gemis {N. diversicolor) is common on English coasts, creeping, or swimming, or

boring into the sand.

2. The Polynoidse exhibit a form which, in comparison with that of other

Chgetopods, is usually very short and broad, and is especially distingoiished by

having on the dorsal side a varying number of large scale-like epidermal plates ;.

these plates ai-e modified dorsal cu-ri, and are only present on a few segments,

the others being provided with ch-ri of the ordinary form. Gills are want-

ing. Polyno'e squamata with rough, uneven dorsal plates; the Sea-moiise
(Aphrodite aculeata), has the dorsal scales covered with the very long felt-like

chcetae of the notopodia, foi-ming a felted mat over the back of the animal ; other

dorsal chsetse are thin hairs with a metallic lustre, and others again are stiff,

thick opaque spines. Both on English coasts.

3. The Lugworm (Arenicola piscatorum). Front pai-t of cylindrical body
swollen, skin rough. Prostomium and peristomium without appendages

; eyes

wanting. Noto- and nem'o-podia separate, shoi-t; the latter a low transverse

ridge with a few hooked chsetse standing from it; both without cu-ri. Gills

present only in the middle region of the body, but here well-developed. Para-

podia wanting on the hindmost tliii-d of the body. The proboscis Avithout teeth.

The Lugworm lives in the sand, bmTowing close to the shore ; it swallows the

sand for the sake of the contained organic particles, the excreta are deposited on
the shore, above the holes, as castings. Yery frequent on these coasts (used as

bait for fish).

4. The SerpuUdse (Serpula) live in fixed calcareous tubes, which are either

uregularly or spirally coiled. When undistiu-bed, the animal projects from
the tube a large number of long threads provided with a double row of delicate

lateral branches, which are arranged in two gi'oups on tjie prostomium. These
feather -like thi-eads are respiratory, and by means of theii- cilia di-ive micro-
scopic organisms into the mouth. One of the thi-eads is specially strong,

Avithout lateral branches, and with a calcareotis operculiun of varying foi-m at

the end. When the animal is iiTitated it withdi-aws the whole bunch of tlu-eads

into the tube, wliich it closes with the operculmn. At the anterior end of
the animal the notopodia ai-e provided with hair-like chsetae, the nem-opodia
Avith hooked chsetse, whilst the converse is the case on the gi-eater pai-t of the-

posterior extremity. Several species on sea-weeds, stones, etc., on English coasts..

Order 2. Oligochseta.

The prostomium and peristomium are almost always without ap-
pendages. The parapodia are represented only by bundles of chtetae

(quite a few in each bundle), no cirri
;

gills wanting. Hermaphrodite..
No metamorphosis.

The Oligochaata live with few exceptions in fresh water or in the
earth. Compared with the Polychasta there are few species.

1. E arthworms {Lumbricus) have elongate cylindrical bodies pointed
anteriorly. Each segnient is proAdded with four bundles of chaeta;, with only two-
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•chffite in each bundle. Eyes are absent. Just in front of the micldle is the
c 1 i t e 1 1 u m, a thickened region of skin, covering several segments, and containing
a large number of glands, whose mucous secretion holds the individuals together
during copulation, and possibly also forms the cocoon in which the eggs are laid.
In each cocoon there is generally a large number of eggs. The pharynx is not
eversible

;
jaws ai-e wanting. Earthworms of difPerent species live in cultivated

soil, in which they burrow, and upon which they feed. They consume dead vege-
table matter, also assisting its decomposition by drawing it into their holes and
pom-ing over it a salivary liquid. The excreta are deposited foi- the most pai-t at
the surface, whither the animal usually repairs only at night. In severe cold, as
in very great heat, the worm leaves the sm-face soil, and goes into the substrata

;

here the holes are long, usually perpendicular, and lined with an excreted
substance. There is generally an expansion at the bottom, where the animal
lies in a di-owsy condition, as much as 2 to 3 m. below the gi-ound. By these
habits, especially by devouring soil and replacing it on the sm-face in the form of
excreta, the Earthworm does more than any other animal to promote the natural
elaboration of the soil, and attains thereby a paramount importance in the economy
of natiu-e. When a place is deserted by Earthwoi-ms on account, e.g., of an
inadequate svipply of moistiu-e, the surface soil changes and assumes a diy tm-fy
character ; should tliis occm- in a forest, natui-al planting, by self-sowing, ceases,

and unless man interfere, the wood gradually becomes a moor.
2. The Naidae {Neds) are small (seldom more than 1 c/m. long), thin, and

transparent; there are usually two eyes on the prostomium. The chsetse of the
dorsal bundle are long and hair-like, those of the ventral bundle short and hooked.
Asexual reproduction is of frequent occurrence. The Naidse live amongst
the vegetation in fresh water. Tubifex rivulorum, a reddish worm, common in

fresh water, is related to Nais. It forms buiTOws in the mud, from which, so

long as it is undist\u-bed, the hinder part of its body protrudes in constant

motion. Often many specimens are found close together, so that the sm-face of

the mud seems to be coloured red in places ; at the slightest movement of the

water, the animals vnthdi-aw, and the red colom- vanishes.

Under the term Gephyrea is tisually included a number of vei-miform

animals, regarded as constituting a special class of the Annelids. When some
forms which have proved to be Molluscs, have been removed from the group, the

remainder are evidently aberrant, peciiliarly modified, Chaetopods.
Some still possess chaetse similar to those of the Chaetopods, but in small

numbers, and not arranged in bundles. External segmentation is in-

variably wanting ; instead of the double ventral ganglion chain, there is a single

stout nerve cord without ganglionic swellings ; it splits anteriorly into two

cords encircling the buccal-cavity, and uniting with the often very slightly

developed cerebral ganglion. The nephridia ai-e vei-y large, but few in

number, at most thi-ee pairs, often only one pan-, or a single one. They serve

as efferent ducts for the genital products which are formed on the walls of the

body-cavity. The sexes are separate ; a metamorphosis occurs similar to

that of the typical Chfetopod. It is significant that at an early stage, segmen-

tation of the body is sometimes indicated. Then- habits resemble those of the

majority of Chaetopoda
;
they are all marine. An interesting form, Bonellia

viridis, occurs in various Eiu-opean seas {e.g., the Mediterranean) ; the female
possesses at the front end of the short saccular body, a very long tentacle-like

prostomium, whose anterior end is forked (body, 5 c/m.
;
prostomiimi, 1—2 m.)

;

only two cha;ta3 are present, and one segmental organ. The pigmy male is

quite differently proportioned; it is 1—2 m/m. long, and like a Tm-beUarian.

imiformly ciliated, with neither mouth nor anus, and without prostomium : it

lives in the nephridium of the female.
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Class 2. DisCOphora {Leeches).

The body is always flattened with sliarjo lateral edges, rarely

cylindrical. The segments are externally divided, each into several

small annuli, by transverse furrows, so that the number of segments

appears many times greater than it is in reality (the same thing occurs

in some ChEetopods). Parapodia and chaet^ are always

wanting ; with few exceptions, no branchise are present. The

posterior end of the body is modified into a sucker ; around the mouth

there is also an adhesive disc, which in some is cup-shaped like the

hinder one, whilst in others, it consists of a long, jointed upper lip,

and a shorter underlip.

The digestive tract consists of three sections : the pharynx,

the crop, and the rectum. In one group, the Gnathobdellidse,

Fig. 137. Digestive tract, nervous system and excretory organs of a L e e c h in outline.

a anus, b diverticulum, c cerebral ganglion, e rectum, g sub-oesophageal ganglion, m sucker,

se nephidium.—After Leuckart.

the pharynx is muscular, and furnished in front vdth jaws,
three prominent, longitudinal, chitinous ridges, with teeth on

their sharp edges, which work like little saws to cut holes in

the skin of the prey, so that the fluids may be pumped out of its

body by the pharynx. In the other division, the RhyncobdellidEe, on

the other hand, a thin, muscular tube, the proboscis, is attached

to the end of the thin-walled pharynx. It may be stretched out from

the mouth and pointed, so as to bore through the integument of the

prey. The crop is a straight, wide tube, which is almost always

provided with a number of |)aired diverticula; the capacity of the

crop and its diverticula allows of the ingestion of a large amount of

food. The intestine is narrow, and opens dorsally above the sucker.

A number of eyes is always present upon the anterior end of the

animal; in some Fish-leeches on the hind margin of the posterior

sucker also.

The Leeches are always hermajDhrodite; they possess two long

or round ovaries, which open far forward on the ventral side in a

common efferent duct : albumen glands open into the oviduct. The
round testes are present in great numbers, 6—12 pairs, one pair in a

segment; on either side there is a long vas deferens, into which all the

testes of the same side open by short ducts : the two vasa deferentia
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finally unite and open by an unpaired aperture in front of the female
pore. The eggs are laid in chitinous capsules (cocoons), usually

several together, with a certain amount of
albumen. The capsules, which are formed by a
hardened secretion of the skin-glands, have either
a smooth surface, or are, as in the Medicinal
Leech, covered with a spongy case (hardened
frothy mucus). The young ones leave the cocoon
in the form of the adult.

Each egg is, of com-se, covered by an egg-membrane

:

the embryo of the GnathobdellidaR, where the eggs are
very small, soon bm-sts this covering, and lies free in the
albmnen, iipon which it feeds, and thus gi-ows rapidly.
It is in this stage very different from its later fonns, and
possesses several provisional organs (pharynx, muscles,
etc.), which atrophy, and are replaced by the pennanent
organs before it leaves the cocoon. The Gnathobdellidaj
may therefore be said to imdergo a metamorphosis
within the cocoon. In the RhynchobdeUidae, whose
eggs are larger, this does not occm-.

The Leeches, which, compared with the Chaeto-
poda, form a small group, are relatively well repre-

sented in fresh water ; still a considerable number
are marine. Some are terrestrial (in the tropics),

others frequently go on shore. They are predatory,

or are temporary parasites, sucking the blood of

larger animals ; some are stationary parasites. They
creep about in the well-known manner by means
of their suckers, but are also able to swim by
serpentine movements of the body.

1. Gnathobdellidx. "With jaws. Anterior adhesive

organ divided into an vipper and a lower hp. Eggs
small; the young ones imdergo a kind of metamorphosis -within the cocoon.

All fresh-water or ten-estrial.

(a) The Medicinal Leech (Hirudo inedicinalis), a fresh-water form,

varying in colotu", occm-ring in dilferent parts of Em-ope, and in England. Its

jaws are very strong and have pointed teeth. The dorsal siu-face is a gi-eenish-

gi-ey, with reddish longitudinal stripes, flecked with black : the ventral sm-face is

paler, but speckled. Ten eyes. The spongy egg-capsules are laid on land, in banks.

To tliis genus belongs the well-known East Indian Laud-leech (H. ceylonica).

Hasmopis vorax is allied to the Medicinal-leech, wliich it resembles in shape and
size. It is indigenous to S. Eiu-ope and N. Africa. It frequently enters the

nostrils, phar3rax, and throat of different Mammals -with drinking-water, and may
occasion serious inconvenience.

(6) The Horse-leech {Aulastommn gulo). Yery common in freshwater

in England, of a similar size to the Medicinal-leech. It is frequentty mistaken

for Hiemo'pis vorax. The jaws ai-e less de^^eloped than in the Medicinal-leech. It

attacks no Mammal, but lives on Earthworms and small aquatic animals. It is

gi-eenish-black above and yellowish-brown below. Ten eyes. The egg-capsules

are like those of the Medicinal-leech, and are laid on laud. Species of the genus

Nephelis are also frequently met with in fresh water; they ai-e shorter and

Fig. 138. Genital

apparatus of a Leech.
n ventral nerve cord,

o ovary, u oviduct,

t testis, vd vas defe-

rens, vs coiled part of

vd, g glands, p penis.

—After Spengel.
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naiTOwer, and possess only eight eyes and very weak rudimentary jaws
;

the

cocoons are smooth, and are fastened to water plants.

2. Bhynchobdellidw. With proboscis. Anterior organ of adhesion,

cup-shaped. Eggs large ; no metamorphosis. Fresh-water and marine.

(a) Clepsine, a small, flattened leech, ahnost as hard as cai-tilage, which is

frequently foimd in fresh water. The eggs, enclosed in a very thin cocoon, and

the young ones, are carried about on the underside of the body of the parent,

which then seems to be hollowed out like a cup.

(h) The Fish-leech (Piscicola), with cylindrical

body and bell-shaped sucker at both ends ; lives as a

parasite upon most species of marine fish. Nearly

related to this is the lai-ge Pontobdella muricata, with

lai-ge integumentary wai-ts ;
tipon Skates in the Noiih

Sea.

Note.—A little worm, parasitic tipon the Crayfish

(on the gills and elsewhere), Branchiobdella astaci, is

usually put with the Leeches. It approaches the Ohseto-

poda in some points, and by some authorities is counted

as one of this gi-oup. The body is cylindi-ical, the anterior

sucker indistinct ; it possesses two jaws and a gut without

divei-ticula. The conditions of the genitalia recall those

of the OHgochseta.

Class 3. Onychophora.

This division includes only the genus P e r i p a t u s

,

which may be regarded as a Chsetopod adapted for

teiTestrial life.

In external appearance the Peripatus species are

most like caterpillars. The body is elongate and
cylindrical, the segments not externally demarcated.

The skin is gi-anular, and delicately striated trans-

versely. At the anterior end there is a pair of ringed

tentacles (these appendages may be ringed also in the

Chsetopoda), and a paii* of simple eyes of the kind

shown in Pig. 20, 5. In the mouth there is a pair of jaw-

like masticatory organs. The rest of the body consists

of similai- segments, each of which bears a pair of

indistinctly jointed, stumpy limbs, ending in two
claws. ' The muscles are composed of smooth
muscle cells. The nervous system is characterised

by separation of the ventral cords, which are joined by
many dehcate transverse strands, whilst only feeble

swellings are present in each segment. The alimen-
tary canal is a straight tube ; the anus lies at the

posterior end of the body. The heart is dorsal, and is

a tube provided with lateral slits ; other vessels are

wanting. The respiratory organs consist of a
well-developed system of air -carrying tubes, which
ramify in the body and open iipon the surface in many
delicate, in-egularly-distributed, respiratory apertm-es. In most segments there
is a pair of segmental organs, similar to those of other Annelids: they

N

Fig. 139. Peripatus,

from the dorsal side.

—

After Balfour.
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open into the body-cavity by large funnels * and to the exterior by delicate
apertures at the bases of the limbs. The sexes are separate : the paired gonads
open at the posterior end. The species, as a whole, is vivipai-ous.

Eecently Peripatus has been very generally classed with the Ai-thropoda,
chiefly on account of the presence of the air-tubes mentioned above, which are
like the trachete of Insecta, and Myriapoda. But there are weighty facts for
the other side : the eyes are of the same kind as those of the Chijetopods, and
quite different from the Ai-thropod type ; a complete set of segmental organs is

never found elsewhere in the Artlu-opoda; in the Tracheata, indeed, they are
entu-ely wanting

;
also the character of the muscle cells is altogether opposed

to a relationship with the Ai-thropods which exhibit striated muscle fil)res.

Under the cii-cumstances it seems best to regard the air-tubes as merely
analogous with the tracheae, attributing then- presence to a ten-estrial life,

whilst they are {cf. Insecta) the cause of the degeneration of the vascular system.
The species of this group live exclusively in warm climates in both hemi-

spheres (W. Indies, Cape, and elsewhere), in damp places, in rotten wood, etc.

Appendix to the Annelida.

Eacli of the groujjs now to be discussed, tlie Polyzoa and the

Braohiopoda, occupies an isolated position in the Animal
Kingdom : it is doubtless therefore most correct to treat them as two
special phyla. They were formerly placed with the Mollusca, with

Avhich, however, they are not at all closely allied. From the most
recent researches, it seems that their nearest relatives—though even

these are sufficiently remote—are the Annelids, wherefore they are

taken in this connection.

Polyzoa (Moss-animals).

With a single exception, all the Polyzoa form colonies by
budding ; individual members attain to only a small size, but the

extent of the whole colony may be very considerable. The rather

short body of each zooid is usually divided into a fore and a

hind portion : the latter is covered with a firm, thick, some-

times spiny, chitinous investment, the ectocyst, which is often

calcified. The front part is, on the other hand, quite soft, and

bears at its anterior exti'emity, a wreath of long ciliated tentacles
(the 1 o p h o p h o r e) . In the great majority of forms, this is a simple

circle, but sometimes there is a large sinus on one side, which

gives it a kidney, or horseshoe, shape. The whole of the front part

can be withdrawn into the hinder part by means of a long muscle

(Fig. 142) . The wall of the front part is then introverted to form a

sheath round the retracted tentacles (tentacle-sheath) . In one

section of the marine Polyzoa (the Chilostoma) there is, at the anterior

* According to some accoimts the segmental organ ends in a closed, thin-walled

vesicle, not in a funnel.
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end of the chitinous case^ a movable, chitinised fold of the wall, which

acts as an operculum to the mouth of the tentacle-sheath, when

the soft part of the body is retracted. The ni o u t h is at the anterior

end in the midst of the circle of tentacles ; the anus lies at this end

B G

Fig. 140. A—B Diagrammatic longitudinal sections of a Polyzoon, A expanded,
B retracted, a anus, h hind-end, e rectum, / fore-end, I operculum, m stomach, n nerve
ganglion, o mouth, s oesophagus, t tentacle. The chitinous covering is indicated by a wide
black line, the soft wall of the body is shaded. C avicularia (diagrammatic), I oper-

culum, m its muscles, ta gut.—Orig.

also, not far from the mouth, and is usually just without, seldom

within, the lophophore. The alimentary canal is, therefore, in

the form of a loop ; it is made up of an oesophagus, a stomach

provided with a caecum, and a rectum. The food, consisting of

microscopic particles, is driven into the mouth by the cilia of the

tentacles. The central nervous system consists of a nerve

ganglion, which is situate on the side of the oesophagus near the anus,

and of a nerve-ring surrounding the oesophagus. Nerves from the

ganglion pass to the different parts of the body. Optic and auditory

organs are wanting ; so are a vascular system, and special respiratory

organs ; the lophophore is, however, doubtless of respiratory import-

ance. Excretory organs have hitherto been found in only a few
Polyzoa, in the form of two short canals, opening at one end into the

N 2
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body-cavity, and at the other, to the exterior by a common aperture
near the lophophore * The Polyzoa usually have a large body-cavity,'

filled with a liquid in which
amoeboid cells are found

;

it contains, besides the ali-

mentary canal, a cord, the

funiculus (Fig. 142),

stretching from the stomach
to the body-wall, upon which,
or upon the inner side of the

body-wall, ova and sperma-
tozoa appear, both, usually,

in the same individual
; special

sexual ducts are absent, the

genital products (or embryos)

pass out through holes in the

body-wall, or through the

excretory organs. Grenerally,

the fertilised ovum undergoes

its earliest development -uathin

the body of the parent, in

many marine forms, in a

special invagination of the

body-wall (ooecium)

.

Among the freshwater Poly-

Fig. 141. FlumateUapolymorpha,^ire,h-
reproduction is elfected by

water Polyzoon. Enlarged.—After Krapelin. means of stato blasts, as

well as by fertilised ova. The
statoblasts are small, discoid

bodies arising upon the funiculus by a peculiar process of budding. They ai-e

produced chiefly towards the end of the summer, and rest diu'ing the winter,

developing, in the next year, into a new colony. Each is provided with a hard
ornamental shell, in whose edge there are small ah- cavities. The new animal is

formed from a mass of cells within.

In many forms a very remarkable degeneration of the lophophore and
alimentary canal occm-s, constituting the so-called " browTi body," from which

these parts are, after a time, reconstructed.
The colonies formed by the Polyzoa are of very different

kinds. Some are much branched (Fig. 141), and either stand erect

from, or creep over, some foreign object; others are laminate, lying

upon the substratum or standing upright ; or they may be more

massive. The colony is almost always fixed ; a single freshwater form

{Gristatella) is free.

Amongst many of the Chilostoma, dimorphism, like that in the

Hydrozoa, occurs. Specially common among the ordinary individuals

* These canals do not seem to term excretory products themselves, but serve as

a means of exit for cells, loosened from the epithelium of the body-cavity, in whose

protoplasm certain nitrogenous waste products are secreted.
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are the so-called a v i c u 1 a r i a (Fig. 140 0), small individuals, destitute

(or with only rudiments) of tentacles, mouth, and digestive tract, but

with a large movable oper-

culum, which can open and

shut. The best developed

avicularia resemble crabs'

claws or birds' beaks, for

the tip of the operculum

is bent like a hook, and

bites upon an outgrowth of

the body. They seem to

be a kind of defensive

person, to catch the animals

crawling over the surface

of the colony. More rare

are the vibracula, also

small reduced persons,

whose operculum is deve-

loped into a long whip-

like process, which sweeps

over the surface of the

colony.

The Polyzoa undergo a

metamorphosis. There

is a free-swimming larva,

whose cilia are either evenly

distributed over the body,

or restricted to special

regions (ciliated ridges or

tufts) ; sometimes there is

a hard cuticle or shell upon part of the body, usually it is entirely

naked.

They are very numerous in all seas ; a few live in fresh water.

The fresh-water foims, which are fotmd on water plants, etc., generally hare a

horseshoe-shaped lophophore ; and foi-m a delicate branched colony, which is not
raised much above its support : but some species gi-ow erect, neighboui-ing

branches suppoz-ting one another reciprocally, and thus forming large clumps.

Amongst the marine forms are the Membraniporidse, which may often be seen

forming calcareous incmstations upon the sm*faces of all large sea-weeds.

mu — :

Fig. 142. Fresh-water Polyzoon, bi-

sected. Diagrammatic, a anus, e excretory aperture,

m mouth, mu muscle, n nerve ganglion, st statoblast

on the funiculus.—Orig.

Brachiopoda.

The body is generally enclosed within two calcareous, or rarely,

chitinous shells, somewhat like those of the Lamellibranchs, with which,

therefore, the Brachiopoda were in times past associated. As a matter

of fact the two groups are in no wise nearly related to one another.
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and that the presence of the shells does not denote a rehitionship is

evident from tlie circumstance that those of the Brachiopoda are
dorsal and ventral, whilst in the Lamellibranchs they are ritfht and
left.

^

d h lit

s on e

Fig. 143. Dia srammaiic longitudinal section ofaBrachiopod. fZ digestive tract,
e excretory organ, li heart, n nerve ganglion, o mouth, s shell, with the mantle lying within
it, st peduncle, t tentacle.— Orig.

Compared with the whole extent of the animal, the actual

body is of very small size, and very short. Two large mantle-
f olds, lining- the inside of the shell, spring from it. The shells
are secreted by the mantle, and are to be regarded as cuticular

structures. Unlike the Lamellibranch valves they are not connected
by a ligament ; but in some forms they are attached by a hinge
posteriorly. Chitinous bristles, implanted in pits in the skin

are often present along the edge of the mantle. From the posterior

end of the body there usually spiings a proces.s, the peduncle,
which projects from between the valves, or from a hole in the hinder

part of the dorsal shell : in some species it is longer than the rest

of the body, in others it is very short. Most of these animals are

fixed to foreign objects by means of the peduncle, but some are free.

In young Brachiopods a circle of tentacles surrounds the

mouth, but during development, an in-pushing of the wi'eath occurs,

which results in its becoming kidney- or horseshoe-shaped and

gradually both branches of the horseshoe are draAvn out into long

arms beset with a double row of tentacles : the arms ai'e usually

spirally coiled, and lie between the mantle-lobes; they serve as a

respiratory organ, and also waft food (minute organisms) into the

mouth with their cilia ; frequentl}^ they are supported internally by a

variously shaped [e.g., ribbon-like) calcareous structure, which is

connected with the dorsal valve. The alimentary canal may
be short or long

;
curiously enough, in most Brachiopods an anus is

wanting, when present it is on the right side of the body. There is

a well-developed live r. The central nervous s y s t e m is repre-

sented by a nerve-collar surrounding the oesophagus, swelling out on
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the underside into a gang-lion, from which the nerves proceed. There

are neither optic nor auditory organs. The vascular system is

well-developed ; a saccular heart lies above the digestive tract. The

excretory apparatus consists of one or two pairs of tubular

organs which open at one end into the body-cavity by a ciliated

funnel, and to the surface at the other exhibiting a great re-

semblance to the segmental organs of the Annelids. They

serve, at the same time, as a means of exit for the genital products,

which are formed on the wall of the body-cavity. The Brachiopoda

are of separate sexes.

The ciliated larva swims Tig. 144.

about freely. Its body is some-

times divided (Fig. 144) by

constrictions into segment-

like sections. Eyes may be

present at the front end, and

provisional bundles of bristles

(Fig. 145) behind. {Cf. the

ChEetopods).

The Brachiopoda are ex-

clusively marine
;

they are

as numerous in warm as in

cold seas ; there are, however,

but few species. They were

very numerous in early times,

and are known from the Cambrian formations. They were well

represented in the Silurian, the Devonian, and the Jurassic.

As examples may be cited : Terebratula, living as well as fossil, dorsal and
ventral shells convex, the former di'awn out into a beak-like process, pierced by
an apertm-e for the shoi-t pedimcle, by which the animal attaches itself to

stones, etc. ; in other similar forms there is a notch at the same place. Dorsal

valve with a loop-like brachial skeleton. Lingula, extant and fossil, two thin, flat,

homy, almost equal, hingeless shells
;
peduncle very long, sm-rounded by a sandy

tube.

Figs. 144 and
Braciiiopods. — After

Kowalevsky.

145. Larvae
Lacaze - Duthiers
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The hody is divided into a number of segments demarcated
externally by constrictions, and provided with jointed limbs,
which constitute efficient locomotor organs : it resembles, therefore,
the Annelid body in the former respect, but differs in the latter.

Moreover, there is a greater dissimilarity in the formation of the
body segments than in the Annelids; among the Arthropoda, the
body (exclusive of the head), is usually divided into two or more
regions, which are distinguished by a special modification of the
constituent segments, and the individual segments of each region
often differ considerably from one another. This dissimilarity is

manifest both externally and internally. Furthermore, the limits

between certain of the somites are often obliterated so that they
come to be more or less intimately united to form a compound
structure, tbe origin of which can only be made out from a comparison
with other forms, or from a study of the development. The most
anterior region of the body, the head, is always composed of several

fused segments ; some of the appendages thus brought together serve

for feeding, and are called mouth-parts ; there are usually, also, one

or two pairs of feelers or antennae.
In the majority of Aj-tlu-opods, tlu-ee pairs of moutli-pai-ts ai-e present ; the

fii'st are the mandibles, usually strong hard-biting organs ; the second and
third are known respectively as the first and second m a x i 1 1 se ; they are

almost always more feebly developed than the mandibles. These three paii-s may
be aiigumented by others called maxillipeds, when more segments are

included in the head.

As in the Annelids again, the body, with its appendages, is

invested by a cuticle, secreted by the epidermis. It differs in an

apparently trifling, but in its results very important, respect from that

of the Annelids ; for it is usually of a much greater thickness
and hardness than in these, forming as it were an armour for

the body, an exoskeleton. Only at the constrictions between

the segments, both of the body proper and of the limbs, does it retain
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a certain tliinness, so that movement can take place at these pomts.

All Arthropods moult* periodically, at least, as long as growth

continues; the cuticle loosens from the underlying tissue, breaks

at some point, and is cast off as a whole {i.e., the animal creeps

out of it) after the epidermis has secreted a new cuticle. This is

thin and soft at first, but becomes thick and hard later. Such

periodic ecdyses are indispensable

for growth, for the stiff, un-

yielding cuticle allows only of very

slight increase in the size of the

body. The growth of the animal

would therefore cease, if the sur-

rounding case were not now and

again thrown off and replaced by

a new and roomier one. Upon

the body, there are larger or

smaller tracts of setae, evagina-

tions of the cuticle, each containing

a process of the soft epidermis;

the cuticle at the base of the hair

is thinner, so that it can move
about. The cuticle consists of

chit in, an organic substance^ of

a horny appearance, chemically

however, quite different from horn.

Lime salts, principally carbonate

of lime, are often deposited in the

chitin, especially in the Crustacea.

The skin is never ciliate among
the Arthropoda, nor indeed is any other organ; in fact ciliated

cells are entirely absent.

The muscular system is closely connected with the skin

;

the formation of a segmented exoskeleton, however, necessitates

important deviations, from the Annelid type. Instead of a

continuous musculature beneath the skin, there is usually a large

number of separate muscles passing from one segment to another,

and attached by their extremities to the inner side of the skin :

by their contraction the segTuents of the body, as also the

joints of the appendages, move upon one another. The muscles

are often connected by the so-called tendons, which, in the

Arthropods, always consists of invaginations of the cuticle, sur-

rounded of course by a corresponding invagination of the epidermis

Fig. 146. Section through a hair and
the adjacent skin of an Arthropod ; dia-

grammatic, c cuticle, d thin part at the exit

of the hair h
;
ep epidermis.—Orig.

* In many (all ?) Annelids {e.g.. Leeches) and in Nematodes, a similar ecdysis
occurs.
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(Fig. 148). They ai-e thrown off with the rest of the cuticle at
each moult and renewed. The muscular tissue of the Arthropods
consists of striated^ multinucleate muscle fibres.

I'ig- 147. Fig. U8.

Fig. 147. The last four joints of an arthropod limb with their muscles : diagrammatic.
I articulation, B and b flexors, S and s extensors, a places where two joints touch one
another, and the articular membrane is very narrow ; 1 terminal, 2 penultimate joint, etc.

—Orig.

Pig. 148. Longitudinal section through a joint of an Arthropod : diagrammatic,
c cuticle, ep epidermis, I articular membrane, M muscle, o opening of the tendon to which
the muscle is attached.—Orig.

Tlie nervous system agrees closely with that of the Annelids.

Just as in these animals there is a pair of ventral ganglia in each

segment, connected with those of the adjacent segments by a double

nerve cord. From the most anterior of these ganglia spring two nerve

cords, which run round the oesophagus to unite with a paired

ganglion mass, the cerebral ganglion, lying in the head. This

often attains to a very considerable size, which is correlated, amongst

other things, with the develoijment of certain sense organs, situate on

the head, the compound eyes. The ventral ganglia often exhibit

remarkable differences from those of the Annelids, differences which

are due to the above-mentioned dissimilarity in the formation of the

segments and their grouping into different I'egions. In well-developed

segments for example the ganglia are large, whilst a fusiou of many

segments is accompanied by a fusion of their ganglia. In some cases,
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indeed, all the ventral ganglia may unite into a single unsegmented

mass; this is always accompanied by the shortening of the body,

as in Crabs. Sometimes ganglia are shifted during

development, so that those belonging to one segment

move further forward ; but the nerves arising from

such a pair are distributed to the segment to which

they properly belong. The members of a pair are

united by a commissure, which is almost always short,

often so short that they appear to be fused; this

is often the case, also, with the connectives of

consecutive pairs.

Sense organs. The formation of a cuticular

skeleton results in the restriction of the sense of touch

to certain spots on the surface of the body. In

particular many setae become tactile; beneath the

epidermis lie one or more sensory cells, each of

which sends a filiform process into the seta from one

end, and a nerve fibre from the other end, to the

central nervous system. Hairs, jorovided with a thin

cuticle, and occurring upon the first antennge of

Crustacea, act as olfactory organs; so also do

the peg-shaped processes upon the antennee of Insects

{see p. 19) : like the tactile structures, they are con-

nected with sensory cells. Auditory organs
are found in many Crustacea, and in some Insects

;

these will be considered in the several groups. Optic
organs, which reach such a high stage 'of de-

velopment among the Arthropoda, appear in two

forms; as simple eyes, or ocelli, and as compound
eyes. The most important points in the structure

of these eyes have already been noticed in the Greneral

Part, pp. 21, 22. In most of these animals there is a

pair of compound eyes, as well as several ocelli, but

in others ocelli only are developed.

The digestive tract usually runs through

the body as a tolerably straight tube ; the mouth is at

the anterior end, and is usually ventral; the anus

is posterior. Salivary glands and a liver may or may not be present.

Vascular system. The heart, which is usually tubular,

corresponds to the dorsal vessel of the Annelids, and is found on
the dorsal side, above the digestive tract. It is furnished with venous
ostia, generally several pairs, through which the blood enters the

heart from the surrounding blood-space, the pericardium: the

pericardium receives the blood from the gills (lungs) Avhen such are

present, or from the body. In other respects, the vascular system of

Fig. 149. Ner-
vous system of

Gamma r us.
c brain, o eye,

a first abdominal
ganglia, I first

thoracic ganglia.

—After Sars.
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different Arthropods presents very considerable variations, whicli will
be dealt with later; in a few forms (Acarines, small Crustacea), it

is entirely wanting. The blood is usually a colourless fluid, with
colourless, amoeboid blood corpuscles.

From some small Crustacea respiratory organs are entirely
absent; generally, however, there are either gills, or peculiar air-

breathing organs {See special classes).

Excretory organs. The segmental o r g a n s , familiar
in the Chaetopods, occur again in one division of the Arthropods, but
reduced to a small number, two pairs ; the antennary and shell

a n d s of Crustacea (see this group) are modified segmental
organs. In Insecta, Myriapoda, and Arachnida there is, on the other
hand, no trace of such structures

;
instead, they possess the so-called

Malpighian tubes, long glandular canals, which open into the
hind gut and perform an excretory function.

Genitalia. The Arthropoda are, with few excei^tions, of

separate sexes: the male and the female glands closely resemble
one another. There is never more than one pair of genital glands,

and this is frequently united or even fused to form an unpaired
organ. From each gonad springs a duct (the oviduct or vas deferens),

which opens on the ventral side, always in front of the anus ; the

ducts are frequently united for the last part of their course, and then
there is only one aperture. Even when the glands are connected or

fused there are generally two ducts.

Class 1. Crustacea.

The head is never sharply marked off from the rest of the body
(as is the case among Insecta, for example), but some of the thoracic

segments are usually fused with it. It bears, besides the eyes, which

will be dealt with later, two pairs of a n t e n n se (the antennulse
and the a n t e n n se

)
, and three iDairs of jaws, the mandibles and

the first and second maxilla. The antenna are usually elon-

gate, whip-like appendages, consisting of a short, jointed, basal piece,

or peduncle, and a long, flexible end-piece, composed of many
joints ; or the peduncle may bear two such filaments. The most

important part of the mandibles is a hard, unsegmented, basal

piece, the true mandible, which is provided, as a rule, on the inner

side with a sharp dentate edge, and often mth a rough, grinding

surface. The sharp edge, as well as the grinding surface, works against

the corresponding parts of the other mandible. The basal part often

bears a smaller jointed appendage, a "palp." The other pairs of

jaws are not nearly as strong as the mandibles : they are lamellate,

and the inner edge is divided into several lobes, beset with stiff setaa

;
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they also often possess a small end-piece, a palp. The rest of the

body bears a varying number of limbs, arising on the ventral

side, one pair to each segment. The terminal segment is frequently

apodous, so also may be some of the others. In rare instances all

these appendages are almost or quite identical, but usually those of

the different segments are more or less dissimilar. Frequently, for

instance, the foremost are nutritive in function, and are correspondingly

modified, and are then called m a x i 1 1 i p e d s ; the hindmost may be

smmming organs, whilst others, again, are ambulatory. The limbs

are, in short, highly specialised in form and function.

It is, however, possible to reduce all the limbs to a common
type, not only those which belong to the trunk, but also those of the

head, i.e., the second antennfe,* and the three pairs of jaws. A typical

crustacean limb consists of

the following parts: (1) a ^ ^

main stem or endopod,
composed of a number of

joints, and constituting the

chief part of the limb
; (2)

an outer branch or e x o -

pod springing from the

second jointof the endopod;

unjointed, or at least not

divided into special pieces

moving upon one another

;

usually flat, and provided

with marginal set£e
; (3) an

e p i p o d arising from the

basal joint of the endo-

pod, always unsegmented,

usually sparsely setose, thin

skinned, and as a rule subserving respiration. Bxopod or epipod,t

or both, may be absent, so that the limb consists of the endopod only;

and even this may be more or less degenerate. On the other hand

certain joints of the endopod may be specially well-develo]3ed, as,

for instance, the basal joint of the mandible. J The exopod may be

flat or round, curled or uncurled, etc.

Among other cephalic structures must be noticed the carapace
(or shell), a backwardly-directed, mantle-like fold, arising from the

Fig. 150. Example of typical crustacean
limbs. A thoracic limb of Nebalia. B last maxil-

liped of a larval Prawn. 1—7 joints of the stalk.

ex exopod, ep epipod. Enlarged.—Orig.

* The first antennae, though often called limbs, do not agree with the rest of the
appendages, btit exhibit peculiar relations (the exopod is always absent from the
second joint, etc.) ; like the eye-stalks they are to be regarded as special appendages,
which function as the supi^orts of special sense organs (olfactory and auditory).

t The epipod is always absent from the appendages of the head.

X The true functional mandible is merely the basal joint developed as a cutting or
grinding organ ; its jointed appendage, the palp, represents the rest of the endopod.
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liind part of tlie head, and covering a greater or less part of the body.
It is frequently concrescent with the thorax along the rnid-dorsal line.

Sometimes the mid-line of the shell is softer than the rest, so that it is

divided into two movable halves, which surround the body like a

ABC D
Fig. 151. Limbs of different Crustacea ; the exopod is dotted. J. swimming leg of

Branchipus. B swimming leg ofaCopepod. C second masilla of a Decapod.
D mandible of a Copepod. s endopod, 1, 2, 3 its joints, p palp, ep epipod.—Orig.

lamellibranch shell. The outer surface of the shell is usually covered

with a thick, hard cuticle, so that it forms a really protective covering

;

the inner surface, is, on the other hand, softer. The carapace is very

characteristic of the Crustacea, although it is absent from many forms.

The cuticle covering the body is often of a considei-able thick-

ness and hardness, the chitin always containing lime salts (carbonate

of lime) in varying quantity.

The olfactory organs are situated on the antennules, the

function appearing to be restricted to long, soft, thread-like setae.

Auditory organs are known only in some Malacostraca {see

Mysidee, DecajDoda) . Optic organs may be represented either by

the naupli US-eye, consisting of a single eye-spot in the median

line of the head, or of a small group of them, or by a pair of large

compound eyes on the sides of the head, often placed upon movable

or immovable stalks. In some forms both median and paired eyes are

present, in some only the former, in many only the latter. In numerous

cases the nauplius-eye is present in the larva, but atrophies later.

The digestive tract begins anteriorly on the ventral surface

of the head, in a mouth opening between the mandibles. It is often

bounded before and behind by projecting folds of skin, the upper,
or the under lip. The alimentary canal is a straight tube, which

opens upon the terminal segment of the body. A liver is usually

present.

Respiratory organs. The Crustacea, for the most part,

breathe the oxygen dissolved in water. In many, particularly in

small thin-skinned forms, special respiratory organs are wanting;

then the whole surface of the body, or the greater part of it, performs
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this function. In others, again, certain parts of the body are specially

developed as gills. Sometimes the thin-skinned inner side of the

carapace serves as a breathing apparatus ; in other cases, the

flattened epipod, or some other part of the limb, acts as a gill ; in yet

others, the gills are special, usually branched, appendages, springing-

from the limbs or from the side of the body. These true gills,

which are usually characterised by the possession of a close and

delicate vascular network, may be supplemented by either the whole,

or a part, of the surface of the body.

Some of the terrestrial Crustacea breatlie atmospheric au-, and here, peculiar

i-espiratory organs are sometimes developed. This is, e.g., the case in Birgus

latro, an East Indian form related to the Hermit-crab ; the gills ai'e very small,,

but the branchial-ca^dty, enclosed by the sides of the carapace, serves as an

aii'-breatliing organ, and is, therefore, j)rovided with large vascular excre-

scences of the sm-face, arising from the inner side of the carapace. In a true

hermit-crab, Coenobita, the soft skin of the abdomen serves as a respii-atoiy

organ, and is fm-nished with a vascular network for this pm-pose. In some
teiTCstrial Isopods the abdominal limbs have branched invaginations of the skin

which take in air and serve as breathing apparatus.

The vascular system exhibits a variety of modifications. In

some forms, it is represented only by the heart, which drives the

blood into the spaces between the organs ; in a few cases, even
this is wanting. A poorly-developed vascular system is usually

correlated with a small body, and with the absence of special

respiratory organs. When these are present, there is, as a rule, a

Fig. 152. Vascular system of the Lobster, diagrammatic; the vessels which
carry arterial blood, light, the others, dark ; the arrows indicate the direction of the blood
stream, (j gills, h heart, j) pericardium, v venous sinus, v' vessel thence to the gill, o' from
the giU to the heart.—After Gegenbaur.

better-developed system, and definite vessels, although these may
fail in many parts of the body, so that the blood flows in the
spaces between the organs ; the vascular system is consequently not
entirely closed. The circulation in gill-bearing Crustacea is as
follows {see Fig. 152) : The blood is driven from the heart, through
more or less perfect arteries into the different parts of the body ; after
It has received carbon-dioxide, and given up oxygen here, it collects.
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in large blood reservoirs, whence it is passed on to the gills. After
receiving fresh supplies of oxygen, it travels through special vessels

to the pericardium, enters the heart through the ostia, and then

recommences the circulation.

Excretory organs. Two pairs of tubular organs, probably

representing the segmental organs of the Annelids, are found in the

Crustacea. The inner opening is wanting; they are usually of con-

siderable size and much coiled. The foremost pair, the anteunary-
glands, open on the basal joints of the second antennae; the

second, the shell-glands,* at the base of the second maxilla.

Both pairs are seldom developed in the same animal
; frequently one

pair is present, and atrophies later, when the other is formed.! Often

both are absent.

The great majority of Crustacea are of separate sexes. The
genital organs open ventrally, as a rule at a considerable distance

from the posterior end, and usually by two distinct openings. The
apertures of the oviducts are, in many forms, further forwards than

those of the vasa deferentia. Not infrequently, jj^i'thenogenesis
occurs {see Brancliipus, Ajpus, the Daphnids).

The development of the Crustacea is usually connected

with a very distinct metamorphosis, for the young one,

when it leaves the egg,

is essentially different

from the 'adult. The
difference depends,

amongst other things,

upon the smaller numbei'

of segments and limbs

possessed by the larva
;

and further upon the

different structure and

even function of these

limbs. A large number

of Crustacea leave the

egg in the so-called

n a u 23 1 i n s-state ; as

small, compact creatures,

furnished only with the

Fig. 153. N a u p 1 i n 8 of Feimus. Enlarged.- first and second antennte

After Fr. Miiller. and the mandibles. These

appendages are all de-

* This name is connected with the fact that the glands often {e.g., in Apus) lie for

the most part in the carapace.

t Among the E n t o m o s t r aca, the shell- gland is universiUly present

in the adnlt, the antennary gland in the larva; whilst, conversely, the adxUt

Malacostracan exhibits the antennary-gland, the larva, the shell-gland.
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veloped as tolerably powerful swimming- organs, the posterior

antenniB and the mandibles (which last are wholly different

from their adult form) are each provided with a long setose

exopod. The larva possesses only the nauplius eye, the paired

(lateral) eyes are entirely wanting. It is actively free-swimming,

grows gradually in length; the other limbs arise, and after a series

of changes simultaneous with ecdyses, it finally attains the adult

form. Amongst other Crustacea, however, the young one hatches

at a more advanced stage, provided with several pairs of limbs, etc.

{see below)

.

Most Crustacea are marine; some creep about at the bottom of

the sea, others are excellent swimmers
;
many are pelagic ; the

majority are free-swimming in the larval state. A few live in

fresh water, others on land or in damp places

The Crustacea are divided into two sub-classes : Entomostraca
and Malacostraca. The latter group forms a circumscribed

whole, whilst the Entomostraca comprise several, and in some cases

only distantly related, groups.

Sub-Class 1. Entomostraca.

Order 1. Phyllopoda.

The head is furnished with a nauplius eye, and with com-

pound, stalked or sessile lateral eyes; the jaws are usually

feebly developed, sometimes also the antennee. The head is generally

followed by a thorax composed of numerous segments ; each thoracic-

somite bears a pair of strong, flat, leaf-like limbs, which

serve both as natatory organs and also as gills, and are about

equally developed on all the segments. The terminal joints of the

body are apodous (abdomen) ; on the most posterior is a pair of

jointed or unjointed backwardly-directed appendages. In the

majority of forms the body is entirely or partially covered with

a carapace which arises from the head. The Phyllopoda hatch

as nauplii. Most members of this small group live in fresh

water, as a rule in little pools. The eggs can endure complete

drought; some even do not develop until they have lain dry for

some time.

1. Branchipus possesses a pau- of stalked, movable lateral eyes: the

carapace is wanting. The second antenna of the male is modified, to

hold the female during copulation. The thorax bears eleven pairs of legs, the

abdomen is nine-jointed, the caudal appendages unjointed. The organisms
belonging to this genus are transparent, elongate, and minute (1—2 c/m. in

length) ; found in fresh-water pools
;
they swim about constantly with the ventral

side upwards. The species of the nearly related genus Artemia {see page 67),

0
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live in salt lakes on flat sea coasts, or in inland seas (Utah) ; some of these
foiTiis reproduce parthenogenetically, males appearing only now and
again {A. salina in South Europe).

Fig. 154. BrancMpus vemalis S «] anterior, a, posterior antenna, / rostrum,
0 stalked-eye, p penis, r caudal appendage, I, II, XI: first, second, eleventh thoracic

segments. XII, XIII, the two anterior abdominal segments.—After Packard,

2. A'pus is provided with a broad, feebly-arched carapace, which covers

the body with the exception of the hindmost part. The lateral eyes are

sessile, situated close to one another and near* the little nauplius eye on the

dorsal side of the head. The
antennae are very small. There
are about sixty paii's of leaf-like

legs, whose endopod, as in other

Phyllopods, is di'awn out into

lobes prolonged in the most
anterior pair, to form long,

jointed thi-eads. In the female,

the wide exopod of the eleventh

pair is cui'ved like a watch-

glass, and the epipod lies upon
it as a cover, so that the two

together form a little box, in

which theeggs arecaiTied about.

The caudal appendages are

long jointed threads. The shell-

glands lie in the cai-apace, and

are visible thi'ough the skin.

The individuals of this species

ai'e of a very considerable size

(several c/m. long). They are

brownish or greenish creatures

with a thin exoskeleton. They

occur, especially in spring, in

small fresh-water lakes (often

' in those which di-y up in the

course of the summer), swim-

ming with the ventral sm-face

iipwards. Usually, and in some

species exclusively, females only

are foimd, males . occur but
Fig. 155. Apus productus, seen from below. seldom. Reproduction is as

a antenna, an anus, I upper lip, md mandible, j), first
r.irthpnoo-enetic

leg, r caudal appendage (ends cut off), S carapace.- ^ ^^^^^ ^rtJienogenetic^
_

After H. Milne Edwards. 3. The genera Esthena,
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Livmadia, etc., alforcl a transition to tlie next order
;
they are distinguislied

by having the carapace divided into two movable halves, provided externally with

a very hard cuticle, and siuTonnding the whole body; the valves shut together as

do those of Lamellibranchs, for which they might be mistaken. Fm-ther, the

lateral eyes are very near one another or even united ; the second antennae are

very strong and provided with two jointed filaments, the exopod and the distal

part of the endopod respectively, whilst the first antennae attain only a small

size.

Order 2. Cladocera.

The Daplmids must be regarded as peculiarly developed Phyllopods

with, a small number of limbs, and a large compressed

bivalve carapace enclosing the body with the append-

ages
;
upon the head there is a large compound eye, which is

mounted upon a short stalk and is movable ; it arises from the

fusion of the lateral eyes, and is enclosed in a special socket, formed

by the upgrovsi;h of a fold of skin ; there is usually also a small

unpaired nauplius-eye. The first antennte are generally short, and
provided with olfactory hairs. The second antennse are

powerful biramous natatory organs. Besides the mandibles

Fig. 156. A Daphnid, Sida crysfallina, with eight winter eggs in the brood-pouch,
a, first, ttj second, antenm, an anns, d gut, h heart, m mouth, o eggs, oe eye, ov ovavy,
r caudal fork, S carapace.—After Weismann.

there is a feebly developed pair of maxillae. The short thorax is

provided with laminate nectopods like the limbs of the Phyllopoda,
though there are only four to six pairs. The abdomen is curved
downwards, and has two pointed, unsegmented caudal appendages at
the tip. There is a powerful pulsatile heart anteriorly and dorsally,

o 2
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but special vessels are wanting. A well-developed shell-gland is

present. Some Daplmids differ from the usual type now described,

in that the carapace is wanting, or is only feebly developed, that the

body is elongate, and that the thoracic-limbs are aberrant in form.

The Daplmids are small (at most a few m/m. long), transparent

animals, which are mostly fresh-water, though a few are marine;

they move through the water by jumps (Water-fleas). During the

summer, usually only females are found, producing p a r t h e n o -

genetically large, thin-sbelled "summer eggs,'' which are

" brooded " in the cavity between the trunk and the carapace ; the

young ones leave the brood-pouch almost in the condition of the

parent; in autumn males appear also. The fertilised ova, "winter

eggs " (" resting eggs ") , which are thicker-shelled than the summer
ones, usually pass the winter

in a peculiar case {Ei/hippiuvi),

formed by the thickened

cuticle of the Avhole or part

of the carapace, and thrown

off by the female together

with the eggs. The winter

eggs develop in the spring

;

in some forms the young ones

hatch out of the winter eggs

as n a u p 1 i i

.

Order 3. Xiphosura.

In the living Xiphosura,

which comprise only a single

genus, Limuliis (the King-

crab), the body is divisible

into two unsegmented parts,

the cephalo -thorax and

the abdomen, which are

movably articulated ; each of

these regions is composed

of a number of fused segments.

The cephalo-thorax is strongly

arched, the sides are thin and

continued down to form a

shield-shaped structure,which

covers in the ambulatory

appendages. A carapace is

wanting. Upon the dorsal

surface there is a pair of large

Fiff 157 Limiilus polyphemus, ? ,
from

below :" reduced. 1-6 ambalatory appendages,

o operculum of the gill-bearing hmbs, the edges

of which are seen one behind the other.
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compound sessile eyes ; the n a u p 1 i u s eye is represented by a

pair of ocelli, placed near together. Antennae and jaws are

entirely wanting. Ventrally there are six pairs of jointed

ambulatory limbs, all of which are, in the female, furnished

with chete {cf. Decapoda), whilst in the male these are frequently

wanting from some of the limbs.

The six pairs of walking legs surround the mouth, which is far

back; the first pair, which is much smaller than the others, is

in front of the mouth; the basal joints are beset with spines, so

as to serve also as masticatory organs. On the ventral side of the

abdomen there are five pairs of lamellate limbs; the members

of a pair are concrescent at the bases of their inner edges ; and each

limb bears on its posterior side a number of broad, low, branchial
1 am e 1 1 £6 . Erom the hinder edge of the cephalo-thorax arises a

pair of similar lamellate but more chitinised and gill-less appendages,

which coalesce in the middle-line, and cover the gill-bearing limbs as

an operculum. On the posterior side of the operculum, in

both male and female, are the two genital apertures. The body
terminates in a long, movably-jointed, pointed caudal-spine.
The exoskeleton is tolerably hard, of a horny consistence and
colour.

The young Limulus hatches at a comparatively advanced stage.

When newly-hatched it is peculiar in hfiving a jointed abdomen
and slightly developed caudal-spine.

Fig. 158. Y o v V g Limulus. J. dorsal, B ventral.—After Kingsley,

The few extant species of this group are large (to over -5 m. long),
and come from the coasts of Asia and America. The caudal-spine
plays a not unimportant part in locomotion, for it is used to push the
body forwards. The Xiphosura are carnivorous.

Some of the extinct forms exhibit a segmented abdomen like that
of the young Limulus {f.g. Belinurus, from the Carboniferous). More
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remotely related to the King-crabs are the genera Eurypterm (Silurian)
and others, with a relatively smaller cephalothorax, with five pairs of

Fig. 159. A Limulus, B Belinurus, C Eurypterus, D a Trilobite {Dalmanites
socialis).

locomotor appendages, bearing a general resemblance in size and
shape to those of Limulus, and with a large jointed abdomen and a
short caudal-spine.

Order 4. Trilobita.

The flat, oval body of the Trilobites is divided into three regions

(see Fig. 159 D)
;

cephalothorax, thorax, and abdomen, of which the

thorax is usually the largest.

The cephalothorax is unsegmented, its anterior and lateral

edges are curved, but its posterior one straight ; the lateral angles are

not infrequently prolonged into backwardly directed spines. Placed

close together on the dorsal side, there is usually a pair of large,

sessile, compound eyes. The thorax consists of a number (2—26)

of movable, short, wide segments. The abdomen is formed of

a number of fused segments, whose

limits are sometimes clear, but

usually indistinguishable. Two
longitudinal furrows traverse almost

the entire length of the dorsal side,

from one end of the body to the

other, marking out the surface into

a median (t e r g u m) and two

lateral areae (p 1 e u r ae) . The ventral

surface, with the appendages, was probably very soft and thin-

skinned, whilst" the dorsal was hard. In only a few cases have

indubitable traces of the ventral surface and the limbs been found,

(D

' • rig. 160.-—stages in the development of

. a Trilobite (iSao hirsuta).—After Barrande.
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so that the structure of the appendages cannot be spoken of with

certainty
;

they were 'probably soft ' and feeble like those of the

Phyllopods. Some Trilobites had the power of rolling themselves

up like Oniscus. As regards their development, it is known that

they possessed a smaller number of segments in the young than in

the adult state.

The order of Trilobites' comprises numerous species, all of which

are extinct. The group flourished especially in the Silurian, was

more sparsely represented in the Devonian, and died out in the

Carboniferous Period. Many specimens are of very considerable size.

Order 5. Ostracoda.

From superficial observations, the Ostracoda appear to be very like the

Daplmidae, from which, however, they prove to be very different on a closer

examination. The body is short and compressed, and may, with the limbs, be

entirely enclosedin the very hard shell ; this is divided into two parts, which can

be opened and shtjt lik^ the valves of a mnssel shell. In the anterior part of the

animal, there is a' nauplius-eye, sometimes divided into t^o; and,. in some
forms, also a paii-'pf movable , 1 a t er a 1 eyes. The fii'st and second a n.t e n n se

are much modified, and provided with long, swimming setss
;
both, but especially

the second pair, are natatory and locomotor.' ;The thi-ee pairs of jaws ai-e all well

developed. Besides these appendages, only two-paii-s of slender, jointed thoracic

legs are present. The most posterior part of the body is cui-ved downwards, and
usually terminates in two lamellate appendages. As regards the internal

Fig. 161. Fig. 162.

Fig. 101. Gypris. Oc nauplius eye. (in', an" first and second, antennas, md mandible,
ma,-!, m.t!2 first and second/' maxillse, p', p- first 'atid second legs,' c tail: enlarged.—After
Zenker. i

Fig. 162. Nauplius of an Ostracod.* s shell, the other letters as in Fig. 161.—After
Claus.

sti-ucture, it must be noticed that many have no heart. Sexual dimorphism is

well marked (in the structm-e of the limbs, etc.) ; the colossal size to which the
spermatozoa attain is worthy of note ; in the species Gypris ovum, for exam,ple,
the total length is 2 m/m., i.e., more than three times as long as the whole
animal. Many leave the egg in the nauplius state, provided only with
anteima and mandibles

; the shell is usually akeady developed.
The Ostracoda are animals' of small size, occm-ring both in salt and fresh

water.
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Order (1 Copepoda.

The order Copepoda comprises a large number of free-living

forms, and also a multitude of parasites, wliich conform, on the whole,

to the same type, although they are often considerably modified in

accordance with their peculiar mode of life.

The free-living Copepods will be first considered. The body

is divided into three regions, cephalothorax, thorax, and

abdomen. On the cephalothorax there is a nauplius-
e y e, consisting of two, three, or more ocelli, and attaining a

considerable size in some pelagic forms ; lateral eyes, on the

other hand, are always wanting. The cephalothorax bears,

further, two pairs of antennge, both of which are well-

developed. The anterior antennae are usually the longer.

F| Fig. 163. Cyclops, a nauplius, h—d later stages of development, e adult animal

(onl/the left mandible and maxilliped, and the right maxillaa are figured) : enlarged.

and serve as natatory organs; in the males they are frequently

used also for holding the female during copulation; they are then

bent in the middle, and the distal can close upon the proximal part.

The mandibles are usually provided with palps, the palp often

pos.sesses a small exopod (Fig. 151 D). Behind the mandibles

are the two pairs of maxillae and a pair of maxillipeds.
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The ttorax consists of five segments, of wHcli the foremost is

frequently united with the cephalothorax ; each segment, or only

the first four, bears a pair of swimming legs, consisting of

a short peduncle with two rami; the outer ramus represents the

exopod; the inner, together with the peduncle, the endopod. The

abdomen is reduced and apodous, and is composed of the last five

segments of the body ; at its posterior end there is a pair of unjointed

lamellate, or pointed, caudal appendages, between which the anus is

situated. The vascular system is poorly developed; the

heart usually wanting. Special respiratory apparatus

is also absent. The eggs are carried about by the female,

enclosed in one or two egg-sacs, which consist of a hardened glandular

secretion, and are attached to the base of the abdomen. The egg

hatches into an oval nauplius, with a nauplius-eye, and the

appendages (antennee, mandibles) characteristic of this developmental

stage, by means of which it swims actively about in the water. The

other limbs bud out gradually as the body increases in length.

These Copepods are small aquatic animals, which are fresh-

water as well as marine, and are frequently found in immense

numbers ; the sea may be tinted red, over large tracts, by their

presence. The principal food of the great shoals of Herring consists,

at lea^st in many places, of some species of this group, which

furnishes also a considerable contribution to the food of the Whale-

bone Whale.
Species of the genus Cyclops, can-ying two egg-sacs, are common in tlie

fi'esli wateis of England.
.

The Parasitic Copepods comprise a multitude of different forms

living on (seldom in) different aquatic, usually marine, animals.

They are frequent upon Fish (especially on the skin and gills), also

on Worms, Molluscs, etc
;

they often attain a larger size than the

free-living forms (several c/m.). Some of them (Fig. 164, 1—2) e.g.,

Fish-lice [Galigux), differ relatively little from the free-living forms.

The mandibles are modified as stabbing organs (stylets), which are

enclosed in a tube, the proboscis, formed by the concrescence of

the upper and under lips ; some of the limbs (second antennge, second

maxillee, maxillipeds) are modified to prehensile hooks (adhesive

organs) ; but in other respects those occurring, for instance, on the

skin of fish, are not strikingly different from the free-living forms,*

the sexes are not very dissimilar, and male as well as female, is

locomotor, not fixed to one spot on the host. In others the altera-

tion is greater, the adaptation to parasitic life closer ; this is specially

evident in the female. The modifications, which differ in extent in

* It may be noted that the first antenniB, which, in free-living CoiDepods, are
generally very long, tend here to be rather short. The first maxilla is rudimentary,
the eye may or may not be present. Not infrequently {e.g. in Caligus), the body is

flattened, and accommodated to the surface of the host.
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different forms, are in the direction of clumsinass, deformity, and im-
mobility; tlie abdomea degenerates, the segmentation is obliterated,

1 2 3

" Fig. 164. Various parasitic Copepoda : 1 Nogagus borealis, male from the ventral
side. 2 Caligus rajmx, female from above. 3 Cliondracanthiis gibbosus, female from
below ( (? the male). 4 Brachiella thynni, female. 5 Male of the same species (more
enlarged). aj—a.j first and second antennas, / caudal appendages, hk second maxilla,

fcf maxilliped, — first—fourth pairs of legs, o egg-sac.— 1, 2, 4, 5 after St enstrup and
Lfitken, 3 after Glaus.

those limbs, which do not serve as organs of adhesion, atrophy, or

become functionless ; this applies especially to the true legs, which

are either wanting, have
^ B C degenerated to mere ves-

tiges (Fig. 165jB),or have

become large thick ap-

pendages, without setae,

exhibiting only feeble in-

dicatious of their original

form. Often such parasitic

Crustacea are provided

with peculiar outgrowths,

rendering their appearance

still more striking. As a

rule they are blind. Where

the reduction is most ad-

vanced, the entire animal

Fig. 165. A, Penella sagilta (parasitic on certain

Fish), $ , natural size. B anterior end enlarged,

jj' first, p* fourth pair of legs, o egg-sao. C Herpyl-

lobius airticus (parasitic on ChiVitopods), 2 enlarged,

0 egg-sac. The irregularly lobed part is sunk in the

body of the host.—After Bteenstrup and Liitken.
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is a sac without limbs (Fig. 165 C), and with only two longer or-

shorter (often thread-like) egg-sacs. It is immovably attached ta

the hostj in some cases by means of the second antennas, the second

maxillee or the maxillipeds modified into long arms; in others by

means of the whole front part of the animal, which is imbedded in

the body of the host. The males of the more strongly modified

forms are usually pigmy, attain only a small fraction of the size

of the females, and as a rule are attached to them in the neighbourhood

of the genital aperture
;

the}'' are not usually so entirely modified as

the females may be, as a rule they have several pairs of limbs, etc.

The parasitic CopejDods, like the free-living ones, are hatched as

n a u p 1 i i , which swim freely about, and after some moults reach a

state like that of the free-living adult. The parasites owe their ultimate

deformity to a "retrograde metamorphosis" occurring after fi.xation.

In some parasitic Crustacea, e.g., Lernxa branchialis, living on tlie gills of the

Cod, the male and female are fau-ly alike up to the time of co^julation, presenting

a tolerably normal copepod form ; after pau-ing, however, the female grows con-

siderably, and becomes quite distoi-ted, whilst the male perishes ; wherefore no
male is found with the adult female Lernnea.

Order 7. Cirripedia.

The Cirripeds are furnished with a sort of protecting shield, the'

so-called m antle, which is attached to the rest of the animal only

Fig. 166. Fig. 167.

Fig. 166. Lepas. The right half of the mantle is removed, the body shown in longi-
tudinal section.—After Clans.

Fig. 167. Balwtms. The right half of the mantle and shell taken away.—After Darwin,
a and h the paired valves of the mantle, a scutum, h tergum, c unpaired dorsal valve,
carina, a, anterior antennsa, an anus, k cement gland, I liver, m adductor muscle of
mantle, m' retractor muscle, o' female aperture, ocl oviduct, ov ovary,. 2' penis, r shell,
Hi vas deferens, t testis.
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at the head end, whilst it covers the rest of the body loosely ; the

enclosed cavity communicates with the exterioi' only by a slit on the

ventral side. In one of the chief groups of the Cirripeds, the Lepadidae

(Barnacles), the mantle is prolonged anteriorly into a thick, shorter or

longer peduncle, by means of which the animal attaches itself to

some foreign object. In most Lepadidae {e.g., the genus Lcpas), the

mantle is provided externally with five calcareous plates or valves, of

which one, the carina, is narrow, and lies along the dorsal edge of the

mantle, whilst the remaining four, scuta and terga, two on each

side, cover a larger or smaller part of the lateral surface of the mantle

;

that part of the surface which these plates leave bare (in Lepas, only

the marginal furrows between the plates, in others the greater part),

is covered with a thin cuticle, which also clothes the peduncle, the

inner side of the mantle, and the body ; the valves are specially

well-developed parts of the cuticle. In some Lepadidas, besides

these five plates, a number of large and small plates (lateralia)

occurs at the edge of the peduncle and the rest of the mantle

(Fig. 168 B). In the Balanid® (Sea-acorns), another important divi-

sion of the Cirripeds, the peduncle is wanting, but the animal is still

fixed, and indeed by the same part of the mantle as in the Lepadidae

the adhesive surface is large and provided with a calcareous

covering. The lateralia (Fig. 168 B, d), are in a line with the

A B D

Fig. 168. Diagrammatic figures, s hewing the trsnsiticn fit m Le] as to Balanus

A Lepas, B PolUcipes, C a Balanid with many lateralia, d {Caiojphrag^rius) D Balanus

s peduncle, a-d valves, a scutum, h tergum, c carina, d lateralia. The lettering is the

same for aU the figures.—Orig.

carina (c), and are connected to form a hard shell, the testa,

which surrounds the greater part of the animal like a box. The

testa rarely consists of a large number of plates in several circles (Fig.

168 C), but more frequently of a smaller number (6—8) of large

plates in one circle {D, d—c). A lid (operculum) for the box

is furnished by the rest of the mantle with the four large plates (a, 6)
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of Lepas, which here are relatively small, and at this point there is a

narrow slit leading- into the mantle-cavity.

As for the appendages, the first pair of antenna is

present in a very rudimentary state ; in the Lepadidse it occurs on the

adhesive surface of the peduncle ; in the BalanidEe in a corresponding-

position. A cement - gland opens on each antenna, and its

secretion serves for the attachment of the animal. The second
antennae, on the other hand, are wanting- entirely in the adult.

There are usually three pairs of jaws, none of which are well-

developed. The ventral side of the body, which, as is evident from

Figs. 166, 167, is turned upwards, bears six pairs of cirri, each

consisting- of a two-jointed shaft, with two multiarticulate, very-

flexible, whip-like rami; the outer is the exopod, the shaft and the

other branch, the endopod. The cirri, whose rami are fringed with

setse, can be extruded through the mantle-slit and withdrawn again
;

they serve to waft into the mantle-cavity the little organisms which

form the food of the animal, and when in motion the cirri stretch

through the slit close together, then widen out like a fan, come

together again, and are drawn back with a jerk. Among- the

Balanidge the anterior are considerably shorter than the posterior

cirri. The body is usually indistinctly segmented, and frequently

bears at its tip a pair of small jointed or unjointed caudal ap-

pendages. The adult has only a double nauplius-eye, whilst

lateral eyes are wanting. Heart and, blood vessels are
absent.

The ventx-al ganglion chain is mtich concentrated ; in the Balanidse,

the ventral ganglia are all united to a single large nei-ve mass. The digestive
tract tei-minates at the end of the body. Among the Lepadidae gills are

present in the form of thin-skinned whip-like appendages, springing from the

bases of one or more of the thoracic legs. These appendages, possibly

representing the epipods, are wanting in the Balanidse, which are, however,

provided with a pau- of lai-ge folded gUls arising within the mantle on either

side. In a degenerate state they are also present in the Lepadidse, where
they have a different function, viz., that of caiTying the ovigerous lamellse

(see below).

In contrast to almost all other Crustacea, most of the Cirripedia

are hermaphrodite. Among- the Lepadid®, the ovaries lie in

the peduncle, among the Balanidae on the adhesive surface ; an oviduct

opens on each side of the body; the branched testis is situate

in the body proper ; the seminal ducts open by a common aperture

on the tip of an elongate copulatory organ, posteriorly. It is

very curious that in certain LepadidaB, besides the hermaphrodite
individuals, very small males occur, attached to the former in the

mantle-cavity or at its opening. These complemental ma 1 e
s"^

* In others an actual separation of sexes occxirs ; the female possesses the usual
form, the males are pigmy, like the complemental males.
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are sometimes like the hermaphrodite individuals in structure, in
other cases they are very degenerate. The eggs are cemented
together into large ovigerous lamellas and remain in the
mantle-cavity, until the larvae are developed.

The Cirriped leaves the egg as anauplius of the usual kind,
which after moulting acquires the so-called cypris form; the
name indicates a certain resemblance to Cypris (Ostracoda). In this
state, during which the animal, just as in the nauplius state, is

free-swimming, the first pair of antennae is well developed, and has
an adhesive disc on the penultimate joint; the second antenna3 have
vanished, but six pairs of thoracic limbs are present, and resemble
those of the Copepoda ; besides the naupHus eye, there is a pair of
large compound lateral eyes, and a bivalve carapace
surrounding the body. After a time the organism attaches itself by
the antennfe, the secretion of the cement-gland flows through them,
and fixes the animal permanently to the spot selected. The large
eyes atrophy, though the unpaired eye remains ; the swimming legs
gradually change to cirri, their rami increasing in length, and
by a series of modifications, the anitnal attains the lepas or balanus
state.

All the Cirripedia are marine,

1. The Lepadidie (Barnacles) are provided witli a longer or slioi-ter ped-
xmcle ; the mantle with five (or more) valves. Many attach themselves to some
object which floats in the sea (ships, floating pieces of pumice-stone, etc.) ; this

happens, e.g., in the genus Lepas, whose five calcareous valves covei* almost the
whole sm-face of the mantle. Others, e.g., Scalpellum (like the Pollicipes

figm-ed in Fig. 168 B), with numerous valves and with complemental males,
attach themselves to immovable objects, generally at gi-eat depths.

The genus Lithothrya, which bores holes in chalk and coral by means of deli-

cate chitinous spines projecting from the very thick peduncle, belongs also to the

Lepadidse.; and, fm-ther, the very different genus Alcippe, with distinct sexes (the

female has only the first, fifth, and sixth paii-s of cii-ri, the male is a dwarf with-

out a digestive tract, etc.), bores holes in dead gastropod shells. A peculiar

parasitic Barnacle, Anelasma squalicola, is found embedded in the skin of

cei-tain Sharks, firmly attached by delicate branched thi-eads which arise from
its peduncle. The cirri are without setae (recalling the limbs of certain pai'asitic

Copepoda), the mantle destitute of calcareous plates.

2. The Balanidse (Sea-acorns) ai'e sessile, and possess a shell, formed
nsually of a single circle of plates, with an operculum, which consists of fom*

valves, and has a median slit (see above). Here belongs the genus Balanus,

often occuiTing in gi-eat niunbers on large stones on the sea-shore, whei-e the

animal is sometimes covered with water, sometimes uncovered. Other genera

are found upon the Turtle, or on the skin of the Whale (with the lower end

beneath the epidermis ; Coromda, and others).

3. The Bhizocephala, which are modified in correlation with a parasitic life,

fonn the most pecrdiar division of the Curipedia, and, if the adult alone were

examined, would seem to be far i-emoved from the typical members of the order.

The body is divided into two regions : an anterior, consisting of much-branched

thi-eads, imbedded in the body of the host, and a posterior, sac-like part, which

hangs outside the host, and is in connection with the front pai-t hy a short
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peduncle ; tlie tlii-eads of the anterior region twine roimd the internal organs

of the host, and absorb food by endosmosis
;
they are comparable, both in general

appeai-ance and in function, with the roots of a plant. The saccular part is

covered by a soft mantle ; the mantle cavity, in which the eggs are retained,

commimicates with the exterior only by a small aperture. Digestive tract and

hmbs ai-e altogether wanting. The Rhizocephala undergo a metamorphosis

Fig. 169. A Rhizo-
cephaloii (Saccidina),

s, on tVie ventral side of

the abdoiren of a Shore
Crab ; the Crab is seen

from below, with the
abdomen artificially

stretched out.—Orig.

whose first stages ai-e like those of a normal CuTiped (nauplius, cypris) ; after

attachment to the host, however, the^ animal undergoes a modification, which
results ia the above-described abnormal structui-e. They are pai-asitic iipon

Decapoda ; one species {Saciiulina carcini), for instance, is veiy commonly found
on the ventral side of the abdomen of the Common Crab {Carcinus moenas) of

Em-opean coasts ; another {Peltogaster paguri) on the abdomen o the Hermit-
crab (the " roots " in both 'cases permeate the whole body of the host, whose
genitalia do not ripen).

S^b-Class 2. Malacostraca.

In contrast to tlie Entomostraca^ where the number of segments
and of limbs varies within very wide limits^ there is a typical
number in the Malacostraca, which is never exceeded/bufc which
may be reduced in some forms by the^ loss of some segments or
pairs of appendages.

The body is divided into three regions: the lie ad, the
thorax, consisting of eight segments, and the abdomen, of
seven. From the head arises in most orders a carapace,
which never covers more than the thorax (often not the whole
of it), and leaves the thoracic limbs and abdomen uncovered {cf.,

the Daphnidge, the Phyllopoda, and others)
; the carapace is

always confluent with a certain part of the dorsal side of the thorax,
whilst its sides are free ; its outer surface is covered with a hard
cuticle, which often attains a considerable thickness. The head bears,
further, a pair of large compound lateral eyes, which are usually
stalked and movable, whilst the nauplius-eye is generally absent from
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the adult animal ; the autennules, each consistiug of a three-jointed

peduncle and two niultiarticulate filaments, of which the outer bears

the olfactory setae (the inner is often absent) ; the antennae, in which

the peduncle is five-jointed, and produced into a multiarticulate

Ai A. Vh m Hk Kfi Kf^ Sf,

Fig 170. The appendages of a Lobster, <? ; all of the loft side and viewed

from below. In the upper row are represented : atitennulo (A,), antenna {Aj), mandible.-,

first and second maxilh^ (Vk, MK; Hk), the three maxillipeds (Kf-,). In the middle row

the ambulatory leg.s. In the lower row the abdominal appendages, i endopod, y exopoa,

b epipod, g gill, k opening of antennary gland.—Orig.
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filament, whilst a lamellate unjointed exopocl very often arises from
,

its second joint
j

finally, a pair of powerful mandibles, with

frequently a three-jointed palp, and two pairs of maxillte, both of

a flattened form. The thorax, which is not sharply marked off from

the head, and whose segments (all, or a few) are often completely

fused, bears eight pairs of limbs, consisting typically {see

Fig. 150, JB), of a slender s e v e n- j o i n t e d en do pod, the basal

joint bearing a flat, unsegmented e p i p o d ; whilst from the second

joint springs a usually narrower exopod, fringed with setse and

multiarticulate. Frequently either exopod, epipod, or both, are

wanting, and as a result of concrescence, the endopod may have fewer

than seven joints. The eight joairs of thoracic feet are seldom all

alike ;
usually the first, or the first two or three, pairs are modified as

maxillipeds, subserving the functions of nutrition; whilst the

rest serve for locomotion, or are developed as prehensile organs. The

abdomen is typically seven-jointed ; it is usually filled up with

powerful muscles, and forms a true locomotor apparatus, whilst

the viscera are for the most part located in the thorax. Each of

the six anterior segments usually bears a pair of appendages, the

abdominal limbs, consisting of a two-jointed peduncle and two

rami, the outer of which represents the exopod; these are

usually natatory organs (s w i ni m e r e t s) . The last pair of

abdominal appendages is generally different from the rest ; it is

directed backwards, often broad, and with a short peduncle ; with the

.seventh somite, which is always apodous, it frequently forms the caudal

fin. Amongst other characters common to the group, the following

must be noticed : the region of the fore-gut folloAving the short

<esophagus forms a gizzard, lined with chitin, and furnished with

hard denticles and with setse. The rest of the digestive tract is

tubular ; the anus is on the ventral surface of the last abdominal
segment; the liver, which is composed of a number of tubes, opens

into the gut behind the gizzard ; the h e a r t is usually short and wide,

sometimes more elongate, and almost always provided with three (or

fewer) pairs of ostia ; the ovaries are generally partly fused ; the

oviducts are, however, separate, and open on the under side of the

ante-penultimate (sixth) thoracic segment, or on the basal joint of its

appendages; the testes are usually like the ovaries ; the seminal
ducts open on the last (eighth) thoracic segment, or on the basal

joints of the eighth thoracic limbs.

Note.—The genus Nebalia forms a transition from the Entomostraca, and
especially the Phyllopoda, with which it should be grouped, to the Malacostraca.
It lives in the Mediten-anean, the North Sea, on the coast of Greenland, and
elsewhere. The body is divided into head, thorax, and abdomen ; the thorax is

eight-jointed, with eight similar pairs of appendages, which ai'e like those of
other Phyllopoda. Each appendage (Fig. 150 A) is seven-jointed, lamellate, with
liroad exo- and epipod. The abdomen is eight-jointed, and, as in the Phyllopoda.

P
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is i)rovided Avith a imir of caudal appendages at the tip ; the al>dominal appen-
dages (six pairs) are, however, like those of the Malacostraca. A large part of tlie

body with the limbs (not the thorax alone, as in the Malacostraca), is covered

Fig. 171. Nehalia Geoffroyi. VIII Eighth thoracic segment, 1, 7 first and seventh
abdominal segment; —Jo first and second antennte, C'head; first and sixth

abdominal appendages
;

K.^, Kg first and eighth thoracic appendages ; o eye, 2^ mandibular
palp, r caudal appendage, S carapace (left-side removed).—-After H. Milne-Edwards.

by a large, compressed carapace, which lies loosely over the thorax, without

undergoing concrescence with it. On the whole, the animal exhibits a cmious

combination of the characters of the Phyllopoda and the Malacostraca.

Synopsis of Orders.

Stalked eyes. / 6. Decapoda \

Carapace present, usually well-
J

7. Stomatopoda >

developed.

Second antenna with, exopod.

Sessile eyes.

Carapace small or absent

/ . OTjumatupuua ?

I 1. Euphausiacea]

V 2. Mj'sidacea.

3. Cumacea
4. Isopoda

Second antenna without exopod, [ 5. Amphipoda

No brood-pouch.

Brood-pouch

f present.

[
One pair of

) maxillipeds.

Order 1. Euphausiacea.

The Euphausiacea are transparent, prawn-like animals, a

few c/m. long, which live in great numbers in the open sea. They

differ from all Malacostraca in that none of the thoracic

feet are modified as maxillipeds, but all the eight jmirs,

though the last two may be degenerate, are essentially alike, and all
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are locomotor : each consists of a seven-jointed, long and thin

e n d o p 0 d, and a strong e x o p o d, fringed with setae, and serving

as a natatory organ : there is also an e p i p o d which is much-branched,

except in the case of the first pair, and haogs free on the side of the

animal, acting as a gill. Eyes, antennae, carapace, abdomen, and

swimmerets are like those of the Prawn {q.v.). The Euphausiacea are

Fig. 172. Tkysanopus tricuspidatus. 1—-7 first and seventh abdominal segments

;

—A.2 first and second antennae; third abdominal appeadage : K^, JSTo, Kj first,

second, and seventh thoracic limbs
;
K-^ex and K^ex exopod of the third and eighth thoracic

Hmbs ; ep epipod of the eighth thoracic limb ; L phosphorescent organ ; S cara.pace.—After

Sars.

also characterised by the retention of the nauplius eye throughout

life ; the possession of peculiar eye-like phosphorescent
organs on the eye-stalk, on the basal joint of the second and

seventh thoracic limbs, and on the ventral side of the first four

abdominal somites ; and by hatching as free-swimming n a u p 1 i i

.

The order, which is relatively poor in spfecies, is represented both

in warm and in cold seas {Thysanopus, Buphausia, etc.) ; some
species form an important part of the food of the Whale-bone
Whale.

Order 2. Mysidacea.

This order is divided into two groups, the true Mysidse and the
Lophogastridse, which latter gi-oup is confined to great depths, and
comprises many curious and abeiTant forais. The follovsdng account refers only
to the ti-ue Mysidae.

The general appearance of the Mysidae, as of the Euphausiacea, is

prawn-like. The body is, however, less compressed and more
rounded, and the abdomen does not exhibit the very obvious bend of

the Prawns (and Euphausia) . Each of the thoracic limbs is furnished

p 2
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with a swimming ramus, the exopod, but only the first pair possess
epipods.

The first pair of thoracic appendages is modified to form
m a X i 1 1 i p e d s ; the second pair is also different from the rest. The
abdominal appendages, with the exception of the last pair (those of

the caudal fi.n) are, in the females always, in the males often, feebly

Fig. 173. Boreomysis megalops, one of the Mysidae, $ . 1,6 first and sixth abdomina
segments ; —A.2 first and second antennas ; ex exopod of the last thoracic appendage :

flj fifth abdominal appendage
;
E^, Kg thoracic appendages, md mandibular palp ; Ot Otolith,

R brood sac, S carapace.—After Sars.

developed. An auditory vesicle is found in the inner ramus

of the last pair of abdominal appendages, it is furnished internally

with a number of hairs siipporting a large otolith (the Mysidaj

are the only Crustacea possessing an auditory organ in such a

position). The inner, membranous side of the carapace is provided

with a close vascular network, and acts as a

respiratory organ. The epipod of the first

thoracic limb is situated within the branchial

cavity, and its movements cause a constant current

of water through the chamber. From the inner

sides of the basal joints of some of the thoracic

appendages arise thin, curved lamellfe, which

together form a ventral brood-sac (marsupium)

to serve for the protection of the eggs and larv^.

The young ones leave the eggs as nauplii with

the three usual pairs of appendages (antennae and

mandibles), but are incapable of free movement;

they feed on the food yolk derived from the egg,

and only leave the brood-pouch when they have

acquired the general appearance of the adult.

Some Mysidse are found in the open sea,

others are littoral : the genus Mysis, for example,

lives on the coasts of Northern Europe; it is a transparent feebly

pigmented animal occurring in shoals.

Fig. 174. My si 8-

nauplius, seen

from belovr (en-

larged), a,, Ov) first

and second antennas,

md mandible.—Orig.
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Order 3. Cumacea.

The animals of this order are indeed related to those foregoing,

but they do not possess the same prawn-like appearance, and are

somewhat aberrant in many respects. The dermal skeleton is hard

and brittle,. The carapace is so small that it only covers the

anterior part of the thorax, whilst the five hindmost thoracic
segments arebare.^ The lateral eyes are sessile, small,

usually fused into one; the antenna has no exopod. Of the

thoracic appendages some have a swimming ramus,
and others have not. The first is a maxilliped, and, just as

in the Mysidte, it is the only one which bears an epipod, which is

here provided with a large lamellate gill ; the second joint of the

maxilliped is furnished with hooks, so that it can be fastened to

Fig. 175. Diastylis neapolitana, a Cumacean. V and VIII, fifth and eighth thoracic

segments ; 1, 2, 7 first, second, and seventh abdominal segments ; ex exopod of a thoracic

foot ;
Hg sixth abdominal appendage

;
K^, Kg fourth and eighth thoracic appendages ;

o eye, S carapace.—After Sars.

its fellow. The second thoracic legs also differ from the succeeding*

ones (as in the Mysid^), the thoracic feet are, moreover—especially

is this the case with the last pair—more adapted for walking than

those of the Mysidae and Euphausidae. The abdomen is long, thin,

straight, and very movable. Of the abdominal appendages, the

female exhibits only the last, which are backwardly directed,

slender, and not lamellate, and incapable of acting as a caudal fin
;

the males usually possess the other appendages also. The females

are furnished with a brood-pouch, formed by the union of lamellate

appendages of the thoracic feet just as in the female Mysis. The
young ones hatch as non-motile nauplii, like those of the last

mentioned order; when they leave the marsupium they are like

the adult, but rhey are still without the last pair of thoracic legs,

which are developed later {see Isopoda)

.

The Cumacea are small animals which live on the sea-bottom at

.some depth. They are meb with on British coasts.

* Among the Mysidre, too, the carapace has not coalesced with these five segments,
but extends over the grea.ter pai-t of them (the last two seg-monts are alone
uncovered dorsally).
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Order 4. Isopoda.

The body is dorso-ventrally compressed, enclosed in a liard,
often brittle, dermal skeleton ; the abdomen is short, at most with six
segments, for the last (seventh) is absent. Of the remaining segments
the terminal one is usually large : owing to fusion there often appear
to be fewer than six. The carapace is absent; the eyes
(lateral) are sessile, the exopod of the second antenna is

usually wanting. The first thoracic segment is fused with the head,
but the remaining seven are free, movable, and well
developed. The first thoracic appendage is modified as a maxilli-
ped; its inner edge is usually provided with hooks, by means of
which it may be coupled with its fellow. The other seven pairs of

1 2 3

Fig. 176. 1 Aega; 1—3 Cymoilioa, dorsal and Tentral. 7J and Til seccnd and eighth
thoracic segments ; 1,2,6 first, second, and sixth ahdcminal segm€nt8

; .ffg sixth abdominal
leg; Ko, etc. second, fomth, etc. thoraci c limbs ; R plate of brocd-pcnch.—After
H. Milne Edwards.

thoracic feet are powerful ambulatory appendages, without

exopod and without epipod. The abdominal appendages are pecu-

liar in having the inner ramus of some of their number modified as

a gill; this ramus is membranous, and provided with a delicate, close

capillary net-work ; as a rule, there are no other respirator}^ organs.

The Isopoda j)ossess a marsupium under the thorax, formed of

the lamellate appendages of the basal joints of the thoracic limbs,

as in the Mysidas ; the young ones leave the egg as non-motile

nauplii, with three pairs of stumpy appendages; or they may be
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destitute of limbs; when they leave the brood-pouch they usualty

possess the general form of the perfect animal^ but they still lack

the last pair of thoracic legs.

Some of the Isopods are marine, some fresh-water, and others

terrestrial (in damp places) . They are essentially adapted for walk-

ing or for running, but some swim by means of the abdominal

appendages. Many are parasitic.
1. In the Noi-th Sea live, for example, several species of Idothea, relatively

elongate animals, with the last paii- of abdominal appendages modified to form

a valve-like operculum, covering over the others. One species of this genus

(J. tricuspidata), which lives on the shore among the sea-weed, is characterised

by exhibiting many different colour variations (speckled in different ways).

Fm-ther, the small Gribble {Limnoria terebrans), -winch, gnaws holes in the

wood-work of hai*bom-s, etc., and is sometimes very desti-uctive.

2. The flat, long-legged Asellus (Asellus aquaticus) is common in fresh-

water lakes amongst decaying vegetation.

3. Many species of Oniscidae are ten-estrial (e.g., genus Oniscus). They are

characterised by the nidimentary first antenna, and by the veiy mimite terminal

segment of the abdomen. In addition to the usual ai-rangement of gills, some
possess a kind of lung ; the outer lamina of some of the abdominal appendages
encloses a branching cavity, with a slit-like apertm-e, which has undoubtedly a

respu-atoiy fimction. The Oniscidae are light-avoiding animals, of insignificant

coloiu' ; some {Armadillidium) can roll themselves up like some of the Myi'iapods,

to which they have a superficial resemblance.

4. The numerous parasitic Isopods live principally iipon Fish and Cnistacea.

They offer a gradation in adaption to a parasitic life, similar to that in the

Fig. 177. 1 Cepon elegans, a Bopyride from the branchial cavity of a Crab, ? (the male

I
.IS fixed to the base of the abdomen). Dorsal view. 2—3 Portunion Kossmanni, S

(trom the right) and 9 (from the left), an Entoniscide, which is parasitic in a Crab

:

6 <'nlargred much more than ? .

thoracic segments, 1—6 abdominal segments, 3' lateral process of the third
abclommal segment (these processes light, the abdominal appendages dark), C head (

+

first thoracic segment), Ca abdomen, fi,, H„ H, first, fifth, sixth abdominal appendages,
marsupial lamellas.—After Giard and Bonnier.
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parasitic Copepoda. The geima Aecja, for example (Fig. 176, i), which comprises

blood-suckers living on the skin of Fish, is only slightly modified ; the second, third,

and foui'th thoracic legs are indeed provided with hooks, and adapted for pro-

hension, but the animal is able to move freely a]:)out, and is furnished with large

eyes ; sexual dimorphism is not pronounced. More adapted to the parasitic life

is the clumsy Cymothoa* related to Aec/a (Fig. 176, 2—3), with or without small

eyes, with seven pairs of hook-bearing appendages
;
living in the mouth and gill-

cavity of Fish. Still more modified are the Bopyridae (e.g., Bopyrus),

pcirasitic in the giU-cavity of Prawns and otlier Decapoda ; the females are

symmetrical, without eyes, and with" tiny hook-bearing appendages (Fig. 177, 1);

the segments of the wide thorax are immovably united : the males possess a

more nonnal Isopod form, but they are of a very small size (dwarf males), and
fixed to the abdomen of the female. The females of the Entoniscidae

(Entoniscus, etc., Fig. 177, 2—3), parasitic in cerfain Crustacea are almost, or

entirely apodous, and altogether very remarkable in form; the pigmy males

are relatively normal in stiaicttire, although somewhat reduced in size. The
lai'vae of the parasitic Isopoda always exhibit a nonnal isopod fonn, and are

free-swimming.

5. The Tanaidae (the genera Tana'is, Apseudes, etc.), fonn a small

division of the Isopoda, which differs in several respects from the foregoing, and

approaches the Mysidse and Cumacea. The organisms belonging here have only

six free thoracic segments, for the first two of these (not the first only, as in most

Isopods) are fused with the head. There is a small carapace, united

Fig. 178. Apseudes Latreillei, 2, 3, 4, 8 second, third, etc. thoracic appendages:

A^—Ac, first and second antennse ; ex exopod of the second thoracic appendage; Fg sixth

abdominal appendage ; 0 eye.—After Sara.

dorsally with the two segments, which are fused on to the head, whilst its lateral

part is free, and just as in the Mysidae, its inner membranous sm-face has a

respiratory function. Below the cai-apace, on each side, is the soft epipod

of the first thoracic appendage, which keeps up a current of water just as

in the latter. The eyes are on short, fixed stalks, clearly marked off from

the rest of the head. The exopod of the second antenna is sometimes present.

The second and third thoracic feet, of which the first pair is modified

* An interesting observation has been made for Cymothoa and a few other pai-asitic

Isopoda- unlike all other Malacostraca, they are hermaphrodite. During

3h the individuals function for a time as males; the female gemtaha are onlj

developed later, when the male organs atrophy.
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to form the clielEe, are often provided with rudimentary, but distinct,

exopods. The abdominal appendages do not serve as gills.

They occiu- on all Eiiropean coasts.

Order 5. AmpMpoda.

The AmpHpoda are like the Isopoda in many respects ;
there is

no carapace, the eyes are sessile, there are seven free thoracic

segments ; the first thoracic appendages are maxillipeds, the others

are ambulatory, consisting merely of endopod, etc. An important

difference is that the abdominal appendages do not act as gills,

but the organs of respiration are peculiar, lamellate, membranous

processes of the inner side of the basal joint of some of the thoracic

legs.* The exoskeleton is usually not so hard as in the Isopoda.

Fig. 179. An Amphipod nearly related to (5amwiai'Z(S (somewhat enlarged). —A„
first and second antennae, 1 maxilliped, 2, 3 second and third thoracic feet, ce brood-pouch,

g gill, H3, H4, ffg third, fourth, and sixth abdominal feet.—After Sars.

The abdomen is seven-jointed (the terminal segment small). The
maxillipeds are fused at their bases. Some of the walking legs,

chiefly the anterior ones, are also prehensile organs, since the terminal

joint can move upon the penultimate. The basal joint of these

appendages (especially of the first four pairs) is laminate and

directed downwards, which gives the body a compressed appearance

(the thorax itself is not compressed, Fig. 180). The first three pairs

of abdominal limbs are powerful swimming legs, the

three hindmost, on the other hand are smaller,, somewhat stiff and
turned back. The Amphipoda have just such a marsupium as have
the Isopoda, but the larvae do not leave the eggs until all the limbs

are developed.

* This process cannot be taken as representing, the epipod, which arises from the
outer side of the basal joint (see Fig. 180).
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1

Most of the members of this group are active organisms swimming
and hopping about in the water ; the former is eifected by means of

the first three pair of abdominal limbs, the

latter by the flexure of the caudal appendage.

Other forms {see below) are less energetic.

Numerous species and individuals are marine,

occurring on the shore as well as in deeper

water, and in the open sea. A few are fresh-

water ; some live among seaweed of the shore,

or far from the coast on damp ground. A
few are parasitic.

Fig. 180. Transverse section of the thorax of Gam-
marus (enlarged). 1, 2 first and second joints of a leg, and

brood pouch ; h one of its constituent laminae, g gill,

li heart, o ovary, t gut, I liver, n ventral ganglion.—Adapted

from Sars.

1. The Fresh-water Shrimp {Gammarus) may be taken as a repre-

sentative of the typical Amphipod. Eyes faii-ly small, second and thii'd thoi-acic

Fie 181 1—2 Cavrella acutifrons, from above and from the 1^"-

(adapted).
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feet prehensile. Marine and fresh water : G. locusta, common on all Em-opean

coasts; the nearly allied G. jiuviatilis frequent in fi-esh water; the blind

G. (Niphargus) puteanus in springs.

2. Many genera of the Hyperidx are found in the open sea; these ai-e

transparent Amphipods, with colossal eyes ; some of them live in jelly fish and

other transpai-ent forms; in the common Aurelia, for instance, the species

Hyperia galha is often found.

3. The genus Caprella, Skeleton Shi-imp, characterised by i-udimentary

abdomen (reduced to a blunt process, and destitute of appendages), and the

possession of only six free thoracic segments (two of them being fused with the

head). The body is long and thin, almost filifoi-m ; the second and thii-d pau-s

of thoracic limbs form chelae (the first paii- of these is small, the other large) ; of

the fom-th and fifth pau-s only the basal joint and the gill lamella are present

(gills ai-e absent from all the other appendages), the sixth to the eighth are trae

ambulatory legs. Caprella is marine, and wanders about slowly over seaweeds

and colonial animals. Cyamus is nearly allied ; its six free thoracic segments

ai-e each produced on either side into a long process bearing a leg at the tip, so

that the body is flat and isopodan in appearance; in other respects very like

Caprella. Pai-asitic on the skin of the "Whale, devouring its thick epidennis.

Order 6. Decapoda.

The well-developed carapace is fused witli all eight thoracic

segments dorsally, but the lateral parts are free (branchiostegites),

and between them and the trunk there is, on either side, a roomy

cavity, the branchial chamber. The eyes are placed
on movable stalks, the antennules have as a rule (excepting

in Crabs) a lamellate, unjointed exopod. Of the thoracic legs

{see Fig. 170, p. 208), the three anterior pairs are modified to

form maxillipeds; the first pair is much flattened, as are also the

first and second maxillee ; the other two pairs differ but little from

the rest of the thoracic feet, but are usually much shorter. The
remaining five pairs of thoracic appendages are known as ambu-
latory legs. They are esseutiRlly walking legs, but one or

more pairs (usually the front pair) are generally modified to form
claws (chelae), the penultimate joint being elongated into a strong

process, against which the terminal joint bites. Such are used either

exclusively, or in addition to their normal function, as prehensile

organs. The maxillipeds have, as a rule, a very well-developed,

slender exopod, which is almost always absent from the ambula-
tory legs ; an e p i p o d may be present on both sets of thoracic

limbs, and always projects into the gill-cavity. The gills arise

from the epipods, from the sides of the thorax, and from the arthro-

dial membranes, between the thorax and its appendages. Each
consists of an axis with two series of lamellte, or with a large
number of filaments ; of such gills there are from five to twenty odd
on each side. They are situate in the branchial cavity, into which
water usually enters at the base of the thoracic feet, flows over the
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gills, and leaves it again at its anterior emd ; the current is kept u]>
by the constant vibrations of tlie large flat setose exopod of the
second raaxillte. The last (sixth) pair of abdominal legs, when
present, forms, with the terminal (seventh) segment, the

'

broad
caudal tin

; of the other five pairs, the first and second of the male
are, as a rule, partially or completely modified to form copulatbry
organs. The development of the abdomen is, in other respects,
very different in the different foriDS.

Fig. 182. Palmmon. 1—7 abdominal segments, ^4^

—

A„, first and second antenna;.
A„ex exopod of the latter; ffg, third and sixth abdominal appendages; K-^ third
thoracic appendage ( = third maxilliped) ; fourth thoracic appendage (= first ambulatory
limb)

; iTg eighth thoracic appendage ( = 5th ambulatory) ; S carapace.—After H. Milne
Edwards.

The Decapoda are furnished with a pair of auditory organs,
f-ituated in the basal joint of the antennules. In many (Prawns,

Lobsters, and others), each is a depression of the skin which opens on to

the upper surface of the joint, and encloses peculiar jointed sette (auditory

hairs), which are set in motion by the sound waves. Restiug upon

the auditory hairs are grains of sand and the like, which are intro-

duced into the sac by the animal, and take the place of otoliths. In

others the vesicle is closed, but contains similar auditory hairs, and

sometimes an otolith secreted by its walls ; in yet other forms with

a closed sac (Crabs), the otolith is wanting. In the simplest cases of all

(certain Prawns) there is no depression at the spot corresponding with

the auditory sac of other forms, but there is a number of auditory
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hairs* upon the skin. Such frree auditory h.airs may occur

also in Crustacea possessing the vesicle^ and may be present in other

regions {e.g., upon the abdomen); The Decapoda possess a very

strong gizzard, often with large, calcareous^ masticatory teeth. In

depressions in its side walls there are often to be found two rounded

calcareous masses, which are absorbed before a moult (" crabs' eyes,^'

or gastroliths). There is a large antennary gland, the "green

gland," opening by a small aperture in the base of the antenna.

As the eggs leave the oviducts they are firmly fixed on to the

swimmerets of the female, which never possesses a marsuj)ium, but

in spite of this almost always carries the eggs about
;

not, how-
ever, the larvce, or these only for a short time. The young ones

almost always undergo a com-

plete metamorphosis. Only
in a small number does a

free-swimming nauplius
represent the first stage, e.g.,

in the Prawn, Penceus {.see

below), and in some allied

forms. The majority are

further developed before

hatching, having attained

the so-called zotea stage,t
in which condition the animal

moves by the appendages
w^hich later form the m a x i 1 -

lipeds, and at this stage

are not connected with feed-

ing, but are solely natatory

in function. Swimming is

chiefly effected by the exo-

pods of these appendages.

The zogea displays furthei',

the nauplius eye and lateral

eyes, the two pairs of antennas

and the three pairs of jaws;
the carapace also is present;

but the ambulatory legs, and
the swimmerets, have not yet

appeared, or are only incipient, and the posterior part of the thorax,
and the abdomen, are not so pronounced as they become later. The forms'
which hatch as nauplii, pass through -the zojea stage later. In many

Fig. 183. Zo»a of a
•K/o

—

Kf^ second and third
Glaus.

Prawn enlarge d

.

maxillipeds.—After

* This is also the case in the Eiiphausida;.

t Decapoda at this stage were fornierly re^^arded as adiUt orsranisms and dpsorih^dunder the generic name of Zo^ea, hence, the name for theseW <aescxibed
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Decapods the zoaDa is followed by the my h i s-.s t a g e " (so-called
on account of its resemblance to the perfect Mysis), in which the
development of the ambulatory limbs is completed, and the
animals swim actively by means of their exopods and the posterior
maxillipeds; the swimmerets are still absent, or only imperfectly
developed. This stage is followed by the p r a w n-stage, in which the
exopods of the ambulatory limbs atrophy, whilst the swimmerets
are strongly developed, and form powerful swimming-organs, enabling
the animal, which in this, as well as the foregoing stages, is entirely or
almost transparent, to move actively about in the surface waters. For
one division of the Decapoda, the Natantia, the prawn-stage corresponds
with the adult; they remain throughout life in this state, the

Fig. 184. Mysis-stage of Penceus (enlarged). J—F the five ambulatory limbs
with long exopods and short endopods.—After Claus.

swimmerets being the pex-manent natatory-organs ; in another

division, the Reptantia, the prawn-stage is not permanent, but after

some time, the abdominal limbs, with the exception of the sixth pair,

atrophy
;
they cease to be swimming-organs, the animal becomes

opaque, and the power of swimming is lost.

Some Decapoda {e.g., the Lobster), hatch at the mysis-stage, and consequently

only pass thi-ough this and the prawn-stage. Others (e.g., Crabs) pass du-ect

from the Zosea to the prawn, missing out the mysis-stage, i.e., at no

time are the ambulatory Umbs provided with swimming rami.

The Decapoda constitute a very large group, including the largest

forms among the Malacostraca. Most of the species are marine ; a

comparatively small number (Cray-fish, some Prawns) are fresh-

water ; whilst a few are terrestrial.

Sub-Order 1. Natantia (Fratvns).

The skeleton of the Pra-vsTis is not very hard, it is merely

horny ;7^the animal is transparent or semi-transparent; the body is

compressed (Fig. 1 82) ; the a b d o m e n strong and curved, ami
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incapable of being straiglitened out. The carapace has a strong,

compressed and serrated frontal spine (rostrum). On the second

antenna is a large lamellar exopod ; tbere are long flexible flagella on

botli pairs of antennee, and large eyes borne upon long stalks. The

ambulatory appendages are thin and feeble ; the third

maxillipeds long and leg-like. The abdominal limbs, with

powerful peduncle and long laminee, are strong swimming-organs ;

from the inner edge of the inner ramus springs an appendage with

small hooks at the tip, by means of which each swinnneret is coupled

with its fellow, so that the two move in company. Prawns are for the

most part active swimmers, propelling themselves forwards through

the water by pa4dling-movements of the first five pairs of swim-

merets, whilst they are able to shoot backwards by powerful flexure of

the posterior portion of the abdomen and the caudal fin.

Some forms differ from the rest in tliat tliey take up tlieii' abode in Sponges^

etc., and ai-e more or less modified in con-elation with this semi-parasitism ; the

eyes and anteimse having become small, and so on.

Of the very numerous, mostly small, forms, only a few are quoted :

1. Penaius is a genus of large Prawns reaching the size of a Cray-fish,

which live only in warm seas (two species in the Mediterranean). They are

compressed and elongate, with small claws on the fii'st thi'ee pau'S of ambulatory

legs. Penseiis, and some of its relatives, are distinguished from all other

Decapods in that they hatch as n a u p 1 i i (Fig. 153).

2. The genus, Palaemon, is of frequent occmTence in Em-opean seas (Fig.

182). In this form only the first two pairs of ambulatoiy limbs are chelate ; it

hatches, like the gi-eat majority of Prawns, as a zosea, and later, passes

thi'ough a mysis-stage. Several species of this genus are edible, as also the

Common Shi'imp (
Grangon vulgaris), which differs inmany respects from Palxmon,

and lives in the sand on the coasts of Great Britain.

Sub-Order 2. Eeptantia.

The skeleton is generally thick, hard, and much calcified; the

animal opaque and coloured. The body is round or flat; the

abdomen, in some cases, very powerful and muscular, in others-

very degenerate; the rostrum short, not compressed. The
exopod of the second antenna is short or absent ; the antennary

flagella usually feeble, the eyes small, with shorter stalks,
than in Prawns. The second to the fifth pairs of ambulatory
legs are more or less powerful walking organs; the first pair

is, as a rule, much stronger than the rest, provided vnth large claws
and held up during locomotion ; the third maxilliped is short and not

leg-like. The abdominal legs are never swimming organs in the

perfect animal, with the exception of the sixth pair : they have, in the

female, the primary function of carrying the eggs, whilst in the male
the first two pairs serve as copulatory organs ; the three following-

are of little importance in the males, and consequently are often

absent or degenerate. The sixth pair ' forms, in some, a well-
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developed caudal fin, in others (Crabs), which have a feeble abdomen, it

is entirely wanting. The adult Reptantia move on the sea-bottoin by
means of their strong ambulatory legs (which in Prawns are of quite
subordinate locomotor importance), whilst they are incapable of
actually swimming;* those which have a muscular abdomen can shoot
backAvards like the Prawns.

1. The Lobster {Hoinarus vulgaris) is a large dark-blue Crustacean with
a very muscular taU and wide fin; second antenna, with exopod, and a long,
powerful flagellum. The first pair of ambulatory legs are strong chel<e, of which
one (sometimes the right, sometmies the left) is the larger, and is beset with more
knob-like teeth than the other ; the second and third pairs are also chelate, but

Fig- 185. Fig. 186.

Fig. 185. Quite a young Lo b s t e r - 1 ar va (Mysis-stage), dorsal and lateral views,

enlarged.—After Sars.

Fig. 186.—Newly hatched Cray-fish, enlarged.—After Huxley.

•are no stronger than the remaining two pairs. The Lobster does not pass

through a zosea stage, but at hatching is aheady pro-\aded with all the

ambulatory limbs, which, like the thii-d maxUliped, bear swimming rami, by
means of which the almost transparent animal rows itself thi-ough the water.

The mysis-stage is followed by a prawn-stage, from which, finally, the perfect

animal emerges. Common on Em-opean coasts, especially on the coast of Noi-waj'

:

an allied species is caught in quantities on the coast of North America.

2. The Cray-fish (Astacus fluviatilis) is in most respects like the

Lobster (three pairs of chelae, etc.), but differs from it, among other things, in

that the body is smaller and somewhat thicker, that the lai-ge chelae of the fii-st

pair are equal, and that the feeler of the second antenna is shorfer and weakei".

With reference to the development, the Cray-fish behaves very differently,

not only from the Lobster, but also from almost all Decapods. When the yoimg

one leaves the egg it is aheady in most i-espects like the adult animal; in

Xjarticular, all the ambulatory legs are nearly as well developed, and have no

* Some Crabs, in which the last pair of thoracic appendages is much ISattened,

execute by theii* means a sort of swiiuming.movement.
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exopods. Of the abdominal limbs tbe last paii-, bowever, is not yet present. It

is evident from tbis tbat tbe Cray-fisb does not pass tbi-ougb a mysis-stage, nor,

so far as is known, tbrougb a prawn-stage. Tbe young ones cling for a time

to tbe abdominal bmbs of tbe parent.

3. Tbe Oraw-fisb (Palinurus) are large, spiny Crustaceans, wbicb

resemble Lobsters in most respects, altbougb tbey differ in tbat none of tbe

ambulatory limbs (all of wbicb are of about equal strengtb) are modified as cbelaj;

tbe second antenna is provided witb a very long and strong flagellum. A species

living on English coasts, P. vulgaris, can produce a creaking sound by

Fig. 187. Phyllozoma, slightly enlarged. The four best developed pairs of appendages

are : third maxilliped, first to third ambulatory legs.

rubbing tbe peduncle of tbe second antenna against a median projection of

tbe bead. Scyllarus is nearly-related to tbe Craw-fisb, but differs from it in tbat

tbe long multiai-ticulate feeler is replaced by a sbort, broad, unsegmented plate.

Tbe larva in botb genera is very singular, batcbing in tbe mysis-stage,

although tbe binder tboracic feet are not yet present ; it is called Phyllosoma,

and is chiefly characterised by its leaf-like and flattened form ; tbe carapace,

tha-ough which the branching of tbe liver may be seen, is a flat plate, and does

not cover over tbe whole thorax ; the latter is a roundish disc, at whose edge the

long locomotor limbs (the third maxillipeds and the ambulatory legs witb small

swimming-rami) are articulated. Tbe abdomen is an unimportant appendage.

4. The Hermit-crabs (Pagurus) are characterised by having tbe abdomen
modified into a large membranous sac witb hardly any muscles, but almost

entirely occupied by the lai-ge liver, and tbe gonads, which have moved down
from tbe thorax. Tbe abdomen is concealed in an empty gastropod shell which tbe

animal carries about ; it is always asymmetrical; its ventral side is

entirely membranous, but dorsally there are traces of the tergal portions of

the abdominal segments, as thin plates separated by large soft-skinned inter-

spaces: tbe last two segments alone are somewhat harder; tbe penultimate

bears a small pair of abdominal appendages by which, witb the help of tbe

seventh segment, the animal keeps in the shell. Of tbe other abdominal append-
ages only those of tbe left side are present (tbe first pair is often
entirely wanting). The ambiilatory legs are also peculiar; tbe first pair are

strong chelae, the second and third simple walking legs, tbe fourth and fifth are

Q
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very small and assist in holding tlie animal in its shell ; the fifth have also the
work of cleaning o\it the gill-cavity* into which they are introduced from behind.
The Hermit-crabs hatch as z o ae se and pass directly from this condition to the
prawn-state, in which they swim about by means of the abdominal appendages

;

the abdomen at this time is muscular and perfectly symmetrical. At the con-
clusion of this stage the animal seeks a small empty shell which it later exchanges
for others of a gradually increasing size. Hermit-crabs are found in all seas.

P. Bertihardus lives in the North Sea and in the English Channel, and lodges m
the shell of the Whelk.

5. Crabs (Brachyura) are a division of the Decapoda, consisting of

many genera, and veiy rich in species, forming, as it were, the summit of
this sub-order; for on the one hand the perfection of the posterior
thoracic legs as ambulatory organs, on the other, the reduction
of the abdomen, here reaches its climax. The body is broad (the

cephalothorax fi-equently wider than long), the abdomen is much flattened,

shoi-t, and feeble, and is tui-ned up on the ventral side of the thoi-ax; in the

female it is wider than in the male. The antennae are shoi-t, the second antenna
has no exopod ; the last maxillipeds are laminate, covering the other mouth pai-ts

like folding-doors. Only the first parr of ambulatory appendages are chelate,

the rest are strong walking legs. The sixth pair of abdominal legs (those

of the catidal fin) are wanting; in the female the eggs are can-ied by the

second to the fifth (the first pair is, as a rule, missing) ; in the male, only the fii-st

and second pairs, which form the copulatory organs, ai-e present. The Crabs

hatch as z o se se vdth the fii-st and second maxillipeds developed as natatory

organs (the third pair is not developed in this way) ; the crab-zoaea is often

chai'acterised by having long spines on its short carapace. There is no mysis-

stage, but the young one passes thi-ough a prawn-stage (the so-called megalops),

in which it is in most respects like the adult animal, but the more powerful

abdomen is backwardly dii-ected, and is provided with appendages which act

as swimmerets. Finally the abdomen and its appendages become reduced, theABO

Fig. 188. .4, zoaja of a Crab, E C prawn-s«tage from above and from the side,,

enlarged (in C the walking legs are for the most part cut off). A^, A„ first and second

antenna, 1—3 maxillipeds, last abdominal leg, T dorsal spine.—After Rathke.

« In some Prawns (probably many) the first, somewhat feeble, ambulatory legs aie

put to the same use. They are pushed into the cavity from in front and below, and

briish over the gills to clean them.
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tail doubles up, and the Grab is bencefortli a creeping animal. Tbe Shore Crab

(Carcinas moenas) occurs in gi-eat numbers on the coasts of England and other

pai-ts of Europe. Like other Crabs it is an active, crafty, predaceous animal,

which makes strenuous resistance when attacked. The large and broad, thick-

shelled form. Black-clawed Crab or Punger {Cancer pagurus), also

lives on English coasts hi deeper water.

Order 7. Stomatopoda.

The Stomatopoda are Malacostraca with, large stalked eyes,

witli a carapace, and with, a powerful abdomen. The

carapace is, however, relatively small, and the four posterior thoracic

segments are free, movable, strongly built, and not covered by it.

The abdomen is strong, almost straight, with the usual six pairs of

appendages, of which the hindmost forms the tail fin, together with

the seventh segment, whilst those of the other five pairs are all strong.

Fig. 189. Squilla. VIII eighth thoracic segment ; 1, 7 first and seventh abdominal
segments; A^, antennae; g gill; Hj^, Hq first and sixth abdominal appendages;
K^, Kg second and eighth thoracic appendages ; o eye ; 8 carapace.—After Liitken.

swimming feet, coupled together, and bearing on their outer rami,

large, branching gills. Of the eight pairs of thoracic limbs, the

first five are all prehensile ; the last joint can be folded back upon
the penultimate. The second pair is specially well developed. The
last three pairs of thoracic appendages are feeble walking legs. The
Stomatopoda do not carry their eggs about. The young animal passes

through a metamorphosis, the first stages of which are not

accurately known. The more advanced larv^ are delicate and
transparent, but otherwise very like the adult

;
they are characteristic

members of the pelagic fauna.

The group, which includes relatively few and fairly uniform
members, belongs to warm seas. A noteworthy species, Squilla

mantis, is found on English coasts.

Class 2. 1/Cyriapoda {Centipedes).

The multiarticulate, usually elongate body, is covered with a
chitinous skin, which may, or may not, be calcified. The head is

clearly defined, and is provided on either side with a group of

ocelli, more rarely with true lateral compound eyes; it bears also

Q 2
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one pair of a n t e n n ae , which are simply filiform or feebly clavate,

and the usual three pairs of jaws, or two only. The body is

not divided further into regions, but consists usually of a large

number of essentially similar segments, which bear short cylindrical

legs, each composed of a simple series of joints (6—7).

The Myriapoda resemble the Tnsecta in their internal structure.

The alimentary canal is generally straight, and is divided

into a narrow oesophagus, a cylindrical mesenteron, and a narrower

hind-gut
;
salivaiy glands open close to the mouth ; at the junction

of the mesenteron and hind-gut, open two (or more rarely four)

Malpighian tubules [cf. Insecta) ; the anus is in the terminal

segment. There is no liver. The heart is a long dorsal tube

with paired lateral slits, through which blood enters ; it gives off an

anterior, and a series of lateral arteries, whilst the

blood also flows through the various slits and spaces

of the body. The Myriapods, like Insects, have a

system of air-carrying tubes, atracheal system,
Avhich ramifies throughout the body, and opens by

stigmata, generally at the base of certain of the

pairs of legs. The nervous system is of the

usual arthropod type ; the ventral nerve ganglia are

generally equally developed in correspondence with

the uniform development of the body segments. The

ovaries or testes are always fused into an

T:^npaired organ, which in the Ohilopoda, opens

Fig. 191.

Fig. 190.

Fig 190 Digestive tract of Lithobim (Chilopoda). a anus,

h hind-gut, m mesenteron, s salivary gland, Malpighian tubule,

V oesophagus.—After Plateau.

Fig. 191. Newly-hatched larva of a Diplopod.

nikofE.

-After Metsch-

ventrally at the end of the body, in front of the anus, by a smgle

aperture; whilst in the Diplopoda, a pair of genital pores lies between

the second and third pairs of legs, and thus far forward on the

ventral side of the body. In this last group, the bmbs of the

seventh segment are usually modified in the males, to form copulatory
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organs, wliicli are filled before coitus, with spermatozoa, and inserted

in tlie genital aperture of the female.*

In most Diplopoda {e.g. lulus) the eggs ai-e laid in masses, covered by a small

mound, perforated at its apex, and formed of earth and a glandular secretion.

Glomeris, however, smi-ounds each egg with a spherical covering of earth.

The Diplopoda and some Chilopoda have, when they leave the

egg, fewer segments and appendages than later ; in the former, the

newly-hatched young ones have usually only three pairs of legs (that

of lulus is quite apodous) ; in the latter there are seven pairs. Other

Scolopendridge have the full number on hatching.

The Centipedes constitute a relatively small division. They are,

without exception, terrestrial
;
inhabiting damp, shady places, under

leaves, in the soil, etc.

In most points they ai-e so nearly allied with the lai-ge class following, the

Insects, that it might be thought best to incorporate them with that gi-oup.

They ai-e, however, regarded here as a distinct class, because they offer certain

peculiarities which woidd mark them off as very aberrant Insects, and interfei'e

with the clear definition of that group.

Order 1. Chilopoda {Scolopendras).

The head is flat and bears three pairs of jaws, of which the first

maxillae have very often undergone concrescence in the mid-line.

The basal joint of the second

maxilla also coalesces with its

fellow of the other side, whilst the

other joints form a palp. The rest

of the body, which often consists

of a very large number of segments,

is flattened dorso-ventrally; the legs

arise far apart from one another

(Fig. 193 A), from the soft, lateral

portions of the segment, one pair

to each segment. The foremost
pair of legs is very different

from the rest; it is very strongly

developed, and forms a pair of stout,

hook-like organs, at the tip of which
is the opening of a poison gland
(the poison-claws). The last

pair also is usually somewhat
modified, being longer than the

others and turned back. It

has already been remarked that
the genital organs open at the posterior end.

rig. 192. Hpad and anterior trunk
segments ofaScolopendra, from below.
a antenna (the greater part cut off),
it first maxilla (the greater part covered),
V palp of second maxilla, p' first pair of
legs, h its fused basal joints, j'" second
pair of legs.—Orig.

* In one genus of the Diplopoda, Qlomens, the terminal pair of legs forms the
copuiatory organs.
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The Scolopendras, of which several species are luminous, are
active and predaceous, killing their food with the poison-claws. In
temperate zones the few species are relatively small; they attain to an
important size in the Tropics (to a foot long). In England, there
are several species of Lithohius, and others.

Order 2. Chilognatha or Diplopoda.

Only two pairs of jaws, generally termed mandibles andmaxillas,
are present. The structure of the body is very peculiar : whilst the
two legs of each pair arise far apart in the Chilopoda, separated by a
wide sternal plate, here they are articulated near to one another on
the ventral side. Moreover, most segments bear two pairs of legs,

indicating that each segment has really arisen by the fusion of two.
The four segments following the head have not, however, more than
one pair of legs each

;
indeed, one of them is altogether apodous.

The shape of the segments varies: in some (Fig. 198 B) they are

A BCD

Fig. 193. Transverse sections -. A Of a. Chilopod. B—D Of different Dijlopoda
(B lulus, D Olomeris), F lateral outgrowth.—Orig.

cylindrical ; in others each segment is a compressed cylinder, but

possesses a short lateral process, which gives the body a more flattened

appearance (Fig. 193 C) ; in others, again, the body is itself flattened,

convex dorsally and concave ventrally (Fig. 193 D). The legs,

which are feeble and thin, are turned out
;
they are all essentially

alike (excepting those which serve in the males as copulatory organs,

see above). It has already been stated that the genital apertures are

anterior and that copulatory limbs are present.

The members of this order are sluggish animals, which live on

decaying or soft vegetable matter or animal remains. When dis-

turbed, they roll themselves together.

Occim-ing in England are lulus, -with an elongate, cylindi-ical body; and

Glomeris, with slioi-t, semi-cylindi-ical body, composed of so few segments that

it beai'8 a superficial resemblance to Armadillidium.
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Class 3. Insecta.

The insectan body is divided into three sections : head, thorax,

and abdomen. The head is sharply marked off from the thorax,

and is usually freely movable : on each side there is a sessile com-

pound eye consisting of a very large number (twenty to many

thousands) of small ocelli, covered externally by convex facets;

each of these is usually hexagonal in shape, and corresponds in

position with an ocellus. In many Insects the eyes occupy a very

large part of the head (in many Diptera, for instance, almost the

whole of it). In form they are most frequently circular, but often

kidney-shaped, and so on. Occasionally the compound eyes are

1 2 3 4 5 6 7

Fig. 194. Antennae of various Insects. 1 bristle-like, 2 filiform, 3 moniUform,
4 pectinate, 5— 7 clavate (7 with laminate club).—After Judeich and Nitsche.

replaced by small groups of ocelli* (Collembola), or by a single

ocellus on each side (Fleas and Lice). In many Insects, there

are from one to three ocelli on the middle of the head, in addition

to the compound eyest (c/., the nauplius eye of Crustacea) . From the

head, arises a pair of antennae or feelers, which either

consist of a limited number of well-developed joints, or of a large

number of very short ones. The form of the antennee is very varied

;

at the simplest, they are filiform or bristle-like, but they are some-

times moniliform (much constricted at the joints), pectinate (the

joints being produced on one or on both sides into processes), or

clavate (club-shaped).

The head also bears the mouth and the surrounding mouth-
parts, which vary greatly in form, though all may be referred

' to a common type. The simplest and most primitive condition is

presented by the biting mouth-parts of the Orthoptera, the

Coleoptera, the Neuroptera, and the Hymenoptera, where an upper

* Only the adult Insect is referred to here ; for larval arrangements, see below,

t Absent from nearly all Beetles.
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lip and tliree pairs of jaws occur. The upper lip (lab rum)
is a broad, movable unpaired plate, situated in front of the
mouth. Behind the labrum are the mandibles, which are very

1

/ (

s

c
1

1

B

0

Fig. 195. Diagrams of the mouth parts of various Insects. J An Insect with biting
mouth-parts, B a Butterfly, Ca Fly. 1 labrum, 2 mandible, 3 first maxilla,

c cardo, a stipes, /' galea, /" lacinia, p, palp. 4 Second maxilla= labium, c submentum,
s mentum, /'glossa, /" paraglossa of Ugula, p palp, / proboscis of B and C.— Orig.

much like those of the Crustacea in general structure, though as

the palp is always wanting, each consists of a single, unsegmented,

piece, which can be moved inwards (towards the middle line) or

outwards; its inner sui-face forms a cutting edge, and at its base
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tliere is a grooved or tuberculate grinding denticle, tlie latter being

best developed in the Herbivorous forms, whilst the former is more

prominent in predaceous Insects. The first maxilla usually con-

sists of six to eight joints, of which the basal joint [cardo) is short, the

second (stipes) large, and produced into two long lobes, the inner

(galea) being usually fringed with stiff setae along its outer edge ; the

outer (lacinia), in several forms, consisting of two joints. Sometimes

only a single lobe is present. The rest of the maxilla, which

usually consists of four to six joints, forms a curved p a 1 ^3 . The first

maxillas are prehensile and gustatory in function, whilst the mandibles

are masticatory
;
sometimes, however, the former also assist in masti-

cation. The second maxillte are similar to the first, but are

distinguished by the fact that the two cardines are always fused to

form a single plate (mentum) ; the stipes, too, are more or less

completely fused, and the lobes are often considerably modified as

compared with those of the first maxillas ; the palps are like those of

the first maxillae, but never consist of more than four joints. The
second maxillas are usually spoken of as the labium, their palps

as the labial palps, the lobes as glossce and paraglossce. The
labium is, of course, not comparable with the lower lip of the

Crustacea ; it is, like the mandible and first maxillee, a pair of limbs,

and corresponds with the second maxillae of the Crustacea, whilst

the lower lip of the latter is a membranous fold which is not repre-

sented in the Insects. The labium here forms the posterior, as the

1 a b r u m forms the anterior, boundary of the mouth.

In Insects with sucking mouth - parts the same elements

occur, but modified in different ways in accordance with the change
of function. In the Lepidoptera, the labrum is simply a short.ABC D

Fig. 196. Diagrammatic transverse section of the proboscis of: A Butterfly,
B Ehynchota, C Tabanas (Gad-fiy), D Musca (another of the Diptera in which
mandibles and first maxilla are wanting), su sucking tube through which the fluid passes
to the mouth ; s salivary tube, o labrum, m mandibles, k first maxillee, u labium, h hypo-
pharynx.—Orig.

broad plate with no special significance; the mandibles are rudi-

mentary or absent. The first maxillas on the other hand are
well-developed ; each possesses only a single lobe, which is elongate
and gutter-like, forming, with its fellow of the other side, a long
tube, open at the end; this tube is the sucking apparatus, the
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proboscis of the butterfly. Maxillary palps are present, but
feeble. The unpaired portion of the labium is not well developed,
but the palps are large setigerous lobes, enclosing the proboscis,

which is spirally coiled when not in use. In the Rhynchota the

suctorial tube is formed by the mandibles, which are represented

by two compressed blades without palps ; two grooves run down the

inner surfaces of the blades, which are so fitted together that they

form two tubes, an upper and a lower. . The proximal opening of the

lower tube lies close to the opening of the duct of the salivary gland,

and saliva passes down it, to be mixed with the food before it is

sucked up into the mouth through the upper, wider canal. At the

sides of the mandibles lie two other dagger-like organs, the modified

first maxillee, pointed like them, and thus adapted to act as

stabbing Aveapons ; their palps are wanting, both pairs of appendages

are inserted in deep pits, and can be protruded or withdrawn. The
labium is characterised by the fusion of the palps, so that the

whole lower lip is an unpaired structure of three or four joints,

hollowed out like a gutter, and forming a sheath surrounding the

mandibles and first maxillge. This sheath is open above, but the

opening is simply a slit along most of its length, widening out only

at the base, where it is covered by the triangular labrum. Formerly

the labium of the Ehynchota was regarded as the functional tube, but

it is now knovm to be simply a case for the sucking tube proper, which

is formed from the mandibles. In the D i p t e r a the relations are as

follows: In the most perfectly developed mouth parts (fi.^,, in

the G-nat and the Grad-fly \_Tahanus] ) there is a labium of consider-

able length, much hollowed out on its under surface ; beneath this lie

the flattened, sword-like mandibles, which together with the labrum

form the proboscis. Below the mandibles lies an unpaired, narrow,

flattened piece, the hypopharynx, which arises posteriorly from

the labium ; it is traversed by the salivary tube which opens at its

tip. Next below lie the first maxillae, which, like the mandibles,

are long, narrow, blade-like stabbing or cutting organs ; a large palp

arises from the base of each. All these parts are enclosed by a long

furrowed labium, which has no palp, and like that of the Rhjnichota,

only forms a case for the rest of the mouth parts ; the maxillary palps

alone are not surrounded by the labium, but project freely at its base.

In other Diptera {e.g., House-flies), the mandibles and first maxilla?

(with the exception of the basal portions of the latter and their palps)

are wanting ; in this case, the place of the mandibles is supplied by the

hypopharynx, which closes the labial groove below. In the

Hymenoptera most of which possess simple biting mouth parts,

these may, as in the Bees, be both biting and sucking : the mandibles

performing the former, the first maxillffi and labium together

subserving the latter, function.
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The t 11 o r a X is composed of three segments :prothorax,meso-

thorax, andmetathorax. Usually the last two are immovably

united, the pro-thorax freely articulated. Bach bears a pair of legs,

which 'are divided into the following parts : coxa, trochanter,

femur, tibia, and tarsus; each of the first four consists of a

single joint only, whilst the tarsus is generally multiarticulate. The

coxa and trochanter are usually short, the femur and tibia long, the

former thicker than the latter; articulating with the lower end of

the tibia there is generally a pair of movable spines (spurs). The

tarsus in many Insects consists of five joints (sometimes of fewer),

and usually bears at its tip two movable hooks, the claws. The

legs are true loco-

motor organs ; in

walking, the animal

rests on the lower

side of the tarsus,

which is often hairy
;

the distal end of the

femur is turned out-

wards, that of the

tibia downwards, the

tip of the tarsus out-

wards ; in the first

pair of legs the foot

is forwardly directed,

in the last pair back-

wardly. In many
forms the legs, or some of them, have another function besides that

already mentioned. The front pair in the Cockchafer serve not

only for ambulatory purposes but also for digging; in others the

legs are so modified in connection with the secondary office, that

their primitive function is lost. The first pair in the Mole-

cricket, for instance, is only used for digging ; the same pair in

Water-scorpions for organs of prehension ; the last pair in the Locust

forms a springing apparatus, whilst in Dytiscus it is pre-eminently

natatory in function.

The thorax usually bears two pairs of wings, which arise dorso-

laterally from the meso- and meta-thorax. Each wing is a large,

laminate, tegumentary outgrowth, which primitively possesses the

same layers as the rest of the skin, i.e., is covered on each side

with a chitinous layer (cuticle), within which, on each side, is an
epidermal layer, whilst between the two epidermal layers run
tracheae, nerves, etc. When the wing is fully developed, however,

the soft parts disappear, so that it then consists of little else than
two closely apposed chitinous plates. The wings articulate with

Fig. 197. Transverse section through the thorax of

a Beetle (diagrammatic), a' elytra, wings, k body-wall;

c coxa, t (upper) trochanter, t' (lower) tibia, ta tarsus, u
claws.—Orig.
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the thorax, and are moved by a muscular apparatus
;

they are
usually thin transparent plates, in which a network of somewhat
thicker, more firmly chitinised, and darker ribs occur : not in-

frequently they are sparsely or entirely covered Avith setae (see

the Lepidoptera) . The two pairs are often almost identical in form
and size, more frequently, as in certain Libellulidae, they difPer

somewhat in these respects ; sometimes the anterior, sometimes the
posterior, pair is the larger. During flight, they are spread laterally,

but when at rest, they turn somewhat back^vards, so as to cover
the abdomen, and the wings of the first pair overlie the second
ones, which are then often folded like a fan.* In correlation with
this, the anterior wings have been modified, in many Insects (Locusts,

Beetles), to form wing-cases, or elytra; they are thicker and
harder, and serve chiefly or exclusively to cover and to protect the

posterior pair during rest, whilst their locomotor importance is

lost ; the hind wings, which are usually large, lie beneath them,

folded longitudinally or transversely. The elytra attain their greatest

development in Beetles (Fig. 197), where they not only protect the

posterior wings most efiiciently, but also the dorsal surface of the

abdomen (which is, therefore, softer than the ventral side) ; for

their inner edges are straight, and fit closely together, and their

outer edges are coincident with the lateral body-wall. It results,

therefore, that in many Beetles, which are apterous, or have rudi-

mentary wings only, well-developed elytra are, nevertheless, present.

Another modification of one pair of wings occurs in the Diptera, where

the hind ones are developed as small club-like appendages

(h a 1 1 e r e s) , the significance of which is not clear, but which are

certainly not organs of flight. In a number of Insects belonging to

various groups, the wings are rudimentary, or altogether absent

;

many of these forms are parasitic.

The abdomen, the posterior apodous region of the body, consists

of ten or fewer segments, which are usually freely articulated, although

occasionally some of them are fused ; there is not generally such a

deep constriction between the thorax and abdomen as between the

head and thorax. In each abdominal segment a dorsal and a ventral

plate (tergum and sternum) is usually distinguishable, connected by

softer portions. In some Insects (Mole-cricket, Dragon-fly), the

posterior end of the abdomen bears a pair of jointed or unjointed

anal cerci, which turn backwards, but otherwise there are no

abdominal limbs or limb-like appei;idages.t

* But occasionally the first pair of wings are folded when at rest.

t In some genera belonging to the Thysanura, a group which consists entirely

of apterous Insects with biting mouth parts, there are, on the ventral side of the

abdominal segments, small paired appendages, which are not jointed, but which are

quite like limbs in their mode of origin. It must be mentioned, too, that in many

insectan embryos, definite rudiments of limbs bud out from the fii-st abdominal

segments (sometimes from several), but these atrophy before hatching.
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The chitinous cuticle in Insects is not calcified, but, not-

withstanding this, it frequently attains a very considerable firmness,

and is often of great thickness
;
below, there is an epidermis often

called hypodermis, usually a single layer of cells. In connection

Avith the skin, there are frequently skin -glands; of these may

Fig. 198. Diagram of tte principal anatomical points ik an Insect. 1—3 first and
third pairs of legs cut away, a anus, c cerebral ganglion, ch mesenteron, e proctodseum,

g genital aperture, h heart, h crop, m mouth, n ventral ganglion, sp salivary gland.

It Malpighian tubule, oe ovary.—Orig.

0

be mentioned, the stink-glands on the ventral side of the thorax, in

the Hemiptera ; the anal-glands of the Carabidse ; the wax-glands

of Apidse and of Cocci. Some are gland-cells, some true glands

;

sometimes they are represented by simple, flat, thickened portions of

the epidermis (wax glands of Bees).

The nervous system is characterised by the great size to

which the cerebral ganglion often attains. The most anterior of the

ventral series, the s u b -

oesophageal, is situated

in the head, like the cerebral

ganglion, and gives off

branches to the mouth-parts.

This is succeeded by three

single or paired ganglia, one

for each thoracic segment,

and lastly, by a series of

abdominal ganglia. Often,

however, some of these fuse
;

the second and third thoracics

may, for instance; the pos-

terior abdominals also, or the

second and third thoracics

Fig. 199. Nervous system of an
ant (A), a cockchafer (B), and a blue-
bottle (C). ?i cerebral ganglion, a
8ub-oesophageal ganglion, 1—3 the
three thoracic ganglia, — ab-
dominal ganglia, a fused abdominal
ganglia, sp pas.sage for the oeso-
phagus.—After Brandt.
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and all the abdominal ganglia may unite to form a single mass,
which, in extreme cases, includes also the first thoracic ganglion.

Sense organs. Olfactory organs occur as short, delicate,

thin-walled hairs, which receive filiform processes from sense-cells

lying beneath them (Fig. 18) ; they occur on the antennae, often situated

in pits. Auditory organs probably occur in the majority of In-

sects, since there is direct proof that many can perceive sounds ; and
indirectly, it is probable that, since many can produce noises, they can

also perceive them ; these organs are, however, at present only known
with certainty for quite a few forms. In the Grasshoppers, there is

on the side of the first abdominal segment a thin membrane (the

"tympanum/' a specially developed portion of the skin), stretched at

the bottom of a depression. Beneath the membrane there are peculiar

cells, each inclosing a delicate pin-like body, and connected with a

nerve fibre. It is believed that the membrane is caused to vibrate by
sound waves, and that this reacts on the cells described ; the sound

is intensified by a tracheal bladder, which lies close to the tympanum,

and serves as a resonator. Auditory organs of a somewhat different

structure occur in the Locusts on the tibiffi of the first pair of legs.

In other cases there are cells like those described above, but without

tympanum or resonator, and it is supposed that these may also be

regarded as simple auditory apparatus. For eyes, the account on

p. 281, and the description of the structure of Arthropod eyes given

in the General Part, may be consulted.

Alimentary canal. In Insects with sucking mouth-parts,

strong muscles run from the buccal cavity to the inner side of the

head : the cavity of the mouth is enlarged by their contraction, and

thus the fluid into which the proboscis is dipped is drawn in. One or

more pairs of salivary

glands open into the mouth.

The rest of the alimentary

canal, which may be

straight or looped, is made

up of the oesophagus, the

mesenteron, and the proc-

todasum. The oesophagus

is usually narrow in front,

but swells out behind into

a crop, which is either

a simple dilation or a special pouch-like appendage connected with

the rest of the oesophagus by a narrow duct; this is the case in

many suctorial Insects. The crop serves as a reservoir for the food.

Occasionally the terminal part of the oesophagus is particularly

muscular, provided with hard parts on the inner surface, and

serves as a gizzard. The mesenteron is the essential digestive

portion, though the secretion of the salivary glands assists in this

06

Fig. 200. Diagrammatic longitudinal section of

the head of an insect with sucking mouth-parts.

su sucking tube, m buccal cavity, mu muscles which

widen the latter, ce oesophagus.—Orig.
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connection ; it is also tlie absorptive region ; it is saccular,

and sometimes separated into several sections. The epithelium

of the alimentary canal secretes the digestive fluid ; sometimes

small evaginations, which project externally from the alimentary

canal as warts or papillEe^ may have this function ; there is never

a specialised liver. The proctodseum is usually divided into an

anterior narrower and a posterior wider portion ; the anus is situated

Fig-. 201.

Fig. 202.

Fig. 201. Diagram of the
chief trunks of the tracheal
system of an Insect ; the
central nervous system is also

shown, a antenna, o eye, sf
anterior stigma, I longitudinal
trunlf.—After Kolbe.

Fig. 202. Portion of a
trachea from a Gall - fly

larva (somewhat diagrammatic),
z a cell of the wall.—Orig.

on the terminal segment. The Malpighian tubules, delicate
unbranched, brightly-coloured (white, yellow, brown, or green) tubes,
open into the proctodaeum at its junction with the mesenteron. There
IS usually only a small number, four to six, when they reach a con-
siderable length ; in the Hymenoptera and some of the Orthoptera,
however, there is a much larger number of shorter tubes. These
constitute the excretory apparatus.
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The respiratory organs are represented by a system of
tubes containing air, the trachege, which branch over the whole
body, winding about among the organs and communicating with the
exterior by the stigmata, which, like the whole system, are
symmetrically disposed. There are at most ten pairs of stigmata, one
pair on the mesothorax, one on the metathorax, and one on each of the
eight anterior abdominal segments, where they lie between the sterna
and terga ; there are no stigmata on the head or prothorax,''^ The
stigmata are usually slit-like apertures, which are frequently provided
with marginal setaB (Fig. 203 s), overlying the opening and pre-

venting the entrance of foreign bodies ; the same end may be
ixttained in other ways. A short transverse stem usually runs in-

B

muscle contracts,

the three pieces.

and c are pushed
stigma, t trachea.-

liiMllll
if

against b, and
-Orig.

Fig. 203. Apparatus for

closing the trachea of a Beetle
(diagrammatic). A the appa-
ratus by itself, opened. B The
trachea with the. apparatus
closed. The apparatus consists

of three chitinous pieces which
surround the trachea like a
ring ; the piece (6) is as long as
the two others together ; one
of these (n) sends out a process
for the attachment of a muscle
(m), which takes its origin from
the third piece (c). When the

the trachea is clamped between

wards from the stigma to open into one of the main tracheal trunks,

a varying number of which traverse the whole length of the animal,

connected with each other by several transverse vessels and giving

off numerous branches which anastomose over the whole body.

Occasionally the longitudinal trunks are absent, and the trachea

arising from each stigma breaks up directly into a number of branches

which are entirely independent of the rest. Some of the tracheae

may be dilated to form vesicles, which vary in size, but are some-

times quite large. These vesicles have no actual respiratory signifi-

cance, but serve to decrease the specific gravity of the body, and are

thus of importance in flight ; in other words the tracheal system is

not only respiratory, but in many forms is also aerostatic. All

the tracheas are covered by a thin chitinous cuticle which, in the

coarser tubes (but not in the vesicular dilations), is supported by a

delicate spiral thickening. Respiration is effected by move-

ments of the abdomen
;
by its contraction part of the air is forced out

from the tracheee, and when it expands again a fresh suppl}^ enters.

* The position of some of the stigmata may often be changed, those belonging to

the mesothorax may lie between the prothorax and mesothorax (Pig. 201) or even,

.as in caterpillars, on the prothorax.
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In order that the air shall have access to the most distant branches

of the system, the trachea arising from the stigma, possesses a

peculiar apparatus by which it may be completely closed ; when this

is effected, and the abdomen contracts, air cannot escape from the

stigma, and is, therefore, driven into the ultimate branches and into

the vesicles. When the abdomen is relaxed, and the closing-

apparatus opened, a new supply of air streams in ; then by the

contraction of the abdomen, and the simultaneous closing of the

stigma, this fresh supply is driven again into the finest branches and

vesicles. By repetition of these processes, the tracheal system is

filled with air, and the vesicles completely expanded; this is of

especial significance in its function as eerostatic apparatus ; and

before flight, individuals may be seen expanding with air thus

pumped in.

The traclieas arise as epidei-mal invaginations, wliicli brancli freely, and

unite to form the large longitudinal tiiinks
;
they secrete a cuticle just as does

the epidermis. The apertiu-es of the invaginations form the stigmata. At an

•ecdysis, the ciiticle of the tracheae is also renewed, the old cuticle being thi-own

out thi-ough the stigmata.

In a number of aquatic insectan larvse (Dragon-flies, May-flies, Neui-optera),

the tracheal system is closed, i.e. without open stigmata. The oxygen s

obtained endosmotically from the water by means of the "tracheal gills,"

membranous appendages, with large surfaces, and containing a close tracheal

network.

In addition to the respiratory and aerostatic function, the tracheal system of

many Insects is also concerned in the production of sounds. Thin

membranous folds often occiu- within the tracheae, close to the stigmata
; they

are set in vibration by the air entering the tracheee, and thus produce a sound

(buzzing of Flies and of Cockchafers). The noises made by Insects are also

brought about in many other ways. Flies, Bees, and Gnats, all of which produce

soimds by the vibration of the tracheal folds, can also make humming noises by
the rapid movements of the wings. Others rab various parts of the siu-face

of the body against one another. The male Grasshopper, for instance, rubs a

dentate ridge of the tibia of the last leg against the elytron of the same
side; others again, strike some pai-t of the body against a foreign object (the

Fiddler-beetles for instance, knock theii" heads against the wall of the

passages they have gnawed in wood, and thus cause the well-known ticking

sound).

Some Insects are luminous in the dark. The light proceeds from large

cells situated within the body beneath transparent arese of the skin, and depends
upon the oxidation of cei-tain substances present in the cells, which are therefore

sun-ounded by a close tracheal network.

The vascular system is but little developed, a circum-
stance correlated with the high specialisation of the respiratory

apparatus. Since air is carried direct to all parts of the body, the

importance of the blood as oxygen-carrier is necessarily limited. In
the dorsal region of the abdomen there is a tubular heart, closed

behind, open in front, and constricted into a series of chambers
corresponding with the abdominal segments ; each chamber is fur-

nished with a pair of ostia provided with valves, and there are

B
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also valves

Ai'thropodSj

Fig. 205.

Fig. 204.

Fig. 204. Portion of t h e
heart of an Insect, dia-

grammatic, i constriction

between two chambers, A;

valves, s venous ostia.

—

Orig.

Fig. 205. Ovariole of
an Insect, diagrammatic.
<B young o^Tim, as' mature
ovum, s shell, r empty lower
extremity of the ovarian
tubule (an egg has just

escaped).—Orig.

at the limits of the chambers. The heart, as in other
lies in a spacious cavity, the pericardium, which is

bounded above by the dorsal wall of the
abdomen, below by a perforate plate of con-
nective tissue interlaced with muscle fibres.

The heart and a tubular extension of its

anterior end, the aorta, are the only vessels,

the blood circulates in spaces between the
organs in a fairly regular current. After
traversing the body it enters the peri-

cardium, and from this, in consequence of the
dilatation of the heart and the opening of the
ostia, into the heart itself, whence it is again
driven out through the aorta into the sinuses

of the body.

Genital organs. The female, as in

other Arthropoda, possesses a pair of ovaries.

Each consists of a varying number of tubules

(ovarioles) which usually extend like fingers

from the anterior end of the oviduct. Each
ovariole is surrounded by a thin membrane
and is immature anterior^, consisting of

small homogeneous cells ; further back there-

are larger cells, young ova, lying in the

middle of the tube, and surrounded by
smaller cells, which provide them with

nutriment and also secrete the shell
(chorion), for the fully developed egg. The
mature ova occupy the posterior ends of the

ovarioles, and pass thence into the oviduct

;

when an egg passes into the latter the cor-

responding portion of the ovarian tubule

shrinks, and thus the egg next in front is

brought nearer to the duct. The two

oviducts unite to form an unpaired

portion, the vagina,"^ which opens ventral

to the anus, either freely on the surface

invagination occurring at the hinder end of

usually an evagination of the vagina which

cloaca, an

There is

or into a

the body.

serves as a receptaculum seminis and one, or a pair of

accessory glands which secrete either a sticky fluid to attach the ova

to foreign bodies, or the mucus surrounding them {e.g., in Insects

which lay their eggs in water) ; sometimes there is also an evagination

* In some few Insects {Thysanura, Ephemera), the vagina is wanting, and both

ducts open direct on the postero-venlral surface of the body {cf., Crustacea).
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of the vagina to form tlie bursa c o p u 1 a t r i x, into wliicli the penis

of the male is inserted in copulation* Not infrequently there is at the

female aperture, an ovipositor (Locusts), consisting of compli-

cated knife-like or dagger-shaped lamina, or a sting (Hymenoptera)

,

or the last abdominal segments, which then are thin and elongate, and

Fig. 206. Fig. 207.

Fig. 206. Female genital organs of the Cockchafer. On the right, the ovarioles

are lying together in the natural position ; on the left they are separated, and two are

cnt away, g vagina, k glands which open into the receptacula, I oviduct, o segments of

the ovarioles containing almost ripe ova, o' regions of the same, containing immature ova,

p bursa copulatrix, r anterior, r', r" posterior buds of the ovarian tubules, s glands,

sg receptacula ovorum.—Orig.

Fig. 207. Male genital organs of the same (penis not drawn), b vesicula

seminalis, g vas deferens, k glandular appendages, r widened region of the duct of the
same, t testis, consisting of six seminal pouches.—Orig.

may be telescoped, serve in this capacity (Diptera and others) . The
chorion is often very hard, frequently covered with a delicate and
regular sculpturing, and always provided with one or more openings,

the micropyles, through which the spermatozoa may enter.

The outer form of the eggs varies : it may be spherical, oval, discoid,,

rough, stalked, etc.

The male genitalia are for the most part a repetition of those of

the female. There is a pair of testes, each consisting of several

long seminal tubes or shorter seminal pouches, situated at the

end of the vas deferens. The two vasa deferentia unite to form a

* In the Lepidoptera the biirsa copulatrix is peciiliar, in that it is not as in other
forms, a simple evagination of the vagina, but is a tube, open at both ends, one end
leading into the vagina, the other on to the sm-face of the body ; so that here the
female genital organs have two pores, that into the bursa serving for copulation,
whilst the vaginal opening proper allows only of the escape of the eggs.

R 2
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single duct,'*' whicli opens in a similar position to the vagina of the

female. Each of the vasa deferentia widens posteriorly to form a

vesicula seminalis. SiDecial glandular appendages frequently

open into these ducts, or into their common portion. There is a more
or less complicated copulatory organ, an evagination of the

body-wall through which the terminal portion of the seminal duct is

continued, and capable of partial or complete retraction when not

in use ; in many, it may possess hard chitinous portions, and lies

hidden within the cloaca, from which it may be protruded during

copulation.

A fau-ly marked sexual climorphisin occui-s veiy often in Insecta,

due largely to the different parts played by tlie male and female in repro-

duction. Frequently the males possess apparatiis which is wanting in the

females, or certain portions of the body are specially developed ; for example,

the large mandibles of the Stag-beetle, the huge eyes of the male Honey-bee,

the well-developed antennae of the male Cock-chafers and many Buttei-flies,

the broad fi'ont feet of male Water-beetles ; such developments, if they are

in any way explicable, are attributable to the straggles canded on by the

males for the possession of the female (Stag-beetle)
;
or, in the case of special

prominence of sensory organs, they result from the needs of the male in seeking

for the less active female, or the parts sei-ve as organs of retention dm-ing copida-

tion (Water-beetles). More rarely some portion of the body of the female is

specially developed ; in the female

Nut-weevil {Balaninus iittcmn,), the

proboscis is longerthan in the male,

as it is used to gnaw thi-ough the

yoimg nuts, in which the eggs are

deposited. Not infrequently the

sexes diifer in size, the pre-

ponderence being usually on the

side of the female ; this may be

due simply to the gi-eat bulk of

the ova. There are " very often,

also, differences in colour and

form, but these, like many plastic

differences {e.g., those between the

male and female Oryctes), rule, not apparently capable of explanation.

As already mentioned, the male is usually more active than the female,

and in correlation with this, sexual dimorphism may be can-ied veiy fai-,

various parts of the body of the female may be considerably modified or

atrophied. In not a few Lepidoptera for instance, the wings of the female are

considerably shortened, so that they have become useless as organs of flight, or

they are quite rudimentary, or have vanished altogether ; in some forms, indeed,

degeneration goes still fm-ther, the legs are feeble, or are not developed, so that

the animal sinks into a maggot-like state, which is as different from the male as

possible. The converse, when the female has gi-eater actiAaty, may also occur,

although more rarely; Fig. 209 for instance, shows a species of small Gall-

fly {Blastophaga grossorum), which lives as a larva in the tiny seeds of the

* This duct (like the vagina) may be absent {Ephemera, and a few others), and

the vasa deferentia then open separately.

12 3

Fig. 208. Females of three alUed species of

Geometridae (1 Hibernia progemmaria, 2 H.
aurantiaria, 3 H. defoliaria), to show the suc-

oessive stages in the degeneration of the wings.

—

After Ratzebnrg.
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fig ; the male never leaves the fmit in which it has passed its early existence, and

in consequence of this is clumsy and apterous, whilst the female must seek for

yoimg figs in which to deposit the eggs, and is active and winged.

B

Fig. 209. Blastophaga grossorum. A ? ('-j--). B S (y).—After P. Mayer.

Many species of Insects are remarkable, in tliat a large number of

indiviclnals remain sterile througliout life, and tlius take no part in

tlie ]3ropagation of the species ; these individuals possess, as a rule,

distinct rudiments of sexual organs, whicli, however, never develop

far enough to form fertile genital products (or they are deficient in

some other way, so that the individuals cannot take any part in

reproduction) ; such sterile individuals are always, in some Insects

(Bees and Ants), incompletely developed females ; in others (Termites),

both males and females. The occurrence of such sterile individuals

depends upon the fact that these Insects are social, and form larger or

smaller colonies; it is an expression of a division of labour within

the colonies, the care of the brood, etc., being relegated to the sterile

individuals, whilst the reproductive faculty is exercised by relatively

few, which, however, produce an enormous number of offspring [cf.,

the division of labour in Hydroid colonies)

.

Parthenogenesis has been shown to occur in many Insects.

In many cases, it is an exceptional occurrence ; the female of the

silkworm moth for instance {Bomhyx mori), if unfertilised, can still

lay eggs, most of which atrophy, though they may develop in the

usual way. The same thing is known for many other Lejaidoptera.

In other cases, parthenogenesis is of more regular occurrence
;

in some Insects it is the rule, males appearmg only occasionally;

so in certain Lepidoptera, e.g., Psyche helix, in which the female is

apterous and maggot-like, whilst the male is normal in form : or

the males may appear with the females, but in small numbers, and
apparently without, as a rule, copulating, as in Gynips rosea, a well-

known rose Gall-fly : or, as in some of the Saw-flies and Gall-flies,

reproduction is apparently exclusively parthenogenetic, in Avhich

case the species consists entirely of females ; or in certain generations
only, reproduction may be exclusively parthenogenetic. Another
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regular occurrence of parthenogenesis is found in many social

Hymenoptera where the males originate from unfertilised, the females

from fertilised, ova. Not infrequently, parthenogenetic reproduction

alternates regularly with the usual sexual mode, so that there is

heterogony; either each unisexual generation alternates with

a true sexual one (G-all-flies), or the sexual is followed by several

parthenogenetic generations {Aphides) . Usually, the parthenogenetic

generations differ somewhat from the other; sometimes, if there

are several such successive generations, these also differ from each

other.

In some of the Diptera (Cecidomyia) eggs may arise prematurely in the

larva, and develop direct without fertilisation into vivipai'ous lai-vas, the parent

larva dies, whilst the young ones gi-ow, and either give rise in the same way to

another generation or become perfect insects. Thus parthenogenesis may occiu-

precociously, when there is othei-wise no sexual reproduction. This process is

known as psedogenesis.
Insects are usually oviparous, but the parent is most solicitous in

ensuring that the newly-hatched larvee shall be well supplied with

nourishment ; this is generally accomplished by laying the eggs in

places where suitable food is present, but occasionally by the collec-

tion of a supply of food where the eggs are deposited (certain Dung-

beetles, Sand-wasps) ; more rarely the parental instinct is more

highly evolved, and the female brings a fresh supply of food each day

to the brood. In a few Insects the eggs are only laid when the

embryo is about to be hatched ; others are viviparous, embryonic

development being completed within the oviduct. A peculiar

arrangement is met with in the Forest-flies {Hippohosca) , in which not

only is the egg completely developed within the oviduct, but the larva

remains there for some time feeding upon the secretion of certain

glandular appendages.

The majority of Insects on leaving the egg do not resemble the

adult, but undergo a metamorphosis; only in a few cases, e.g.,

Lice and various other apterous forms, are the changes so insignificant

that it is impossible to speak of a true metamorphosis. Meta-

morphosis may be more or less thorough ; two chief types may, there-

fore, be distinguished, complete or holometabolous, and in-

complete or hemimetabolous.
In hemimetabolous Insects (Orthoptera, Rhynchota) the newly-

hatched larva differs chiefly from the adult or imago only in that it

is apterous. In other respects the differences are slight, the

number of joints in the antennas may be fewer, the head relatively

larger than in the adult and so on. The transition from the first larval

stage to the adult occurs gradually
;
wings begin to appear,* small at

first, but increasing at each ecdysis, until after the last moult they are

fully formed and functional : at the same time the other portions of

* Such larvee, possessed of incipient wings, are often termed nymphs.
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the body have attained their definite form. In some hemimetabolous

Insects the differences between larva and adult are, however,

much greater, attributable to essential differences in habits. These

distinctions are very well marked in the Libellulidee and the

Ephemeridae, which are aquatic during larval life, but terrestrial as

adults J
in the larvee of these forms the tracheal system is closed,

and they breathe by means of tracheal gills {see p. 241); in the adult,

on the contrary, the usual relations obtain. Considerable differences

may also be noticed in several other points, e.g., in the disjoositions

of the mouth-parts of the Libellulids : these differences hold

throughout the whole larval life until the last ecdysis, but, just as in

other forms, the wings develop gradually. At the last ecdysis all the

special larval characters disappear as at one stroke, although, as a

matter of fact, the changes have gone on gradually within the cuticle

during the last phases. When the wings are completely developed,

and functional, the insect moults no more, and growth ceases.

The Ephemeridae, which, as ah-eady mentioned, are aquatic as larvae, are peculiar

in that the insect on lea\dng the water has feeble, though functional, wings, but
immediately after, the final ecdysis occiu's and it appears with completely

developed wings. At this stage, in which it is capable of flight, but not

perfectly developed, it has been termed a sub-imago.

Holometabolous Insects (Coleoptera, Hymenoptera, Lepi-

doptera, and Diptera) differ from the hemimetabolous forms, in that

there is a complete dissimilarity between the larva and the adult;

in that the larval stages exhibit, externally, no gradual approach
to the adult form; lastly, and this is the most important characteristic

of a complete metamorphosis, in that between the larval and imaginal

stages, a sj)ecial period of pupation intervenes, during which the

animal does not feed and is generally quiescent. During this resting-

stage a series of significant changes occurs in the body.

The larva of a holometabolous insect is distinguished from the
imago in the following points : the small ocelli situated medianly on
the head are absent, and the compound eyes are replaced by a group
of ocelli on each side of the head (these may, however, be altogether
wanting) : the antennge are almost always short, and consist of

a small number of joints : the mouth-parts constitute a biting-

apparatus, even if those of the adult are suctorial, and if the latter

has biting mouth-parts they are always essentially different in form:
the legs are short, with fewer joints, and more uniform than in the
adult; they have usually only a single claw: wings are altogether
absent

:
the thorax is small, the abdomen large : the cuticle,

except over the head, is generally more delicate than in the
imago^

:
the nervous system usually consists of a number of separate

ganglia even in those forms in which it is later much concentrated
(c/. Fig. 210) ; the alimentary canal is often very different, and this
to a striking degree where the larval habits differ much from those
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of the adult {e.g., in Lepicloptera, Fig. 210) * In many the salivary
glands are modified to form a pair of silk glands, whose secre-
tion forms a protective covering for the larva, either alone, or Avith

the assistance of foreign particles which it binds together. This
covering or cocoon is usually developed for protection during
pupation.-* The tracheal system also exhibits striking deviations, for

A

Fig. 210. Larva, pupa, and imago of a Lepidopteran (Sphinx) witli various
organs m sifw ; somewhat diagrammatic. All three figures of the same magnification.
h legs, c brain, ch mesenteron, e proctodasuni, h heart, i sub-cEsophageal ganglion, A- head.

ce oesophagus, s proboscis, t testis. 1—3 three thoracic ganglia. I, II, III, IV the four

first abdominal ganglia.—Adapted from Newport.

f

some of the stigmata which are open in the imago are closed in the

larva, or conversely ; the structure of the stigmata may also vary.

In the body-cavity of the larva there are large masses of fat, the fat
bodies, which are to a great extent used up during metamorphosis,

if they are not entirely absent from the adult. The genital organs

are only incijaient.

During larval life, the Insect moults repeatedly, and gradually

increases in size, usually withou^t an actual change of form. When

* In certain insectan larrje (e.g., the larvae of Bees and Ant-lions) a peculiar condition

obtains, in that the proctodajuni into which the Malpighian tubules open, is not in

connection with the mesenteron ; but both the posterior end of the latter and the

anterior end of the former are closed. Only after metamorphosis do the two
communicate.

t In the larva; of the Ant-lions (and presumably in their allies) the secretion from

which the silk of the puj^a-case is constructed, is probably formed in some of the

Malpighian tubules (c/., the analogous conditions of some Fish where the kidneys

secrete mucovis tlireads).
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the definite size is attained, liowever, it appears suddenly to change-

its external form in a number of essential points, and then after

moulting, it appears as a pupa. The pupa displays externally, a

very close approach to the imaginal form; the wings are fairly

prominent, and the compound eyes are also present, the legs and

antenuEe resemble those of the adult insect, and this is also the case

with the mouth-parts, but all the appendages are still somewhat-

indefinite in outline, and not distinctly jointed; like the incipient

limbs in the body of an embryo, they are not yet functional
;
they

lie immovable upon the body, the general form of which is very like-

that of the imago (relative development of thorax and abdomen, etc.) >

internally, however, the pupa at the moment of the last ecdysis,

is still in reality in the larval condition. The important changes,

which have occurred in external structure, have not, of course, taken

place so suddenly as they appear to have done; they have all been

ready at the close of larval life ; the wings may, for instance, have

developed long before this as invaginations of the body-wall, and

when the larval skin is thrown oif for the last time, they are

evaginated, and appear as outgrowths of the body; the legs have

already grown within their chitinous cases, and may be seen there,,

folded up, towards the end of larval life. At this time, the insect is.

inert, and remains as quiet as possible, for the modifications have

made its appendages, to a certain extent, functionless. The changes-

are continued during the pupal stage ; the external form of the body

alters underneath the protective cuticle, and within, the larval organs

are gradually modified into those of the adult {see Fig. 210), so that

there is a considerable difference in the organs at the beginning and

end of pupation, although apparently the animal remains unaltered

during the whole time. Many pupae are quiescent ; true locomotion

occurs in only a few forms {e.g., Gnat-pupge, which are aquatic, and
must move about on the surface of the water to obtain air), and then

is brought about by movements of the abdomen, which also effect

respiration. When all the changes are at last concluded, the

chitinous pupa-case splits, and the imago emerges. When all

the appendages are unfolded, and the cuticle has hardened, the

development is in all essentials complete. The adult never
moults, it does not grow, or at least, not more than the chitinous

coat will permit.

The changes -vvldcli ai-e undergone at the close of the lai-val period and during
pupation, are not limited to a transformation of the parts ah-eady present, but in

addition, there is a general destmction and dissolution of many lai-val organs ; in

some Insects, only a small portion of the larva actually forms the imago, -whilst a
larger pai-t undergoes dissolution, and serves for the noui-ishment of the rest.

The amceboid blood-corpuscles of the larva play an important part in this process,
in that they feed upon and digest the tissues as they die, passing on the nom-ish-
ment thus obtained to the actively gi-owing organs of the animal. This process of
dissolution is can-ied to very gi-eat lengths in a large ntimber of Diptera, whose
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B

Fig. 211. A Larva (maggot)
of a W a s p, seen from the left.

B Pupa of the same from
below.—After Eatzebiirg.

lai-vaa diifer extraordin:ivily from the adult, both in appearance and in habits {e.g.,

the Blow-flies, and many others).

The larvfB of metabolous Insects occur in a number of

different forms. Of special modifications may be mentioned the
peculiar type occurring in the Lepidoptera and Tenthredinidse, specially
characterised by the presence, on the ventral side of the cylindrical

body, of a number of so-called pro legs, small muscular dermal
outgrowths which play an important part
in locomotion; such larvae are termed
caterpillars or (in the Tenthredinidae)

pseudo-caterpillars. In a number
of larvae of different orders, legs are
altogether wanting; such forms,

termed maggots, are usually pale, blmd
creatures, which are concealed in plants as

parasites, etc.
;
occasionally they are more

motile (aquatic forms, e.g., Gnat-larvae).

The most degenerate occur among the

Blow-flies and other Diptera; these

are termed headless maggots, since

even the head is not clearly developed,

whilst it is very striking in many other

forms in consequence of its thick brown
cuticle. Many larvae, which lead a hidden existence in the earth,

•or in cavities in wood, etc., without being maggots, i.e., without loss

of the thoracic limbs, have habits like those of most maggots
;
they

.are blind, or almost so, with short or feeble legs, and soft, fat bodies.

In most holometabolous Insects, the body hardly changes at all dm-ing the

whole of larval life. In others, however, it has a different appearance at different

ages, a fact which is chiefly connected with changed habits. This is the case in

Melo'e and its allies; the larvse hatch as small active organisms, pro'saded with

legs. They crawl about on plants, and attach themselves to certain Bees, in whose
dwellings, after changing into maggot-like creatui-es, they pass the rest of then-

larval hfe, feeding upon the stores of then- hosts.

The p u p ge do not exhibit such a variety of form as the larvaj,

but here, too, there are many which are interesting to note. The

Lepidoptera, for instance, have a peculiar pupa (chrysalis), in which

the antennae, mouth-parts, legs, and wings, lie close on to the body,

and are hard and chitinous all over their outer surfaces, as is also the

rest of the body where it is not covered by these parts ; the limbs,

therefore, appear to adhere to the sides of the body, and it looks as

if they were all covered by a coat of varnish. In many of the

Diptera, the chitinous cuticle is considerably hardened previous to

pupation, and when it is later separated from the subjacent soft parts,

it is not as usual thrown off, but remains as a hard capsule round

the thin-skinned pupa, and thus serves as a protective case ; it is

only thrown off when the imago breaks through (coarctate pupa).
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The larva^ in many species^ forms a similar protective case, a cocoon^

before pupating ; it consists of spun silk, or of various particles

bound tog-ether, and the pupa rests within it (Lepidoptera, Hymenop-

tera, some Coleoptera, and others).

In some of the Hymenoptera, a peculiar developmental stage is inserted

between the larva and the pupa, or more correctly, there are two pupal stages.

The fnlly-grown lai'va first forms a so-called pseudopupa, with just the

beginnings of wrags, legs, and so on, and not till later does the insect enter the

true pupal stage, characterised by larger wings and legs, and generally by a

gi-eater approximation to the imago.

The metamorphosis is indicative of a definite division of

labour in the animaFs life. The larval period is a time for

•eating and growing; the life of the imago is devoted to

reproduction; at metamorphosis growth terminates, the animal

usually takes no more food than is necessary to make good the loss

due to vital activity, and it dies when reproduction has been accom-

plished. In some cases, the distinction between the two periods is

especially well-marked; the imago takes no food at all, and thus

the vegetative and reproductive periods are sharply separated.

Even if the perfect form does feed, the fact that it no longer under-

goes ecdyses shows that growth has really ceased. The few Insects

(Termites) in which the abdomen of the adult increases enormously

in size, in consequence of the great development of the ovary, form

in some sort an exception to this.

According to this account the metamorphosis of Insects is in marked contrast

to that of other animals, e.g., of the Crustacea, in which the conclusion of larval

life, and the cessation of gi-owth are by no means coincident.

The duration of life in Insecta is almost always sharply

limited and fairly short. Usually the whole life (including the

phases of egg, larva, pupa, and imago) lasts only one year ; in not a

few, e.g., in the Aphides it is a matter of months only : in others

(many larger forms) it continues during several, usually a fairly

definite number, of years (the Cockchafer, for instance, lives usually

for four years). Of the whole life the larger part is generally

occupied by the larval stage, and only a small portion by the

imaginal period; the imago usually lives for only quite a short time,

not infrequently for a few days or even for a few hours. Only
exceptionally do instances of longevity (several years) in the imago
occur. Honey bees have been observed to live five years in captivity,

Ants even twelve.

The members of this group afford an emphatically terrestrial
type of animal, their organisation being closely adapted to life on land
or in the air. Not a few are, however, modified, so that they may live

for their whole life, or during the larval stage only, in fresh Avater.

Few are marine, e.g., larvae of flies which occur in the mud on flat sea-

shores. Some (Coleoptera, Heteroptera and others) live on the coast
at spots which are only dry at ebb-tide, whilst at the flood they are
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covered with water, so that their inhabitants are excluded from the
air for hours together;* the Halobatidaj are the only actually marine
forms, and these lead a life on the open sea like that of their near
allies, the Hydrometridae, in freshwater.t Various Insects (Pediculidse,
Mallophagidee, Pulicidse, etc.)^ live as imagines, or, during the whole
of their life, as parasites on various Vertebrates ; others are parasitic
only as 1 a r v « upon, or in, various other animals, whilst they lead
a free existence as perfect-insects.

The Insecta are richer in species than any other class of animals.
According to one reckoning they make up four-fifths of all species ; of
Insects again, one half are Beetles.

Hemimetabola

Holometabola

Orthoptera Biting mouth-parts.
Rhynchota Sucking „ „

Neuroptera ^

Ooleoptera
[•

Biting „ „

Hymeuoptera )

Lepidoptera •

|Diptera )

Order 1. Orthoptera.

The Orthoptera are hemimetabolous Insects with biting-
mouth-parts. The labium shows more clearly than in other

forms that it has arisen by the fusion of a pair of jaws, the

individual portions of which are usually easily recognisable. The
wings are generally closely veined, but in other respects differ

considerabl3^ Frequently the number of abdominal segments is

large ; the abdomen is usually furnished with two shorter or

longer jointed or unjointed, anal cerci. This order includes very

various forms ; of the types given below, numbers one to six have

the front pair of wings modified to form leathery elytra, whilst in

the rest all the Avings are similar.

1. GrrasshopiDers (germs Acridium, and others). The limbs of the last

pah- are long, springing legs with thickened tibiae. The front wings form long,

narrow, somewhat thickened elytra, below which lie the broad hind wings folded

up like fans. The prothorax is large, the antennae short and filifomi (at most

only twenty-four joints), auditory ajjparatus (see p. 238) on the first abdominal

segment. The males make a noise by rubbing a dentate ridge of the femur of

the last leg against the elytron. The females have no ovipositor. Various small

species are often met with in gi-eat numbers in the fields. Cei-tain species (some

large, others small) are common in wann coimtries as " migi-atory Locusts

"

(e.g., Acridium migratormvi)
;
these, after increasing enormously in some locality,

migi-ate in incredibly large numbers, uttei'ly destroying aU vegetation in the

regions through which they pass.

* This is also the case with some of the Arachnida (Mites and Pseudoscorpions)

and Scolopendi'as.

t The Lice parasitic on Seals are also marine.
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2. Locusts (gemis Locusta and others) resemble the previous group in

habits, in the structxu-e of the Avings and hind legs, etc., but differ in certain other

important characters. The antenna; are bristle-like, usually very long, and

always composed of numerous short joints. On the tibias of each of the front

legs there are two auditory organs (whilst there are none on the abdomen), and

the males make sounds by rubbing the basal portion of one elytron, the imder-

side of which is provided with a transversely ridged edge, over a corresponding

portion of the other. The female possesses a long, sabre-like ovipositor. One

of the best knoAvn species is the large bright green Locusta viridissima, which,

like Locusts in general, devom-s both animal and vegetable food. Nearly allied to

the Locusts are the Crickets (GrylUdse), which agree with them in the pos-

session of multiai'ticulate antennee, and in the position of the auditory organs

and the vocal apparatus, but differ in the shoi-ter hind legs and the long

cerci (the cerci of both Locusts and Grasshoppers are very short), and generally,

too, in that the posterior poi-tions of the wings which are folded up, are not

covered by the elytra, but project from these as a pair of pointed apiDendages.

Here belong the Cricket (Gryllus domesticus), in bake-houses and similar

warm places ; and the Field-cricket {O. campestris), common in arid fields,

and making passages in the groimd ; both with well-developed elytra, the female

with projecting ovipositor: i\u-ther the Mole-cricket or Earth-crab
{Gryllotalpa vulgaris), whose front legs are developed as enormoiisly powerful

digging limbs ; with very large prothorax, short elytra, and no ovipositor
;
they

lead a subterranean existence, feeding upon plants and animals : all tkree in

Great Britain.

3. Cockroaches (Blatta) ; flattened forms, with long bristle-like antennae,

and strong running legs with large femru's; the fore wings are thin elytra,

pai-tially overlapping; the abdomen has two anal cerci posteriorly; the head

is covered by the anterior edge of the prothorax. Often both pair's of wings,

especially in the females, are shoi-t or rudimentary. The eggs are laid in

chitii. .us capsules, which are cai-ried about for a long time by the female,

projecting half out of the genital apertiu-e ; each capsule contains a number of

eggs lying in two rows. Two large species of this gi'oup, one of which is the

well-known "Black-beetle" (B. \_Peri23laneta'] orientalis), have been intro-

duced from the tropics into Em-ope, where they live in houses ; several species

occm* in the open in England.

4. The Mantidse are allied to the Cocki-oaches, but differ in various

respects. The body is on the whole more elongate, the prothorax being

especially long. The first pair of legs is prehensile, with large coxse, strong

femiu'S with two rows of spines, and tibise also fm-nished with two rows of

spines, which can be folded back upon the feniiu-s ; with these appendages the

animal seizes its prey, which consists of other Insects. Wings well developed

;

in other respects like the Cockroaches
;
jointed cerci. The ova are attached to

plants in gi-oups, sm-roimded, as in Cocki-oaches, by a capsule formed as a
glandulai- secretion. A large gi-een species of this genus {M. religiosa, the
Praying Mantis), occm-s in South Em-ope.

5. Earwigs (Forficula), somewhat flattened Insects, which are chiefly

characterised by the condition of the wings. The elytra are quite short plates,

which do not completely cover the thin hind vsdngs, although the latter are much
folded. The larger part of the abdomen is left ixncovered by the vdngs; it is

sti-ongly chitinised, freely movable, and possesses, posteriorly, a pan- of un-
jointed cerci, cm-ved to fonn a pair of pincers. The Eanvigs usually remain
hidden by day

;
they live principally upon vegetable food. The females brood

over the eggs. Several species occm* in England.
6. The Stick- and Leaf-insects (Phaamidie), form a small division

of the Orthoptera, including a number of aben-ant species
;

they are only
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indigenous to warm, countries. Amongst them is the apterous genus,

Bacillus, whose long body, together with the elongate legs, looks like a dry
branched twig ; some species in South Europe. In the East Indian, Phyllium
siccifolium, the Leaf-insect, the broad abdomen and elytra are leaf-like.

7. The Termites, (genus Termes, and others) possess foui- large, thin

wings, which ai'e all alike, and cannot be folded up. The antennae are short,,

and monilifonn, the legs are like one another. The Tei-mites are specially

remarkable for living in large colonies, including, besides fertile males and
females, a large nunlber of apterous and blind indi\ddual8 in which the sexual

organs (in some examples male, in others, female) remain in an immature
condition. Some of these wingless individuals are possessed of larger heads

and more powerfvil mandibles, and are termed "soldiers," whilst the others

are termed "workers"; the nest is made by the workers, either by gnawing

passages and chambers in tree-trunks and lining them with a layer of excreta,

or by constructing such dwellings out of excreta and earth. They often

form extensive tunnels in the gi'OTind. The soldiers defend the nest against

attack. Before pairing the males and females leave the nest, fly about for a

short time, lose theii- wings, and the majority die, only a few makmg then- way

back to the nest, where copulation occui-s. Then, in many forms, the abdomen

of the female enlarges to an extraordinary extent. Besides the winged males-

and females there are apparently others which, as regards the structui-e of the

wings, remain at one of the older larval stages, in which merely short stumps aj-e

present
;
they do not leave the nest, and only tecome fimctional if none of the

males or females which flew from the nest retiu-n. Some species differ m certain

respects from this description
;
many of theii- habits ai-e by no means thoroughly

understood. The Termites, also called " WMte Ants," Uve chiefly m the tropics,

but there are two species in South Em-ope (one of which is figured m iig.

212) ;
they often do a large amount of damage by making their nests in wood-

work, and by eating clothes or furniture.

8 The D r a g o n - f 1 i e s {Lihellulidx) possess fom- large wings almost equal

in size, and closely veined. The head is very movable, with large compound eyes

and thi-ee accessory eyes, short antennaj, strong mandibles, no first maxilla? oi
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labial palps, bi;t with a very broad labiiim. The legs feeble. Abdomen usuaUy

elono-ate ^ath two unjointed cerci. Extremely good fliers, seizmg their prey

(e ^ ^Butterflies) upon the wing* The larvae inhabit fresh water, and are

chai-acterised by the modification of the labiimi into a long eversible prehensile

organ (the mask), and fiu-ther by the closure of aU the stigmata; respii-ation is-

effected by means of tracheal gills which in some cases are lamellate and situated

at the end of the abdomen, whilst in others they are represented by a number of

folds developed in the rectum ; in the latter case the rectum receives and ejects

water rhythmically. The larvae of the last species move by spirting the water out

of the rectiun. Here belongs the genus Libellula, in which the hind wings are

broader at the base than at the tip, and the large eyes are pushed together into

the middle of the head ; the larv* Avith rectal branchias : also the delicate slim

Agrion-s^ecies (Demoiselle flies) in which the hind wings are nan-ower at their

bases than at the ends, the eyes are wide apai-t and the lai-vae possessed of tkree-

extemal gills.

9. May -flies (genus E]pheinera and others) are usually small insects

with fom- thin wings, of which the hinder are smaller than the anterior. The-

mouth-parts of the imago are rudimentary; the

abdomen with thi-ee anal filaments posteriorly. The

larvae live in water, and like the Dragon-flies possess

a closed tracheal system and leaf-like or branched

tracheal gills, situated in a row along each sidfe of

the abdomen
;
they exhibit thi-ee thi-ead-like ap-

pendages, as does the imago. The larvae ai-e pre-

daceous, and have well-developed mouth-parts ; some

of them dig passages in banks. The May-flies pass

through a sub-imaginal stage (c/. p. 247) ; as imagines

they take no food, and many species live for only a

few hom-s dm-ing the night, metamorphosis occiu-ring

in the evening ; others a few days ; whilst the lai-val

life, at least in some cases, lasts for two years.

Several species common in England.

10. Book-lice (Troctes), are small apterous

Orthoptera, which chiefly occui- between old paper,

in collections of Insects, and so forth
;
together with

theii' winged relatives (Psocus), which live in forests,

they fonn a special small family within the order.

11. To this order also belong the Mallophagidae,

small, flat, lice-like animals, with fairly hard chitinous Fig. 213. Sugar-mite

exoskeleton; the head is broader than the prothorax, (Lepisma).

and carries the usual biting mouth-parts, of which

the mandibles are specially well developed. The antennae have from thi-ee to five

joints, there is one ocellus on each side of the head, but this may be absent..

The tarsus consists of one or two joints with one or two claws
; at the lower'

end of the tibia is a process against which the claws may be bent back,

the legs are thus adapted to gi-ipping hairs or the barbs of feathers. The
numerous species of this division all live upon Mammalia and Bu'ds, gnawing
the epidermis, hairs and feathers. The chief species occim-ing on Mammalia

* Copulation is very peculiar among the Dragon-flies. The second abdominal
segment of the male is enlarged, and furnished with a copulatory apparatus. Before
paii-ing, this is filled with spermatozoa from the vas deferens, which opens at the end
of the body. The operation is effected by flexure of the abdomen. The male then
seizes the female round the neck by means of the cerci, and the female arches its body
so that the abdominal extremity reaches the male copulatory organ, and coitus is
effected.
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belong to the genus Trichodectes, each of our common domestic animals possess-
ing its o-wn species (T. canis on the dog) ; on Birds, there is a ninnber of species

of other genera (no fewer than six are known, for
instance, from the Domestic Fowl).

Appendix to the Obthopteea,

The Thysanura are allied to the Oi-thoptera
; they

are apterous forms, most of which are ametabolous, and
possess rudimentary abdominal limbs; the

mouth-iDarts are like those of the Orthoptera. The
Thysanui-a may be the most ancestral of all living

Insects, the absence of wings is probably primitive,

whilst in other foi-ms it is acqiiired (thi-ough parasitism,

etc.). Of the forms belonging here may be mentioned :

MachiUs, with compound lateral eyes, tkree ocelli, and
eight pairs of radimentary abdominal appendages ; and
the sugar- mite (Lepisma saccharina, Fig. 213),

which, instead of the compound eye, possesses a gi-oup

of ocelli on each side, and has only two paii'S of ab-

dominal limbs ; the latter is covered with bright silveiy

scales (flattened hairs), and is very active ; common in

houses.

Allied to the Thysamu-a are the Collembola. genus

Podura, etc., also apterous and characterised by a

forked process arisiag from the tip of the abdomen on

the ventral sm-face by means of which springing move-

ments are accomplished; they ai"e small, and are

frequently fomid among fallen leaves, or in similai*

places.

Fig. 214. Abdomen
of Machilis seen from
below. / first, last

abdominal appendage, op

ovipositor, r, cerci

(cutaway).—After Oude-
mans.

Order 2. Rhynchota or Hemiptera.

The Eliyncliota, like tlie Insects of tlie previous order, are liemi-

laetabolous. The moutli-parts are modified to form a suctorial

apparatus, tlie p r o b o s c i s, the structure of which has been

already described (p. 234). In some, the proboscis projects in front,

in others it is turned back under the body.

Sub-Order 1. Homoptera.

The fore and hind wings are usually alike, and both membranous* ;

the fore wings larger than the hind. The head is large. The proboscis

arises from its ventral side posteriorly, close to the thorax. All suck

the juices of plants.

1. The Cicadas {Cicada), are large, rather bulky forms; the maie makes

a peculiar noise by means of the metathoracic stigmata, which are provided ^vith

vocal cords; the tone is intensified by complicated resonators. The female

* Not infrequently the fore wings are leathery over their whole extent.
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deposits the eggs in branches of trees by means of an ovipositor; the lai-vse,

whose fore legs are adapted for digging, make theii- way down into the earth,

where they feed npon the jtuces of roots
;
they only leave the earth jnst before

metamorphosis, climb into a tree and moidt for the last time
:
the imagines

snck yoiing shoots. This division is confined to warm coimtries, but there is a

single species in England. In North America the Seventeen-year

s

Cicada {Cicada seftendecim) occiu-s: its development lasts seventeen years (a

variety of the same species has a period of development which lasts thii-teen

years).

2. The Frog-hopper (Aphropliora sjpumaria) is a small Homopteran,

peculiar in that the soft, thin-skinned larva, which lives on the juices of

vai-ious plants, smTOtmds itself with a foamy secretion (cuckoo spittle). This

insect belongs to the family Cicadellidse, of which there are several other

species in Britain ; most of them can spring long distances.

3. The Green-flies {Aphidx) form a large family of the Homoptera, the

members of which are characterised by the bulky, thin-skinned body, feeble legs,

spai-se veining on the wings, and small size
;
very often the wings are absent,

especially from the females ; they are inert animals, living together in colonies.

Many of them possess glands for the secretion of delicate wax thi-eads which

siuTOund the body as a woolly mass; in many, also, there is a pair of glands

opening posteriorly on the dorsal side of the abdomen, by two aperttu-es which are

situated either on papillse, or at the top of long projecting tubes ; these glands

secrete a fatty substance.* Heterogony usually occm-s ; several virginal genera-

tions are followed by a generation of males and females.

(a) Afliides, Green-flies in a restricted sense of the word, are gi-een or black,

soft-bodied Insects, with but little power of movement. They live in large

colonies, and are extremely abundant on the leaves of all kinds of herbaceous

and woody plants
;
they have fau-ly long antennae, and two long tiibes on the

abdomen. In the coiu-se of the summer, several successive generations of

females occm-, which possess no seminal pouch, and wliich reproduce partheno-

genetically ; the eggs develop in the oviducts, so that the Insects are viviparous
;

some of these females have wings, but the majority are apterous. Finally, in the

autumn, there is a generation of usually wingless females and winged males,

which copidate, produce eggs, and die. These eggs give rise to the fii-st female

generation the following spring.

(6) The Vine-louse {Phylloxera vastatrix), famed on accoimt of the

teiTible devastation it works in vineyards, especially those of France
;
indigenous

to North America, where it does no gi-eat harm, it was accidentally introdticed

into Eiu'ope a few decades ago with American vines. The tubes are wanting
on the abdomen, and it has shorter legs and antennae than Aphis. In
the spring, wingless females appear and feed on the roots, causing knotty
swellings. Each lays about thii-ty or forty unfertilised eggs, from which a
generation of individuals like the parent arises. In this way, from five to eight
similar generations occm- dtiring the summer. At last, from the eggs of the
apterous females, a generation of winged females develops. They leave the roots

before metamorphosis (and, therefore, when the wings ai'e incipient only), and
betake themselves to the shoot part of the vine, where each deposits about fom-
imfertilised eggs. These eggs are of two sizes : from the larger, females hatch
out, from the smaller, males. Both sexes are small, apterous, with rudimentary
mo\ith-pai-ts, and no alimentaiy canal, so that no food can be taken; After
impregnation, each female lays a single egg, which before being deposited,

* " Honeydew," a sweet sticky fluid, the excreta of the Aphides, occurs upon the
plants on which they are living.

S
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occupies the greater portion of the small l)ocly. These eggs rest dm-ing the
winter, and in spring develop into the first virginal generation. Besides the
fertilised eggs, a number of apterous parthenogeuetic females persist during the
winter, in the larval stage, firmly attached to the roots of the vines*

Fig. 215. PhyUoxera vastatrix. 1 Young- female of one of the apterous parthenogenetie
generations. 2 Older ditto, from the ventral sm-face. 3 Adult female of the winged
generation. 4 Female of true sexual generation (the ovum shows thi-ough the skin).

5 Male. All the figures of equal magnification.—After Cornu.

(c.) Various Ajohides produce characteristic galls on trees and bushes.

Chermes abietis, for instance, by sucking at young pine shoots causes cone-

like galls by shortening and broadening the needles. Pemphigus sinrotheca;

forms a spiral gall on the petioles of poplars
;
crumpled or saccular galls ai'e

caused on elm leaves by various Aphides, and so on.

4. The Scale-insects {Coccidse) are allied to the Aphides, but differ

from them in various respects. Sexual dimorphism is usvially very marked.

The female is cumbrous, apterous, and short-legged, and is usually somewhat

motile only in youth, later becoming fixed to one place, where the eggs are laid.

Soon after ovipositiou the coccus dies, but the body which has gi-adually shi-iurk

to a thin arched shield remains as a protection to the eggs. Yery often the

female is covered dorsally by a continuous layer of wax secreted by the skin

glands ; sometimes the eggs are simmmded by fine wax thi-eads. The male
possesses well-developed fore wings (with few veins), whilst the hind wings are

in,idimentary and like halteres or altogether absent ; the mouth-pai-ts are

mdimentary. The larvae resemble yoimg females. It is a very remarkable

fact that the males (not the females) pass through a resting p u p a - s t a g e

.

* In addition, it may be noticed that in exceptional cases, wingless parthenogenetie

females may occur attached to the vine leaves, wliere they produce galls.
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and thus, imlike all other members of the group, are holometabolous.

In several of the species it has been proved that the females can reproduce

parthenogenetically. Several forms differ in certain respects from this descrip-

tion of the Coccida3 ; in some the females are locomotor throughout life and do

not remain attached over the eggs ; there ai-e others, again, in vrhich both sexes

possess foiu- Avings, and which thus offer a transition to the Aphides. As

examples may be mentioned : AspicUotus nerii, the shield-like female of which

is freqiiently met with on the oleander ; similar forms are very abundant on

uncultivated trees. Coccus cacti, the Oochineal-insect, lives on certain

Mexican species of cactus ; the males are dipterous and have long cerci. The

females are wingless and bulky
;
they do not cover the eggs with their bodies,

but smToimd them Avith wax threads as do many of the Aj)hides ; the cochineal of

commerce consists of their dried bodies. To this family belongs also the

Shellac-insect (Cocc-its Zacca), which is formd in the East Indies on certain

species of figs, causing the flow of a resinous siibstance, shellac, from the tree :

and the Kermese-insect (Lecanium ilicis), which lives on a species of oak-

tree in South Em-ope ; from the spherical females a dye is obtained.

Sub-Order 2. Heteroptera {Bup).

The fore and hind wings are dissimilar^ the latter thin, membranous
and adapted to flight; the former modified as elytra^ which are

not thickened and leathery for their whole length, but only for

their basal halves or rather more, and the thin tips, when at

rest, overlap ; the distinction into the two regions may, how-
ever, be quite effaced. The elytra cover the greater portion of

the mesothorax, the metathorax, and the abdomen, but a triangular

median portion of the mesothorax [scutellum) remains uncovered.

The proboscis arises anteriorly from the head, which is generally

small ; the prothorax is large and freely movable, the whole body is

usually flattened. In the land forms a pair of stink glands opens on
the ventral surface of the metathorax, and the secretion has an
extremely offensive odour. The Heteroptera feed on the fluids of

plants or animals (Insecta, Vertebrata).

1. Land -bug (Oeocores) is the common term for a large number of
bugs (foi-ming several families), characterised by the possession of weU-
developed antennae and a long proboscis. Most of them are terrestrial ; some
feed on plants, others are predaceous, sucking other Insects ; some live as
parasites on Yei-tebrata. Many are gorgeously coloru-ed. Abimdant in temperate
zones, and especially so in the tropics. The Bed-bug [Ciynex [Acanthia]
lectularius) is a flattened, bro-RTiish, apteroiis (rudiments of the fore wings
only are present) foi-m, which lives as a temporary parasite upon Man. It
came oi-iginally from the East Indies. Here also belongs the Hydrometra, a
slim, elongate fomi, which rims about actively upon its middle and hind legs
on the sm-face of freshwater; the legs of the fii-st pair are considerably
shoi-ter than the others, but are fairly strong, and are used for catching Insects
upon which it feeds; the abdomen is rather small, hardly longer than the
thorax. Closely allied to the Hydrometridse are the Halobatidse, which rim about
on the open sea : they are distinguished by the extraordinarily small size of the
abdomen.

S 2
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2. W a t e r - b u g s (Hydrocores) liave short antennae and a sLoi-t proboscis

;

tbey live in water, wliicli they are, however, able to leave, in order to fly in the

air. AU are predaceoiis. Of forms found in England, the Water - scorpion
(Nepa), belongs here, a flat, darkly-coloxu-ed insect, which is veiy common,
crawling about at the bottom of fresh water ; the front legs are prehensile,

the tibiae can be folded into gi-ooves on the femurs, posteriorly there ai-e

two filiform gi-ooved processes, which together form a tube (the respiratoiy

tube), at the base of which lies a pair of stigmata : also the Water - boatman
(Notonecta) with long, outwardly directed hind legs, covered with setae on the

tibiae and tarsi ; these are swimming organs.

3. Lice (Pediculidie), a small gi-oup of ametabolo\is parasitic Insects, are

probably to be regarded as peciiliarly modified Heteroptera. The head is nan-ow,

with short anteimse, and an ocellus on each side ; the suctoiial apparatus, which can

be completely withdrawn into the head thi-ough an opening at the tip, consists

essentially of a short, thick tube, provided at the end -with a few hooks, through

which a second thinner tube, the actual sucking tube, can be proti-uded ; the

more exact sti-uctm-e of the latter is not definitely known. The legs, which

are short and strong, end in chelae ; the tarsus, consisting of one joint, bears a

very powerful claw, which bites against a j)rocess arising from the lower end of

the tibia. Wings are altogether absent, the abdomen is large, broad, and

tough. The large eggs (nits) are stvick on to the hairs of the host.12 3

Fig. 216. 1 Cimex lectularius.

enlarged.—After Taschenberg.

2 Pediculus capitis. 3 Phthirius pubis. All

Lice only occiu- upon Mammalia, living as stationaiy pai-asites upon the skin,

sucking the blood; they gi-asp the hair by means of theii- legs. The foUow-

ing species occm- on Man: Pediculus caTpitis and P. vestimenti, which ai-e

very similar, the former living exclusively in the haii- of the head
;
the latter

on the naked portions (or, more con-ectly. the sparsely hahy), of the body; also

Phthirius pubis on the hauy portions of the body, with the exception of the

bead (in the haii- of the pubic region, the beard, etc.), distinguished by the gi-eat

breadth of the thorax and abdomen. Other species, on domestic MammaHa.

Order 3. Neuroptera.

The Neuroptera are holometabolous Insects, witli four

similar, tliin wings, and biting nioutli-p arts. The

antennae are usually multiarticulate ; in some, the mouth-parts are

well developed ; in others, rudimentary. The prothorax is freely

movable; the wings in some are closely veined, like those of the

Libellulidte ; in others, there are fewer veins. The larvje are pro-

vided with legs, but in other respects, are very diverse. The pupa

is peculiar in seeking a convenient spot for the completion of
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metamorpliosis ; if it is enclosed in a cocoon, it bites its way out for

tMs purpose. Tlie following may be taken as examples :

1. Ant-lions {Myr7neleon). Fore and liind wings large and similar, almost

of equal size, with a delicate close veining ; the antennae, fairly short and thick,

somewhat club-shaped ; the mouth-parts well developed. In their habits very

like the LibellulidEe. The lan'a3 to which the name of " Ant-lions " was originally

Fiff. 217.

Fig-. 219.

Fig. 217. Chrysopa. a Imago, h larva, c

—

d pupa, e—/pupa cases (/ opened), g eggs,

h egg enlarged.—After Taschenberg.

Fig. 218. Panorpa communis, ^.

Fig. 219. Boreus Memalis, ^.

given, have laa-ge slender mandibles, which are hollowed out ventrally ; into these

gi-ooves, the elongate fii-st maxillae fit, so that each mandible, -with its maxilla,

foi-ms a hook perforated by a canal ; the canal leads into the mouth, which is

closed but for this. The larva sits in a funnel-like pit in the sand, and catches

passing Insects which fall in by accident, or in consequence of a shower of sand

which it throws over them with its head. The prey is devoiired with the

help of the hooks ah-eady mentioned. Closely allied to the Ant-lions, is the

Golden-eye (Chrysopa), a small delicate gi-eenish insect, with large wings.

It resembles the Ant-lions in the main points of its structm-e, but differs, among
other things, in its long, l:)ristle-like antennae. The gi-eenish larva, "Aphis-lion,"

is also similar to larval Ant-lions, but it moves freely about on trees and eats

Aphides. The eggs are attached by long stalks to leaves. Some species ai-e very

common in Great Britain.
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2. The S corp ion -flies (Panorpa), are characterised by the snout-like

elongation of the head ; the males by the presence of pincers at the end of tlie

abdomen, which like the sting of the Scoi-j)ion, may be curved upwards. Wings
small and xmiform, l^ody and legs slendei'. Actively predaceous

;
length about

10 m/m. The larva (with prolegs) lives in the earth, upon decaying matters.

P. communis abundant everywhere in the summer. Another form is the springing,

apteroiis (possessing rudiments of wings), Boreus hiemalis, about 4 m/m. long,

which occurs in the imaginal state, from October to March, sometimes even on
glaciers. Larva, like that of Panorpa. In Great Britain.

3. Spring-flies or Caddis-flies (genus, Phryganeu and others).

"Wings hairy or scaly ; the hind wngs, which are broader than the fore, are

folded beneath the latter ; the veining is less pronounced than in the Ant-lions.

The antennae are long, the mouth-parts rudimentary and functionless. The
larvae are aquatic ; the abdomen is long and cylindrical, bearing thread-like

tracheal gills laterally, and hidden in a tube formed of fragments of plants, snail

shells, or stones, often very regular in construction ; the particles of which the

tube is composed, are held together by a web. When the animal moves about,

the head, legs, and thorax protrude from the tube ; it is attached to the tube by

means of two hook-like caudal cerci, and often by stout outgi-OAvths of the fii-st

abdominal segment. In some forms, the tube is attached to some foreign body,

a large stone or the like, and, in all before pupation, it is fastened to some object

in the water, and is then closed by a network of thi-eads ; the pupa, like the

larva, possesses tracheal gills.

The small group, Strepsiptera, has been regarded by some authorities as

belonging to the Neiu-optera ; its systematic position is, however, doubtful. The

laiwae (genera, Xenos, Stylops, etc.), Kve in the larvae, and, later, in the imagines of

Bees and Wasps, the host imdergoing metamoi-phosis in spite of the presence of

the parasite. Before ptipating, the strepsipteran larva pushes half-way out

of the body of the host between two abdominal rings ; and here the pupa may be

found with one end projecting. Sexual dimorphism is well-mai'ked ; the male

possesses well-developed eyes and legs (without claws), and large hind wings.

Fig. 220. 1—4 Xenos Rossii. 5 X. Peckii. 1 Newly-hatched larva. 2 FuUy grown

female larva. 3 Female (imago)- 4 Fully gvowa. male larva. 5 Male (a fore-wing).—

1—4 after v. Siebold, 5 after Kirby.

which can be folded up lengthways, whilst the fore wings ai-e quite nidimentary.

The female is maggot-like, without limbs, wings, or eyes ; it does not leave the

host, but pushes out a portion of its body, and is there sought out by the male,

and fertilised. The embryos are developed -within the body of the parent, and

hatch out as hexapod larvae, which move actively about in the host, and later,

bore into its larva, where they become maggot-like. In the larva, and in the

adult female, an anus is wanting.
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Order 4. Coleoptera (Beetles.)

The Coleoptera are holometabolous and liave biting moutli-parts

;

tlie fore wings are modified to form elytra. Tlie exoskeleton is usually

very firm, often brightly coloured. The head, which is partially sunk

into a dejoression of the prothorax, bears a pair of compound eyes of

diverse form; sometimes they are reniform, and the inpushing on

the front edge is in some cases so deejo that each is divided into an

upper and a lower portion, and thus there are two compound eyes on

each side. Ocelli are almost ahvays absent. The antennae usually

consist of eleven joints, but the number may be increased to about

thirty, or reduced to four ; in different species their foi-m varies

considerably. The mandibles differ according to the food
;
they are ^

slender in predaceous forms, thicker in hei-bivorous ; the mentum is

usually a well-developed, firmly-chitinised plate, whilst the rest of the

lower lip, with the exception of the palp, is usually only feebly

developed. The prothorax is large, strongly-chitinised, and freely

articulated with the mesothorax; between the prothorax and meso-

tiiorax there is a deep constriction. The mesothorax and metathorax,

of which the latter is best developed, are immovably connected; they

are covered above by the elytra so as to leave a scutellum ; the most

anterior portion of the mesothorax is covered by the hinder edge of

the prothorax. The tarsus is usually five-jointed, but there are not'' a

few exceptions to this. The fore wings are elytra, and during

rest they meet along the mid-dorsal line or may even be folded the

one over the other, whilst their lateral edges wrap round the lateral

edges of the body (Fig. 197) ;
they thus form a very complete covering

not only for the hind wings but also for the dorsal surface of the

mesothorax and metathorax, and usually for most of the abdomen;
they are generally very hard. More rarely they are short, so that

the larger portion of the abdomen remains uncovered ; in some
they overlap along the mid-line. The posterior are true wings, thin

and membranous, with few veins ; when at rest they are usually

folded not only lengthways but also transversely. In not a few
they are rudimentary or they may be absent, but in spite

of this, the elytra are generally just as well developed, since

they afford a covering for the abdomen ; both pairs of wings are

wanting in only a very few cases. The abdominal somites are

divided into tergal and sternal half-rings, which are frequently

somewhat displaced ; there are always fewer sterna (four to seven)

than terga (usually eight) ; the latter are less strongly chitinised

as far as they are covered by the elytra, the dorsal surface of the

abdomen is thus softer than the ventral. The larv£e vary con-

siderably in form; they usually possess legs but may be maggot-like.

Only a few of the most important families of this extraordinarily large

order are mentioned here.
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1. The C a rabid 33 (genus Carabus, and many others), active, slim,

usually dark-colom-ed beetles, with long powerful legs ; antennaj filifoim,

mandibles slender, projecting; first maxilla with a two-jointed lacinia. The
tai-si of the first j>air of limbs in the males are very often broad and hairy below,

enabling them to hold the females firaily ; the other tarsi are long and thin. In
not a few the hind wings are rudimentary. The larvaj, which, like the adults

are almost always predaceous, are itsually darkly-coloured, with a gi-oup of

ocelli on each side, and with well-developed legs, each with two claws ; in other

coleopteroiis larvas there is usually only a single claw on each foot. The Tiger-
beetles {Cicindelci) are small Carabids characterised by their bright colom-s

(gi-een, etc.). The larva is paler than that of most of the Carabidai, and exhibits

a pair of hooks on the back ; it lives in a buiTOw in the gi-ound, where it lies in wait

for its prey. The Dytiscidse (genus, Dytiscus, and others) are to be regarded

as a type of Carabidse specially developed for an aquatic life ; in most respects

they resemble the Carabids, but differ from them in the broad, oval body, and in

the modification of the hind legs as natatory organs, the tarsi being broad and
hairy at the edges. In the males, the fii'st thi'ee joints of the front tarsi are still

broader than in the Carabidse, and are fmnished with ventral suckers (modified

setae). They come to the siu-face to breathe
;
by night they usually leave the

water and fly about. The 1 a r v se are also aquatic, and are slender : the

legs are fringed with setse ; then- most striking peculiarity consists in the

perforation of the thin mandibles by a fine canal, which opens at the tip and

leads at the other end into the mouth (the canal is really a gi'oove -with apposed

edges, c/., the poison tooth of snakes), whilst but for this the mouth is completely

closed. The prey is sucked out by these mandibles. Allied to the Dytiscidse is

another grotij) of Water-insects, the Whirligigs {Gyrinus), small forms which,

usually swim about actively on the sm-face of the water in the svmshine. They

are distinguished by several features : the middle and hind legs are modified to

form short, broad, flattened, fin-like natatory organs, whilst the longer front legs

are normal in structui-e, and are used as organs of attachment when the insect

dives. Each eye is divided into an upper and a lower liortion, of which the

former looks upwards, the latter downwards. The larvae coiTespond with those

of the Dytiscidse in the structm-e of the mandibles, etc., but diflier from them in

the possession of closed stigmata and a row of filiform branchise along the sides of

the abdomen.

2. Staphylinidse (genus Stcqyhylinus, and others), distinguished by the

small size of the elytra ; the larger portion of the very movable abdomen is

uncovered, but it is well chitiuised dorsally ; the hind wings are folded across

twice, in order to find room tmder the elytra. The body is elongate, the

antennse filiform, or somewhat clavate. The adiilt generally lives upon decaying

plant and animal substances. The 1 a r v aj are like those of the Carabidaj, but

possess only a single claw on each foot (or more correctly, the tarsus itself is

pointed)
;
they are pro-vided with two jointed cerci, and the anus is situated on a

tubular projection. They feed as do the adults, or are predaceous. This family

is extraordinarily rich in species.

3. The Carrion-beetles (Silphidw) have the antennse clavate, or at least,

somewhat thickened at the tips. In some forms, the elytra cover the whole of the

abdomen; in others, its tip is left uncovered. They are, as a rule, carrion-

feeders. The genus Silpha has slightly clavate antenna, elji-ra covering the

whole of the abdomen, and the body of a flat, oval form. The lavvse ai-e broad

and flattened, firmly chitiuised, and they forage for themselves; Iwth larva}

and adults usually feed upon dead animals, for which they seek. The

Burying-beetles {Necrophorus) have markedly clavate antenna3, elongate

bodies and short elytra usually colom-ed with black and red bands, leaving the
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hinder end of the body uncovered. They make a noise by rubbing the dorsal

sm-face of the fifth abdominal somite, which is provided with two transversely

ribbed area3, against the hinder edges of the elytra. Several generally unite tO'

bm-y small Mammalia, etc., removing the eai-th below the body, in which they lay

theu- eggs. The larvae are pale and bulky, but possess legs and eyes, and feed

upon the can-ion bm-ied by the foresight of their parents
;
they do not forage for

themselves like the lai-vas of the Silphidse.

4. Dermestidae (genus Dermestes and others), small, with clavate

antennae; the surface of the body covered over a greater or less extent

with shoi-t close-set sette. The larvae are provided vnth nimierous upright

setae ; the pupa remains within the displaced larval skin, which thus serves as

pupa-case. The Dermestidae and their larvae feed upon dead animal substances,,

and are often injm-ious to woollens and ftu-s, and to museum specimens.

5. Lamellicornia or Scarabaeidse. A family of Beetles very

i-ich in species, and comprising many beautiful and characteristic forms ; each

of the last thi-ee (or more) joints of the antennae is expanded like a leaf on

one side, and these laminae, when laid upon one another, form a clavate swelling.

The eye has a deep notch in front, into which the lateral edge of the head

extends. The front legs are emphatically adapted for digging, with flattened

spiny tibicB and cylindi-ical coxae ; and to the same end the prothorax is very

powerfully developed. The whole body is usually fairly bulky. The males are

often very imlike the females, with outgrowths on the head, prothorax, etc. The
larvae are whitish (with the exception of the much chitinised head), fat, thin-

skinned, sparsely setose, and usually blind ; the legs are rather feeble, the abdomen
cui-ved, its end often swollen and saccular. Both larvae and adults feed upon
plants or dung. Amongst others, the following belong to this family : The 0 o ck -

chafer {Melolontha vidgaris), the males distinguished from the females by larger

clubs to the antennae ; the larva lives upon roots, the imago on leaves ; the whole
dm-ation of life extends over foiu* years in Britain. Rose-chafers (Cetonia)

are green and shiny ; the elytra are notched at the lateral edges, so that after

spi'eading the hind wings, they can be folded back along the dorsal siu'face, and
the insects can fly with closed elytra ; the laiwa lives in rotten wood and in Ants'

nests. Oryctes nasicornis is a large brown Lamellicorn, the males of which have
large projections on the head ; the larvae occm- in tan, etc. Dung-beetles
(Coprophaga) live as larvae, chiefly on the dtmg of Ungulata ; larvae and adults of

the genus ApJiodms, for instance, are foimd in abundance in cow dimg ; the
female of genus Copris digs a hole in the ground, lays an egg in it, and adds a
small piece of maniu-e to serve as food for the larva when it hatches out.

Geotrapes, bulky, blue insects, the eyes completely divided into upper and lower
poi-tions, strong digging legs ; mode of life similar to that of the forms last

mentioned. The Stag-beetle [Lucanus cervus), is the most striking of

English Beetles ; the male has a large square head, and huge antler-like

mandibles, which are very variable in size ; the antennae are geniculate •^^dth long
basal joints, the club pectinate, the processes being not laminate, but denticulate
and far apart ; the larvae live in rotten oak trees. More abundant is the allied

Dorcus parallelopipediis, a small form in which the mandibles of the male are
very little enlarged ; the larvae in rotten beechwood.

6. The Skip-jacks (Elateridx, genus Elater, etc.) are usually small
with flattened bodies of an ellipsoid form. The prothorax is long, and pro-
vided, posteriorly, with a spine, which fits into a pit in the mesothorax, so that
very considerable movement can take place. When the prothorax is raised
the spine is suppoi-ted against the edge of the depression, and on its being
suddenly allowed to shoot back into the pit the animal strikes the ground
with considerable force, and thus is jerked up. The leap upwards may occur
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when the imimal is in the natunil position, as veil as when it is on its bac-k. The
head is sunk cleeplj' into the prothorax, the antenna3 are sen-ate or pectinate. The
larva) (Wire-worms) are long, sometimes almost wiry and fii-mly chitinised,
with legs, but -^vithoxtt eyes

; the last segment large and vaiying in fonn. These
Insects are for the most part phytophagous. The Buprestidie (genus Biqrrestis
and others) are allied to the Elateridse, which they closely resemble in foi-m,
in the relations of the head, and in the serrate antennae

;
they differ, however^

amongst other things, in the absence of the springing apparatus. The 1 a r v ai

ai-e whitish, blind, apodous ; the prothorax into which most of the head is simk,
is usually very large and broad, the abdomen nan-ow

; they usually live upon
wood, as do longicorn larvae, which they closely resemble. The Buprestidaj
are specially abundant in the Tropics, where large and beautiful forms are
met with

;
in temperate countries there are relatively few, and they ai-e mostly

small.

7. The Malacodermata are characterised by the unusual softness of the
exoskeleton, the elytra, for instance, crumpling up when di-ied. The head is

generally more or less hidden beneath the front edge of the broad, shield-shaped
prothorax. The elytra fit closely together along the back as usual. The
Glow-worms (Lampyris), represented in Britain by two species, belong here;
in these the head is covered by the prothorax, the females have neither elytra

nor wings, and look like larvae ; the adults of both sexes and the larva; (which

feed upon Molluscs) have phosphorescent organs on the ventral side of the
abdomen. In the allied genus Telepliorus (which is not luminous) the head
projects freely; in the simimer several species are foimd on flowers.

8. The Vesicantia are heter omer ous, i.e., the tarsi of the front

and middle legs are five-jointed, those of the hind legs, foiu--jointed.* The
head is constricted posteriorly to fonn a neck, the prothorax is nan-ower than the

elytra, which are not so hard as in most Beetles. The claws are cleft
;
blistering

materials are contained in the body. The ova are laid in holes in the earth ; the

newly-hatched larvae possess eyes and well-developed legs, and crawl about

on plants, attaching themselves to certain Bees and entering their nests with

them ; when the Bee lays an egg the parasite leaves its host and remains in the

cell, where it first devom-s the egg, and then tmdergoes a metamoi-phosis, becoming

a clumsy, blind, short-legged creatui-e, which devoui's the supplies intended for the

bee-lai'\'a. To this gi-ouj) belongs also the Oil-beetle (Meloe), with no hind wings

and with short elytra, which do not fit together, but overlap : also the Spanish-
fly {Lytta vesicatoria), a beautiful emerald green beetle, Avith well-developed

elytra and wings : rare in England, whilst Meloe is common. The Meal-
worm (Tenebrio molitor), a brown, elongate insect, like the Carabida;. l^elongs

to another family of Heteromera. The larva resembles that of the Elateridse,

and is well-known in meal and com.

9. Longicorns {Cerambycida}, genus Cerambyx, etc.) The tarsi are

broad, and apparently consist of only fom- joints, the last being short and

difficult to see (Beetles with this type of foot are termed tetramerous).
They are for the most part large with long heads, long antenna; in the

males often strikingly developed, and emarginate eyes. The larvae which

live in wood, and especially in dead trees, gnawing out long tvmnels, ai-e

whitish, long and somewhat flattened ; broader in front, without (or with feebly-

developed) eyes, with very small legs (or quite apodous). The Leaf -bee ties

(Chrysomelidie) are apparently very different from the Cerambycidae ; they are,

however, closely allied, and possess a tarsus of the same form. The body is

* The families already mentioned have usually five-jointed tarsi on all the legs,

and are termed pentamerous.
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generally bulky and mucli arched, tlie head more or less covered by tlie pro-

thorax, the antennaj shorter than the body, the coloni-ing bright ; but there are

also more elongate forms resembling the Oerambycidas {Donacia). The larvae

are mostly coloiu-ed, with eyes and well-developed limbs ; most of them live upon

leaves.

10. Weevils (Curculionidse ; gemxs CurcuUo, etc.) : tarsi like those of the

Cerambycidse. They are usually small with head prolonged in front into

a shoiter or longer probosciform process, at the tip of which are the small but

well-developed mouth-paits. The antennae ai-e clavate and usually geniculate,

with a long peduncle. The elytra bend over the edge of the abdomen ; the wings

are not infrequently absent ; the exoskeleton usually very hard. The 1 a r v se are

apodous, ciu-ved, and, with the exception of the brown head, whitish, and

usually blind. Both larvae and adults are phytophagoiis (eating leaves, bai-k,

wood, roots), the former ai-e almost always hidden. Many genera and species in

Britain. Closely allied are the Tomicidas, small cylindi-ical forms with short

head and no proboscis (this is the most important difference between the

Tomicidse and the Oiu-culionidse), short geniculate antennae with thick clubs
;

eyes reniform ; the larvae like those of the weevils.* Before laying the eggs the

female usually gnaws a longer or shorter passage, at the jtmction of the wood
and bark, in a tree which is either sickly or has recently died, but is still faii'ly

rich in sap
;
rarely is a healthy tree bored. A number of eggs is laid along the

sides of this tunnel, each in a small depression ; and when the larva hatches

it proceeds to make for itself a tunnel, which is gi-adually lengthened and
widened as the creature increases in size ; the lai'val passages branch off almost

dii-ectly at right angles to the original one, and, like it, run along at the

jimction of the wood and bark. There ai-e all kinds of dcAaations from this

typical arrangement in the different forms. To the Tomicidae belong some of

the worst enemies of forestry (especially pine trees), Tomicus tyjpocjrajphus (the

Printer), and many others, which may do an enormous amount of harm in

the coui-se of a short time if some accident, e.g., wi-eckage by wind, affords a

quantity of suitable brood material, enabling the pests to increase very rapidly.

Then- destractiveness is due less to their normal breeding than to the fact that

if they are once present in large numbers they will also lay their eggs in soimd
trees ; moreover the adults of some species are injurious, in that they eat young
buds {Hylesinus piniperda), gnaw the roots of yoimg plants, and so on.

11. Ladybirds {Coccinellidis) have apparently only thi'ee joints in each
tarsus, but actually fom-, of which the penultimate is very shoi-t (trimerous).

They are small, often almost hemispherical, or somewhat ovate ; the head is

small, with shoit clavate antennae, and simk into the prothorax ; the legs are

shoit. Laiwae and imagines both resemble those of the Chrysomelidae, but both
are predaceous, feeding upon Aphides,.

Order 5. Hymenoptera.

The Hymenoptera are holometabolous witli biting
mouth-parts and four membranous wings. The head is

short and broad, and deeply constricted ofE from from the prothorax,

* The Tomicidse are not to be confounded with the Death-watch {Anohimn) . The
latter possesses a body similar in form and also gnaws wood, but it belongs to quite
a different family and is easily distinguished by its round eyes, by the antennse only
slightly thickened at the tip, and by the possession of pentamerous tarsi ; the larvae
have legs (small and like those of the Scarabfeidse) and eat irregular labyrinthine
tunnels in dead, dry wood, e.g., in furniture, which is often destroyed by them.
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never sunk into it
;
sometimes, indeed, it is situated on a stalk-like

process of the protliorax. The usual mouth-parts are present, and of

these, the mandibles are powerful biting organs. In some Hymenop-
tera—but these are in the minority—the " tongue," which is formed by
the concrescence of the ligulse, is elongate and gutter-like ventrally, and
surrounded by a tube formed of the long, flattened, labial palps and
blades of the first maxilte (only a single blade of each being present) ;

by means of the tongue and its sheath, sweet liquids are sucked up
into the mouth. The prothorax is but feebly developed, the dorsal is

separated from the ventral portion, and is firmly fused on to the meso-

thorax, whilst the latter (with the first pair of legs) is movable. Meso-
thorax and metathorax are usually immovably united, but in the Saw-
flies andWood-wasps they are freely articulated. The legs are character-

ised by the size of the cox£e ; the trochanter is often divided into two
joints (in the Tenthredinidte, Uroceridte, Cynipidge and Ichneumonidse)

;

the first joint of the pentamerous tarsus is much longer than the

following (metatarsus). The front pair of wings is almost always-

much larger than the hind pair ; both are veined, but not very

closely ; those of the same side are connected by a roAv of small

hooks on the anterior edge of the hind wing, which fasten into

the curved hinder edge of the front one; thus, during flight, the

.4 B

Yig. 221. A Abdomen with ovipositor of one of the Uroceridaj. The sjDine (o) is

pushed out from the groove (d) in which it lies when at rest ; this groove is continued from b

into the two long lobes c, which surround the termiaal portion of the spine. B Transverse

section of the spine and the lobes, enlarged, a b and a' b' lobes { = c in A), c d,e and e' the

three acicular pieces of the sting.—After Graber.

two act as one continuous lamina. At the base of the front AA'ing,

there is a projecting scale which covers the base of the hind

wing. In all the Hymenoptera, the first abdominal segment is

immovably united Avith the metathorax, and in the majority {i.e., in

all with the exception of the Tenthredinidae and UroceridEe), there is

a deep constriction between this and the following abdominal

segments; the abdomen is thus said to be stalked, but it must

not be forgotten that the constriction occurs not between the two

regions, but in the abdomen itself; the segments following the

consti-iction are usually narrower than the first. At the hinder
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end of tlie female, there is a hollow stabbing or boring apparatus,

through which the eggs pass when being laid, and with which,

in many cases, a prick or cut is made in an animal or j)lant, for

the reception of the egg; this is the ovipositor of forms

described under 1 and 2; in others (3 to 6), the spine is not

simply an ovipositor, but also acts as a sting; a poison gland opens

into it, and the secretion runs down the canal of the spine ; with

this, other animals may be pierced, either in self-defence or with

other objects (see the Sand-wasps). The great majority of the

larvse are whitish, blind grubs; only in the Tenthredinidae and

Uroceridae do they depart from this type, having legs, etc. {see

below) . The larvae generally form cocoons for pupation.

1. Saw-flies
(
Tenthredinidie) . Abdomen sessile, i.e., without constriction,

broad and slioi-t ; in the females, a short, serrated ovipositor, with which small

cuts are made in leaves for the reception of the eggs. Mesothorax and metathorax

movably articulated, trochanter two-jointed, fairly close veining in the wings.

Some of the Saw-flies reproduce parthenogenetically, either exclusively (?), or in

addition to reproduction by fertilised eggs. The 1 a r v se are coloui-ed, cylindrical,

and eruciform (catei-pillar-like)
;

they usually possess six to eight pairs of

prolegs withotit hooks, besides the thoracic legs (c/., the Lepidoptera), and an

ocellus on each side of the head
;
they live on trees and other plants, destroying

the leaves. Closely allied are the Wood-wasps, genus Sirex, etc. (Uroceridie), in

which the abdomen is long, cylindi'ical, and provided with a longer ovipositor,

whilst in other respects they resemble the Tenthi-edinidse ; the larvae live in wood,

in which they gnaw long winding j)assages
;
they are blind, whitish animals, with

thi'ee pairs of short thoracic legs, but no prolegs.

2. Gall-flies {Cynipidse), small Insects in which the abdomen is short,

compressed, lenticular, with an ovipositor arising from the ventral sm-face
; wings

with very little veining ; two-jointed trochanter. The 1 a r v se live in galls ; the

female bores into living portions of plants (leaves, stems, biids) by means of

her spine, and deposits an egg in the hole thus made
;
later, the plant tissue

swells up in different ways characteristic for each species, in consequence of the

presence of the larva, for it lives in, and upon, the gall thus formed. Some galls

aa-e concamerated, i.e., several eggs are introduced close together into one plant,

and one continuous gall is formed roimd all the larvae. In many species of

Cynipidse, which are found in great numbers on oak-trees, a regular alternation

of parthenogenetic and tine sexual generations is observed (one of each annually)

;

the two generations are dissimilar, and cause gaUs very different in appearance.
Other Oak Gall-flies are apparently all females. Allied to the Cynipidae is a
veiy large group, the Ichneumon-,f lies (Ichneumonid^), usually very small
in size, but often possessed of long ovipositors ; their laiwse live as parasites in
(rarely tipon) insect laiwse, pupae, and ova, caterpillai-s being especially attacked

;

some are parasitic in other Ichneumon larvae. When the egg of an Ichneumon is

laid in that of another insect, the i^arasitic larva lives and develops at the expense
of the egg, and the latter degenerates. Those Ichneumons, which are parasitic
in larvae, usually complete their growth before the pupation of the host, they
then break through its skin and pupate close beside it whilst it dies ; or the
host pupates fii-st, and the parasite pupates within it ; the former then dies, and
the latter only leaves the pupal skin of the host when it has attained the
imaginal state. The Ichneumon larva, which possesses very imperfect mouth-
parts, apparently feeds upon the blood of its host (except when parasitic in an
•egg)

; there may be one, or several, or many in the same individual. In some
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Ichneunious, partlienogenetic reproduction has been obsei-ved ; for the most part,
males arise from the fertilised eggs.

3. Sand- wasps (Crahronidx, Pompilidm). These, like the following
groups, have a simple trochanter, a stalked abdomen, and a sting. They are
active forms, and are chiefly characterised by their mode of Ufe; they catch
Insects, and their larvae, or Spiders, paralyse them Ijy a sting in the ventral nerve
cord, and store them in bui-rows, which they make in the earth or in wood : they
lay one egg in each passage and then close it up; the lan^a feeds upon the stores
thus collected. Other forms divide the burrows up into cells by means of clay
partitions, and deposit one egg in each cell ; others again fonn l^ranchiug tunnels,
and place one egg, with a supply of food, in each branch. More rarely they
brmg fresh supplies of food to the larva daily. The allied Gold -wasp
(Chrysis), is a beautiful, metallic-looking insect, with a very hard chitinous
exoskeleton. This is especially firm on the abdomen, which is much arched above,
but concave below, and appears to be made up of a few large segments, the last
being telescoped. The antenna are geniculate. The body may be rolled up, so
as to present only the hard exoskeleton to the stings of the Sand-wasps, in
whose nests they lay their eggs. The larvae live as ecto-parasites upon the Sand-
wasp larvae.

4. Ants (Formicariw) are distinguished from other Hjouenoptera in that
the second (or second and third) abdominal segment is consideraljly thinner
than the following, and is provided with an upright scaley, or knob-Uke
outgi'owth ; the antennae are geniculate. Ants form colonies, consisting of
males, females, and workers ; the latter being females with imperfectly developed
sexual apparatus : both males and females have lai-ge wings, but those of the
latter are thrown off after copulation : the workers, on the other hand, are quite

apterous. In some species two kinds of workers are met with, some with
large heads (soldiers), others with smaller heads (true workers). Some Ants (of

course only females and workers) possess stings, others have only the coitc-

spouding poison glands, the secretion from which is squii-ted into the wound
made by the mandibles. The nests, which consist of in-egular chambers and
labyi-inthine passages, are, in most cases, tunnelled in the earfh, or gnawed out in

stumps of ti-ees; the biu-rowing forms generally pile up the earth they dig

out above the nest, and thus form a hillock, into which the nest is continued

;

others (e.g., the Red-forest ant, Fc/rmica rufa), construct mounds of pine-

needles, leaves, and so on ; others again, build nests in hollow trees, constructing

the walls of sawdust, etc., cemented together with saliva. Ants are omnivorous

;

the laiwae are fed by the workers upon comminuted food. The habits of these

insects are of the greatest interest, and in many species the most remarkable

conditions may be observed. There are, for example (occiuTing in England),

species wliich steal larvae and pupae from the nests of others, and bring them to theii'

own ; the workei's, which develop from these, fonn a necessaiy contingent of the

working staff of the marauders, or may have to do all the work, even to feeding

their masters. In a Mexican species the abdomen of some workers is much
swollen in consequence of the enormous dilation of the crop, which is fiUed with

a honey-like fluid ; these workers remain in the nest whilst othei*s are out seeking

for honey ; on their return the latter give their booty to the inactive forms, which

thus serve as regular resei-voirs for the honey supplies of the nest. Besides Ants,

an ant-hill harboiu-s (just as in the case of the Termite nests) quite an insect

fauna on a small scale, the members of which are known as M y rm e c o p h i 1 o u s

Insects, e.g., several small Beetles, many of which are found here exclusively.

The relations between Ants and Aphides are well known, the Ants gi-eedily

sucking up the sweet excretion of the latter
;
many ants even cany Aphides

into their nests, and keep them as " domestic animals."
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5. True wasps (FespaWa?), are cliaracterised by geniculate antennae, reni-

form eyes, long and projecting mandibles ; the front wings are folded during rest.

Some of them are solitary forms, leading an existence like that of the Sand-wasps

;

others, among them the genus Vespa (Paper-wasps, Hornets), live in large or

small colonies, consisting of males, females, and workers (females with imperfect

sexual apparatus, but with wings), and buUd ingeniously constructed nests.

These consist of one or more horizontal combs, each composed of a number of

closely apiDOsed prismatic hexagonal tubes closed at one end, the so-called cells,,

which are arranged perpendicularly with the openings downwards, and are used

as dwellings for the larrse and pupse ; the combs may be connected by shafts,,

and the whole nest be sunmrnded by a loose or fiim covering. The material

chiefly used for the nest is a mass fomied of finely masticated wood or bark,,

which, when diy, has the appearance of paper. The larvse are fed upon com-
minuted Insects. The whole population of the nest dies in the late autumn, with

the exception of the yovmg fertilised females. They sui-vive the winter, and in the-

following spring found a new colony, the completion of which is accomplished

later by the workers to which they give rise ; the nest, wliich is often large, is

thus the work of a single summer.

6. Bees {A2oiarise) are usually veiy hairy, the antennae are genicxilate, the

eyes not emarginate, the tongue elongate, the galeae and laciuise, and the labial

palps are often very long and flat; the tibise and tarsi of the hind legs are

usually broad. Some Bees form colonies of males, females, and winged workers
(sterile females) ; others are solitary. The Honey-bee (A2ns melUfica) is a
colonial form, and there is only a single feriile female (the queen) in each nest

;

the hatching of a new female is a signal for a division of the colony, to form
a new swarm ; the Honey-bees btiild combs of the wax secreted by integtunentaiy

glands iipon the abdomen ; the combs are aiTanged perpendictdarly, and consist

of two layers of hexagonal horizontally placed cells, closed at one end, the
openings being laterally directed. The larvae from which fertile females arise,,

live in special, large, roimdish cells, situated at the edge of the comb ; the other
cells are used partly for the workers and male laiwae, partly for the storage of
honey and pollen (bee-bread) ; the honey is cairied to the hive in the crop, the-

a b c

Fig. 222. Heads of Honey-bees, a Queen, h worker, c male.—After Eatzeburg.

pollen is kneaded up and carried in a depression of the tibiae, suiTounded by hairs
(setae), the so-called "basket," which occm-s only in the workers. The whole-
colony sui-vives the winter, and this -svithout hibernating ; a fairly high tempera-
tm-e prevails in the nest. The male bees (drones) have very large eyes, and like
the queens are much larger than the workers; they develop from unfertilised
eggs. Closely allied to the Honey-bee is the B um b 1 e - b e e {Bombus), which
foi-ms small colonies, and lives in nests in holes in the gi-ound ; each colony is

founded by a single large fertilised female which has siu-vived the winter, and
when complete, is made up of a few large females, some smaller females which
only lay drone eggs, a number of workers, and males. Both fertile females and
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workers possess "baskets"; tliey do not build cells, but the eggs are laid each
upon a little hunp of bee-bread and honey, into which the young Iai-\'a gradually
eats, increasing in size by the ingestion of new material ; before pupating, it
spins a glossy ovate covering

; this cocoon which has been wrongly regarded as a
•cell, may sometimes be used for the storage of food, after the Bumble-lsee has
•crawled out of it. The females of many Solitary-bees form small cavities
in the eai-th or in wood, or tine cells of sand, loam, or pieces of leaves. Pollen
or honey is stored in these cells, and one egg is laid in each, and then it is

closed; the larvae feed on the stores, the female taking no further trouble
about them. The females, as well as the workers of some of the solitaiy
Bees, possess baskets ; in others, the pollen is collected on the thick haiiy
•covering of the hind legs, or on the haiiy ventral sm-face of the abdomen.
Not a few of the solitaiy foi-ms are parasitic (Cuckoo-bees), laying their eggs
in the stores of other Bees, so that their larvae may live at the expense of these
.supplies.

Order 6. Lepidoptera.

The Lepidoptera are liolometabolous Insects, with four
•equally developed wings, and with sucking mouth
parts. The whole animal is well covered with hairs. The head is

freely movable ; the multiarticulate antennae are filiform or bristle-

like, clavate, or pectinate, etc. For the structure of the mouth
parts, see p. 233. The three thoracic segments are intimately

•connected, the prothorax small, the mesothorax large. The wings

.are large, covered with minute coloured imbricating scales (flattened

.setae), or " dust," which usually form a complete covering over

the veins and the rest of the surface ; the fore wings are longer,

but generally also narrower than the hind ones. The latter very

often bear on the anterior margins, close to the point of origin, a

strong bristle, or group of stiff bristles, {retinaculum), which fits

into a small ring on the ventral surface of the fore AA^ng; by this

means the two wings of the same side are coupled. At the base

of the fore wing there is a specially developed scale, just as in the

Hymenoptera, but often still larger than in this group. The legs

are feeble, with large coxae and pentamerous tarsi, the basal

joint being much longer than the rest (c/. the Hymenoptera).

There is no deep constriction between the thorax and abdomen,
and the latter is therefore "sessile." The larv», "caterpillars,"

are of a very distinct type. They are cylindrical, with a long

abdomen, bearing prolegs ;
they are almost exclusively phytophagous,

and for the most part lead a free existence upon leaves, and in

•connection with this, and in contradistinction to most other insect

larvae, they are often brightly coloured : the exoskeleton is fairly soft,

with the exception of the firmly chitinised head and prothorax.

There are five or six ocelli on each side of the head, a pair of short,

three-jointed antennae, and the usual biting mouth-parts. The thorax

is provided with three pairs of short legs, each with a single claw.



Glass 3. Insecta. Order 6. Lepicloptera. 273

On the long abdomen there are usually five pairs of p r o 1 e g s (one

pair on each of the segments three to six, and one pair on segment

nine), sometimes a smaller number, and then usually two pairs (in the

Geometers on segments six and nine), most rarely (in a single genus of

the Tineidte) six pairs. The prolegs are provided at their lower ends

either, as in the Microlepidoptera, with a circle of movable hooks,

curved outwardly, with respect to the centre of the circle ; or in the

Macrolepidoptera, with a row of hooks on the inner side, and curved

inwards : the prolegs are thus adapted for clasping thin branches."^

Caterpillars may be distinguished from the very similar larvce of the

Tenthi-edinidee by the greater number of ocelli, the smaller number of

prolegs, and by the presence of hooks on the latter. The pupa is

characterised by the way in which all the appendages (wings,

legs, etc.) lie close to the body ; all the external surfaces are firmly

chitinised (whilst the surfaces lying against one another are but

feebly so), so that it looks as if it had been varnished. The larvte

possess spinning-glands, which open on to the labium, and many

•of them before pupating either spin a complete cocoon; or form

a case by binding together various particles by means of the silk;

whilst others spin only a few threads ; not a few surround themselves

.still earlier with a saccular case, open at one end, which they carry

about with them.

The Lepicloptera are allied to tlie Hymenoptera, especially to the Tenthre-

dinidse
;
they agi-ee with the latter in the form of the legs (metatai-sus, coxa), in

the presence of a covering-scale at the root of the fore wing, in the feeble

development of the prothorax, and in the structm-e of the larva.

Sub-Order 1. Microlepidoptera.

The prolegs of the larvae have a complete circle of hooks, the

head is directed forwards
;
they live, for the most part, in conceal-

ment, either tunnelling in leaves, stems, or wood, or lying between

leaves held together by the threads which they spin, etc. The pupa3

usually have transverse rows of spines on the dorsal side of the

abdomen. The adults are, with few exceptions, of small size, with

-slender bodies.

1. Tineidie, small forms with narrow wings, bordered with a fringe of

hairs. The members of this gi-oup are numerous : they are often beauti-

fully coloured, but, as a rule, very small. Among them ai'e the Clothes-
moths, Tinea pellionella, and T. tapezella ; the larva of the former species lives

upon fur and woollen materials ; it lies in a sac, open at both ends, formed of

particles gnawed ofE the material and spun together ; and here it pupates. The

* The row of hooks coiTesponds with the inner portion of the circle, and the
unilateral type of foot may be derived from the other by supposing the outer half
of the circle to have disappeared. The last pair of prolegs in the Microlepidoptera,
too, do not possess a complete circle, but a row in which the hooks are curved forward.

T
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hu-va of^ T. tapezella, wliicla is somewhat larger, spins on the outside of the fiu-, ;»

long thin-walled tul>e within which it can move about; the portion of fur oi-

woollen material covered by the case, is eaten away from the sm-face.

2. The " L e a f - r o 1 1 6 r s " {Tortricidx) are, on the
whole, somewhat larger than the Tineidaj, the wing.s
broader, with a shorter marginal fringe. The lanse very
frequently—but by no means in all forms—live in and
upon leaves which they have spun together. A larva,
which is often found in the core of "worm-eaten" apples,
belongs to one species of tliis division (Tortrix pomo-
nana), other species are injm-ious forest pests {Toi-trix

buoliana, etc.).

3. The Wood-borers (Xylotropha). A small
family, the members of which are usually distinguishable

from other Microlepidoptera by their much larger size.

Here belongs the Goat- moth (Cossus ligniperda).

a large, brownish-grey moth (about 80 m/m. across the

\vings) ; the laxya, which is almost naked, and rose-red

dorsally gnaws passages in poplars, osiers, and other

trees. Fm-ther, the wasp-like Clear wings {Sesia,}

with transparent, almost scaleless wings, the whitish

larvBe of which live in trees or in the stems of shinbs.

4. The Case-bear ers (Psyche), are charac-

terised by great sexual dimoiiDhism, the females ai-e

grub-like, wings and legs are absent, whilst the males-

look like ordinary moths. The larva is suiTounded by

a sac spun out of fragments of plants or gi-ains of sand,

the female remains -wdthin this lan'al case. One species,

of the genas, Psyche helix, which forms a spiral case of

fine pai-ticles of sand, usually reproduces pai-theno-

genetically, males only appear now and again.

Sub-Older 2. Macrolepidoptera.

The prolegs of the larvae have a unilateral

series of hooks, the head turns downwards;

they lead a free life upon plants, feeding on

leaves. The pupte have no transverse rows

of spines on the abdomen. The adults are-

usually of considerable size.

1. The Bomhycidse axe bulky forms with dull faded

coloiirs, usually of somewhat indistinct patterns; the

wings are broad and overlap when at rest ; the antennaj of the male are pectinate

on each side, those of the female bristle-like or denticulate; the proboscis is

small. The larvae are usually hairy, often, indeed, very hau-y. The pupa lies

within a cocoon formed either of spim thi-eads alone, or of these together -with

hairs thrown off from the larva, etc. The Bombycidaj ai-e nocturnal, the males

flying about to seek for the inactive females ; in some species the latter have

only i-udimentary wings. To the Bombycidaj belong the Silkworm (Bomhyx-

m.ori), which came originally from China, and the cocoons of which afford the

chief supply of the silk used in industries; the imago is white, the larva

naked, and (unlike all other Bombycidse) provided wath a small horn at the

hinder end of the body. Silk is also obtained from several other species.

Fig. 223. Psyche, a
male, b male pupa, c

female, d female pupa,

e sac containing female,

/ sac containing male
larva.—After Taschen-
berg.
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Others, again, are among the most deadly enemies to the cnltivation of Pine-

trees ; the Pine-lappet (Bombyx pini) and the B 1 a c k - a r c h (5. monacha)

.

Allied to the Bombycidaj are the N o c t u i d se with bristle-like antemise (often

denticulate in the males), rather narrow wings, well-developed proboscis ; the

lai-vEe usually naked. Cei-tain caterpillars of the Noctuidae {e.g., the larvae of

the Rustic, Agrotis segetum), are often pests upon yoimg plants, turnips,

potatoes, etc.

2. The Loopers (Geometridse) are somewhat like the Bombycidaj in

appearance, they have broad, thin wings, bristle-like antennae (often pectinate in

the males). The almost naked caterpillar only possessing the hindmost pair

of prolegs is very characteristic. It moves like a leech, by alternately

straightening and arching the body (the thoracic feet and the prolegs func-

tion as do the fore and hind suckers of a Leech). In some species the female

has more or less degenerate wings (Fig. 208).

3. The H Si -w k - m. o t h. s (SpMngidae). The body is slioi-t and spindle-shaped,

with a conical pointed abdomen, long, narrow fore wings, small hind wings, long-

proboscis, and pointed antennae triangular in cross-section. When at rest the

wings lie horizontally. They are large excellent fliers ; the larvae are naked,

and the abdomen bears a cmwed hoin.

4. The Butterflies (Rhopalocera) have a slender body, clavate

antennae, and broad wings, which, when at rest, are held pei-pendicularly

;

they exhibit beautiful, clear colom-s, and fly by day. The lai-vae often

possess branching, spiny oiitgi'owths, othenvise they are naked or sparsely

haiiy. The pupae are characterised by their remarkably angular form
;
usually

they are simply attached by a single silken thread roimd the body, more rarely

they lie in a loose cocoon. Two of the best known forms may be mentioned

:

the Cabbage-butterfly (Pieris brassicse, etc.), with white wings with small

dark spots (the laz-vae on cabbages), and the Small Tortoiseshell
(Vanessa urtiae), with reddish brown wings, flecked with black (the haiiy

lai-vae live upon stinging nettles).

Order 7. Diptera.

The Diptera are liolometabolous with, reduced liind
wings and sucking mout li-p a r t s. Tlie liead bears a pair

of large eyes, wliicli, in the males, where they are best developed,

often touch in the mid-dorsal line. In the majority (Flies) the
antennae are short, and consist of only three well-developed

joints (of which, however, the last can usually be proved to be com-
posite), whilst in the Midges they are long and multiarticulate. The
mouth-p arts are used for sucking the juices of plants or animals;
the chief features of their structure are given on p. 234. The three
thoracic segments are fused; the prothorax is small. The
rings of the first pair have few veinings, are well-developed and
adapted for flight ; the hind wings are reduced to halteres, which
are in active motion during flight ; their function is not definitely

ascertained. The legs have long coxae, long basal joints to the
tarsi, and often two or three small cushions (pads) on the
tenninal joints. The abdomen is either sessile or separated from

T 2
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the thorax by a constriction. The larvae are invariably

maggots, i.e., the thoracic appendages are absent. Some, however,

still possess a hard chitinised head furnished with eyes, antennae, and
mouth-parts. In others on the contrary, the head is not well

marked, eyes are absent, the antennae absent or very degenerate, the

mouth-parts represented by a pair of darkly-coloured chitinous hooks

(mandibles ?) . The larvas live in water, in decaying substances, in or

upon plants, or as parasites. In those Diptera whose larvae have well

developed heads, the pupas are like those of the Lepidoptera, the

appendages lying close to the body ; in those with " headless " grubs

the pupae remain within the last hardened larval skin (coarctate

pupge)

.

1. Midges (Nemocera) are usually slender with, long antennae, which

in the males are often furnished with long hairs. The wings are naiTOw, the legs

long and tliin. To mention a few forms: Gnats (Culex) antennae of foui-teen

joints, with, long haii'S in th.e male
;
maxillary palps in the male longer than the

proboscis ; the females alone possess mandibles, and stab and suck blood : the

lai-vse are aquatic
;
they have only two stigmata, situated on a tenuinal process

(respii'atory tube) ; the pupa is motile, and has two upright respiratoiy tubes at

the front end of the body ; both larvae and pupae usually hang suspended by these

respiratory tubes from the sm-face of the water. The Daddy-long-legs or

Crane-flies (Tipula) are

(J c h large Midges, th.e lai-vse of

which live in meadows, or

in rotten wood. The Gall-
flies {Cecidomyia, etc.) are

veiy small delicate fonns,

the lai'vae of which, like the

Cynipidffi, frequently live in

galls (one of these for in-

stance, C. fagi, lives in the

well-known pointed gall of

beech leaves)
;
many species,

however, do not fonn galls,

but the lan'ae are found in

living or dead plants. In

some species of this gi'oup,

paedogenesis is known to

occm- (see p. 246). The

S a n d - f 1 y (
Simulia) , a

small fly-like Midge, the females of which, like Culex, are blood suckers ;
several

of the notorious "Mosquitos" of wann coimtries are species of this genus;

others, B 1 a c k - f 1 i e s ,
e.g., S. columbaczensis, of Hungaiy, ai-e sometimes, when

they occiu- in large nvmibers, a terrible plagvie to cattle, since they sting them in

thin-skinned places, and the result of the wovmd is inflammation, fever, or even

death. The lai-vae of this genus are aquatic.

2. Gad-flies {Tahanidse) ; the antenna is said to be thi-ee-jointed, but

the last joint is constricted, and therefore consists of more than thi-ee joints.

The head is short and broad, with very large eyes ; the mandibles are only present

in the female ; the abdomen is flattened ; the lai-vae are cylindrical, living in the

earth. The females suck blood from Mammalia, and ai-e, for instance, gi-eat

plagues to Horses in summer.

Fig. 224. CxiXex. a larva (head downwards), h pupa,

c perfect insect.—After Taschenberg'.
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3. A gi-eat number of FHes belong to tlie family Muscids:. They agi-ee in

the shoi-t°three-3ointed antennte, provided with a jointed bristle on the last

segment ; in the cleft labium ; the halteres often covered by membranous flaps

arising from the fore wings; the headless larvae with two strong chitinous

hooks" in the mouth, and two large stigmata posteriorly. The House-fly

{Miisca domestica), which is distributed over the whole world, passes its lai-val

existence chiefly in dxmg (in stables); the Blue -bottle {M. vomitoria)

lays its eggs in meat, upon which the maggots feed ; an allied and also very

common fly, with dice-like marking on the abdomen, is the Chequered
Meat-fly {Sarcophaga carnaria) ; it is viviparous, the larvae live in decaying

animal or vegetable substances ; the springing maggots which occur in old cheese

are the laiwse of one of the Muscidse {Piophila casei, the Cheese-fly). The

Caterpillar- flies {TacMna) are veiy like Blue-bottles and their allies,

but distinguished from them in the coarse covering of hairs and some other

points ; the larvae are parasitic, chiefly in catei-pillars, living like the lai-vae of the

Ichnetimons, but usually there is only a single parasite in each host.

4. Bot-flies {Oestridae), allied to the Muscidae, but differing in that the

mouth parts are mdimentary, since the imago requires no food. The lai-vae.

which are hke those of the Muscidae, live as parasites in various Mammalia ; the

Horse Bot-flies (Gastrus equi), and other species of the same genus, are

very abundant in the stomach of the Horse ; the larvae attach themselves by their

oral hooks to the wall of the stomach, and feed upon the products of the

consequent inflammation ; the eggs are laid on the skin of the Horse ; the young
lai-vae ai-e licked off, and so enter the stomach as parasites ; the adult larva

passes out with the excreta, and pupation occiu-s in the groimd. The Sheep
Bot-flies {Oestrus ovis) live in the nasal cavities and frontal sinuses of

Sheep; the Bot-fly of the Ox {Hypoderma hovis), veiy commonly occiu-s in

ulcers on the skin of Cattle.

5. The Forest-flies {Hippoboscidw) both from stmctui-e and mode of life

constitute a veiy aberrant group of Diptera. They are flattened Insects with

leatheiy flexible abdomen ; some have wings and halteres, in others these parts

are wanting ; the thorax is broad, the legs of the two sides are far apart ; the

claws are powerful, each with one small point. The adults live as parasites,

blood suckers, upon Mammalia and Birds. The mode of reproduction is very
peculiar ; the egg (only one egg ripens at a time) remains in the ovidiict, and the
embiyo which hatches from it is nourished upon a milky glandular secretion,

only leaves the body of the parent when it has reached its fu.ll size, and
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pupates immediately after birth. On the Horse (and Cow) the active, winged
Horse-tick {Hi^ypobosca eqtnna) is found; in the wool of Sheep, the wingless
Sheep-tick {Melophagns ovimis). The same mode of propagation is followed
by the closely allied, small, blind, wingless B e e - 1 o u s e {Braula cxca) pai-asitic

on Honey-bees.

The Fleas {Aphaniptera) are usually placed close to the Diptera, though
probably incorrectly. The body of these Insects is compressed, the colour bright

yellow to dark brown, the head small with a

1 single ocellus on each side (instead of the com-
pound eye), the antennae small, clavate, and lying
in a pit behind the eye. The mouth-pai-ts are
adapted for sucking, but are very different in

structm-e from those of the Diptera. The actual

sucking-tube consists of the veiy long labram
which is grooved ventrally, and the two mandibles,

which form a half-open tube ; the fii-st maxilla;

are shoi-t, pointed, and provided -ndth a fom--

jointed palp of considerable length
; they foi-m,

together with the labium which canies two three-

jointed palps, a kind of sheath for the ti-ue

sucking-tiibe ; a hypophaiynx is absent. There
are thi-ee distinct thoracic segments each beai'ing

a pair of long powerful legs (the hind legs being

somewhat stronger than the othei-s) with veiy

large coxae and pentamerous tarsi
;

they ai'e

apterous. They live as parasites upon Mammalia
and Birds. The larvae have neither eyes nor

legs ; the whitish body is cylindrical, somewhat haiiy ; the mouth-pai-ts ai"e

biting ; before pupating they spin cocoons. They live in sweepings, etc. Pulex

irritans is a parasite upon Man ; and other species of the same genus also

Fig. 226. Pulex irritans.

1 imago, 2 larva, 3 pupa.

—

After Tascheiiberg.

occtu' upon various other animals. The Chigoe or Jigger {Sarcopsylla

penetrans) of the tropical regions of America sucks the blood of Man and

other animals ; the fertilised female bores into the skin, and as the ova develops

the abdomen enlarges enoi-mously, reaching the size of a pea ; the apertiu-e

into the small cavity in the skin in which the parasite is situated is filled up

by the hind end of the body, so that the eggs can be conveniently deposited

;

after oviposition it dies.

Class 4. Arachnida.

The body is divided into a c e p li a 1 o t li o r a x and an apodous

abdomen. The cephalotborax is usually unsegmented ; tlie

abdomen, whicli is generally short, is segmented in some forms,

unsegmented in others ; sometimes the two regions are separated by a

deep constriction (in the true Spiders), but usually there is no distinct

separation: sometimes the whole body is fused into a single

unsegmented mass (in the Mites). The cephalothorax is usually

furnished, anteriorly, with a varying number of ocelli, grouped in

different ways, compound eyes are never present. A n t e n n je are

absent. There are two pairs of jaws, termed the chelicerffi and the
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pedipalpi. The clielicerse, wliicH lie in front of the moutli,

consist of two or three joints^ and are entirely different from the

mandibles of Insects and Crustacea ; in many {e.g., in the Scorpions)

they are in the form of small chelae. The pedipalpi are usually

leg-like, longer or shorter ; the basal joint is often furnished with a

Fig. 227. Diagram of the anatomy of a Spider, a anus, h c£ECum of mesenteroii,

V its anterior end, h" branches of the cfficum extending into the legs which are here cut

away) ; c cerebral ganglion connected with the ventral ganghonio mass, d mesenteron,

g poison glands, H heart, fcj chelicerEe, k pedipalpi, Z hepatic duct, L lung-sac, Le liver,

M Malpighian tubules, M-^ dilation of the rectum into which M open, o eyes, ov ovaries,

large silk glands, 8' smaller do., T opening of the tracheal system, Z spinnerettes, $
female genita,! aperture.—Modified from Krieger.

kind of grinding ridge, whilst the rest of the joints are either all

simple, and form a strong palp, or the two distal joints are modified

to form larger or smaller chelae. Behind the pedipalpi are four
pairs of legs (ambulatory appendages), which are usually all

similar, and generally consist each of seven joints.

According to the usual interpretation, the cephalotliorax of tlie Ai-aclmicla

coiTesponds to tlie head and thorax of Insecta, the chelicerse represent the

mandibles, the pedipalpi the first maxUlse, whilst the first walking legs are

comparable with the second maxillae (the labium), and the remaining legs

vnth those of Insects. Against this view, however, may be mentioned, among
other things, the stinicture of the chelicerse, which ai-e totally unlike the mandibles

of Insects (consisting of several joints, etc.). Moreover, the Ai-achnida, on the

whole, differ so essentially from the Insecta that it is imxDossible to make a

special comparison of this natm-e. It would, therefore, appear very doubtful

whether the jaws of the Ai-achnida can be compared with those of other

Ai-thi-opods ; more probably they are thoracic limbs, which in correlation

•with the degeneration of the head, have taken on the function of jaws ; in

this case the mouth would have moved back to lie between the thoracic

limbs.*

The skin in most Arachnids is not so hard as in the Insects,

usually the cuticle is leathery, often setose. Among the glands

of the skin, the spinning glands, present in certain divisions

* As in Limulus, with which the Spiders are in no way allied, a view that has
been incorrectly held by some authorities.



280 Arthropoda.

(Spiders, Pseudoscorpions, and others) must be specially noticed.
The nervous system is of the usual Arthropod type, but

characterised in most forms by the
fact that all the ventral ganglia
are fused into a single mass ; a
series of distinct ganglia occurs in

quite a few {e.g. the Scorpions).
Of special sense organs only
the eyes mentioned above are
known ; but since some Arachnids
can produce sounds, it is very
probable that auditory organs are
also present. The alimentary
canal is characterised by the
presence of several c ae c a arising

from the anterior portion of the
mesenteron and extending some
distance into the legs. In the
Spiders, a single large curved
caecum ainses on each side from
the mesenteron, is directed for-

wards and gives off branches which
enter the bases of the legs; the

front ends of the two ceeca lie close

together above the fore gut (Fig.

228), and in many Spiders, unite

at this point. Salivary glands are

present, and, unlike Insecta, many
Arachnida possess a large liver
consisting of numerous tubules

situated in the abdomen. In most Arachnida there are Malpighian
tubules, like those of the Insecta.''^ The respiratory organs
are represented either by tracheae, which open to the surface by

a small number of stigmata, or by so-called lungs ; the latter are

invaginations of the skin, each of which is again pro\'ided with

a series of flat evaginations, lying close together like the leaves

of a book ; each form of I'espiratory organ may occur alone,

or both may be present in the same individual. The vascular
system is often better developed than in Insects ; in the Scorpions

for instance, which are provided with lungs, there is a circula-

tion similar to that of many Crustacea; the blood flows from the

heart through a number of arteries ; the venous blood collects in

Fig. 228. Alimentary canal of

a Spider, diagrammatic. b caecum,

h' its anterior end, 6" lateral branches of

the same, into which the Malpighian
tubules open, I hepatic ducts, m mesen-
teron, 0 oesophagus, o' suctorial stomach,
u Malpighian tubule.—Orig.

* In a variety of Arachnida (Scorpions, Phalangiidse, etc.) there is, in the ccphalo-

thorax, a paii" of large coxal glands which usually open at the base of the thii-d

pair of limbs. They have been regarded as excretory, and considered to be segmental

organs ; the correctness of this interpretation is doiibtful.
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a large ventral blood sinus, and passes ttence to tlie lungs, from

which tlie now arterial blood returns to the pericardium, and enters

tbe beart tbrougb tbe ostia ; tbe beart of tbe Scorpions is a long

tube, divided, as in tbe Insects, into a series of chambers (eight), each

provided with a pair of ostia. In other Arachnida, tbe heart i&

shorter, and has a smaller number of these

ostia, the vascular system is less complete, the

blood flowing into large sinuses between the

organs. As in other Arthropoda, there is a pair

of ovaries in the female, a pair of testes

in the male; the two glands, whether ovaries

or testes, are frequently partially united, and

the ducts open by a common aperture, far

forward on the ventral surface of the abdomen.

In the PhalangiidEB and the Acaringe, tbe gonads

are united at one end, the other ends being

prolonged into the oviducts (or vasa deferentia)

.

These soon unite to form a single canal, which

thus arises from a circle formed by the genital

glands and their two ducts. Sexual dimorphism

is frequently displayed. The Arachnida only

occasionally undergo a metamorphosis;
the newly-hatched animals are generally like

the adults, but sometimes the last pair of limbs is wanting.

Like Insecta, the Arachnida are emphatically terrestrial and

fresh-water forms; many are parasitic. Besides the Pycnogonid^,

whose position here is not without some doubt, a few of the

Acaringe are marine.

Fig. 229. Sexual
apparatus of one of

the Phalangiidae.
0 ovary, u swelling of the

long oviduct, op ovi-

positor, m retractor

muscles of the same.

—

After Gegenbaur.

Order 1. Arthrogastra.

The members of this order, which includes a number of very

different forms, are distinguished from the two following orders,

in that the abdomen is segmented. The chelicerse are

generally chelate. Respiration is effected by lungs or tracheae.

1. The Scorpions (ScorpionicZie) possess a more elongate body than tlie

rest of the Arachnids. The cephalothorax, which is not constricted off from the

abdomen, bears in the middle line, dorsally, two ocelli, and anteriorly on each

side, a small gi-oup (two to five) ; the chelicerse ai-e shoi-t, strong chelae ; the

pedipalpi, which forcibly recall the large chelae of the Ci'ayfish, are of considerable

length (as long as, or longer, than the legs), and each is fiu-nished with strong

claws, the four pairs of legs are well developed. Of the thirteen abdominal

segments, the last six are much narrower than the anterior, and form a very movable
tail (post-abdomen), which the animal curls up over the rest of the body so

as to caiiy it with the tip pointing fomvards ; this tip, the sting, bears the

openings of two poison glands, which lie in the anterior swollen portion of the
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terminal joint. Tlie anus is situated in the membrane between the last andthe penultimate somites. Anteriorly, on the ventral smface of the abdomen
just behind the legs, there arises a pair of flattened, imsegmented appendajjes
(the pectmes), the posterior edges of which are toothed; theii- significance is

unlcnown. Close to them lies the genital
aperture; on the broad portion of the
abdomen (pre-abdomen) there are also, on
the ventral sui-face, four pairs of slit-like

stigmata, the openings of the same numljer
of 1 u n g - s a c s . The Scoi-pions are fairly
large animals; they are viviparous, the
yoimg ones remain with the parent for the
first few weeks, but the latter dies before
long. They occur in the tropics and in
the wanner regions of the temperate zones
(two species in S. Europe). They remain
in one place, feeding upon Insects and
Arachnids, which they seize with their
ehete, and kill by a stab of the sting.

2. The Pseudoscorpions (genus
Chelifer and others) recall at fii-st sight

the Scoi-pions, which they resemble in the
stractiu-e of the chelicerae and pedipalpi.

They differ, however, in many respects.

The abdomen consists of eleven somites;
its hinder region is not developed as a

post-abdomen, and a sting is absent ; fm-ther,

respiration is by tracheaj, which open
by two pairs of stigmata on the ventral

surface of the abdomen. Antei-iorly there

are one or two eyes on each side of the

cej)halothorax, but these may sometimes be absent. On the ventral sm-face

of the abdomen, near to the genital pore, is a number of small papillae,

perforated by the apertm-es of the spinning glands. The ova and the

larvae, which are hatched in a very imperfect condition, are carried about

on the ventral sm-face of the body ; the fonner are boimd together

into a mass. The Pseudoscoi-pions are small
;

they live beneath bark, in

moss, old books, collections of Insects, and so forth
;
they feed upon Mites,

Book-lice, etc.

3. The Harvest Men (Phalangiidse)* have a short, arched body, which is not

shai-ply divided into cephalothorax and abdomen. The cejahalothorax, which

consists of thi-ee indistinct and immovably connected segments, Isears a pair of

eyes dorsally, like the two median eyes of Scorpions ; the chelicerse have small

chelae, the pedipalpi are antenniform, much shorter than the extremely long legs,

which are characterised by the division of the proximal joint into a number of

smaller segments. The abdomen consists of eight ill-defined segments, it is

provided, anteriorly, -with a pair of stigmata leading into a system of trachese.

The Phalangiidae are peculiar in that the males possess a long extensile copulatoiy

organ, the females a long eversible ovipositor ; the genital apertm-e is anterior.

At first sight they look very like long-legged Spiders, and are chiefly met with in

the dwellings of mankind.

Fig. 230. Scorpion, seen ven-
trally; chelicerae, legs and post-
abdomen not completely dra%vn. g
genital aperture, k pectines, o chelicerae,

u pedipalpi, s stigmata, 1—l legs.

—

After M. Edwards.

* This description does not apply to a few aberrant forms.
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Order 2. Araneina {Spiders),

Tlie Spiders may be distinguished from other Arachnidas by the

separation of the cephalothorax from the abdomen by a deep
constriction. Both regions are unsegmented, but newly-hatched

animals show indications of abdominal segmentation. Anteriorly the

cephalothorax bears a group of six to eight ocelli, arranged in various

ways. The chelicerEe consist of a simple, strong basal joint, and a

claw-like terminal segment, at the tip of which opens a poison gland.

The pedipalpi are antenniform, with broad basal joints ; the terminal

joint in the adult males is modified, hollowed out, etc., and thus

adapted for introducing the spermatozoa into the genital aperture of

the female; it is often very complicated in form. The legs are very

strong, often of considerable length. Anteriorly, on the ventral

surface of the abdomen, there are always two stigmata, each leading

into a lung - sac; in a few Spiders, posterior to these, there is a

second pair, which either (Mt/gale) lead into a similar pair of lung-

sacs, o r {Argyroneta) lead into t r a c h e as . In most of the Spiders,

however, this second pair of stigmata is wanting, instead there is an

unpaired stigma posteriorly, just in front of the spinnerettes, and

this leads into a variously modified system of trachea. The majority

of this group possess both lungs and tracheae; a smaller

number have only lungs, but in this case there are four. Posteriorly,

below the anus, there are four or six spinnerettes, fairly large

processes beset with a larger or smaller number of short, fine tubes (in

Epeira, altogether about 700) ; at the apex of each of these is the

aperture of a silk gland, which lies in the abdomen. These spinning-

glands may vary considerably in structure, even in the same animal,

and may give rise to different secretions. As the substance is

pressed out through the tubules it hardens to form fine threads
;

in many Spiders which form webs some of these threads remain sticky

.

By means of the feet the fine threads may be woven together into

coarser ones ; all Spiders spin cocoons for their eggs, many form
webs or tubes, in which they live. The genital aperture lies

anteriorly on the abdomen. The males are often smaller than the
females, sometimes the difference is so great that, although in other
respects the structure is normal, they have been termed dwarf
males. Spiders feed chiefly upon Insects which they kill with
their chelicerae. There are very many species, but the group
is very uniform, and is abundantly represented in temperate
countries.

As examples may be mentioned : the B i r d - s p i d e r s {Mygale), large tropical
foi-ms, thickly covered with hairs, and possessing four limg-sacs

;
they will even

attack and consume small Vei-tebrata ; the common Cross- spider {Epeira
diadema), which, like the House -spider {Tegenaria domestica), spins webs,
and often lives in or near houses ; the W a t e r - s p i d e r {Argyroneta aquatica)
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abundant in small pieces of water, where it builds a l>ell-like welj, the cavity
of which is filled with air, can-ied by the animaJ from the sm-face of the water
in its velvety covering of hairs.

Order 3. Acarina {Mites).

The Mites are small, frequently even microscopic Arachnids, in
which the cephalothorax and abdomen are generally fused
into a single mass. They possess from one to three pairs of eyes, or
none at all. The mouth-parts are usually short. The pedipalpi,
as well as the chelicerae, may be chelate, they are sometimes used
for biting, sometimes for stabbing. A heart has only been demon-
strated in some of the Acarines

; special respiratory organs are
frequently absent, but in many there is a tracheal system,
opening by a pair of stigmata. On hatching, the Mites possess only
three pairs of legs, the fourth pair develops later ; in other respects

also, the larvte may differ more or less from the adult. Many
undergo a resting period before moulting.

The genital aperture, as in

other Arachnida, is situated

anteriorly on the ventral sm--

face of the abdomen. In some
females {Tyroglyphtis, probably

also in the Sarcoptidae), there

is, besides, the ordinaiy genital

opening, a second one pos-

teriorly, just in fi-ont of the

anus, by which the spermatozoa

are received dm-ing copulation,

whilst the anterior serves as

the oviducal pore.

1 . Trombidiidce, red, velvety,

quadi'angular animals, some of

which are among the largest of the Mites. The larvffi live as parasites on
Phalangitim, Spiders and Insects; the adults are predaceous. The Water-
mites (Hydrachnd and others), are roundish animals, often of a red colour,

which swim about in the water by means of their hairy legs; the hexapod
larvae are parasitic on aquatic Insects, whilst the adults ai'e usually free-living

(one sjDecies of this group is in the adult stage jjarasitic upon the gills of

the Fresh-water Mussel). The Beetle-mites (genus Gamasus) frequently occm-

on Beetles, Bumble-bees, etc. They are small animals, with an oval, flattened,

rather hard, brownish body
;
they run about freely on the body of the host. An

allied, but thin-skinned form, the common Bird- mite {Dermnnysstis avium)

occui's on Birds (Fowls, Canaries), and sucks their blood; like some of the

Hemiptera, it is a temporary parasite preying \xpon the Birds by night. The

Ticks (Ixodes) are flat, with a fairly hard, but very extensible exoskeleton

:

they can move about, but attach themselves to Mammals, Birds, and Reptiles,

in order to suck their blood ; the female increases enormously in size when

gorged. The species of the Genus Tyroglyphus (Cheese-mites and Flour-mites),

live in old cheese, meal, and many other half-di-ied organic substances; they

are white, shining, almost microscopic animals. All these Mites, with the

exception of Tyroglyphus, possess tracheae.

Fig. 231. Diagi-am of the anatomy of a Tyro-
glyphus

; legs cut off. a anus, c cerebral ganglion,
d mesenteron, fcj chelinera, k„ pedipalp, If Malpighian
tube, n ventral ganglionic mass, Ov ovary; $ aper-
ture of the oviduct, $ ' copulatory apertui-e.—Orig.
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2. Itch-mites {Sarcoptidne) are microscopic, blind, without trachese, and

generally mth suckers at tlie tips of the feet; they live as stationary parasites

on Mammals and Birds, and feed either iipon the skin or upon exuded lymph.

There is a marked sexual dimoi-phism, and it is interesting to note that copula-

tion occiu-s before the females have reached the adult form, and whilst the ovary

is still entirely undeveloped. Here belongs the human Itch-mite {Sarcoptes

scabiei) which biuTOws in the epidermis ; the female has suckers on the two

anterior pau-s of legs, the small males also have them on the foui-th pair.

Various nearer or more distant allies live in and on the skin of other Mammalia

and Bii-ds, causing mange. Peculiar microscopic Mites of elongate fonii and with

short legs, destitute of suckers {Democlex folliculorum) occur in the hair foUicles

of the human nose ;
they are quite hamiless, hxit a variety of the same species

which is parasitic upon Dogs, causes a very bad skin disease in this animal.

3. Gall-mites (Phytoptus) are microscopic, with elongate bodies, and

are easily distingtiished from other Mites by the possession of only the two

anterior pairs of legs. They suck the sap of plants and thiis cause various

abnormal growths of leaves and buds of many,

especially woody, plants.

Appendix to the Arachnida.

The thi-ee groups following are very peculiar,

and theii- systematic position is not at all certain
;

they are generally, however, regarded as belonging

to the Ai'achnida, and this is probably tme for

the first two. They are, however, so very aberrant

in aU respects that they are best considered in an

appendix.

The Pentastoma (Pentastomum) hve para-

siticaUy in various Vertebrata; they are animals

of veiy considerable size, and at first sight are

xery like short-jointed Tapeworms. The body is

elongate, usually flattened, and separated by
fmTOws into a large number of short segments

;

the segmentation is, however, only external and
does not affect the internal strixctui'e ; the limbs

are only represented by two pau-s of chitinous

hooks which are situated anteriorly not fai* from
the mouth. The alimentary canal is a straight

tube, the anus posterior. The male genital

aperture lies far forward on the ventral surface,

the female pore close to the amis ; the genitalia

recall those of the Ai-achnida. The central

nervous system is reduced to a ventral ganglion

below the pharynx and a ling arising from it

to run round this. Sensory, respiratoiy, and
circulatory organs are absent. Pentastomum
tienioides, when sexually matm-e, inhabits the

nares and frontal sinuses of the Dog and the

Wolf (female 8 c/m. and upwar(fl8, male 2 c/m.

long). The ova escape with the mucus of the

nose, and each contains a young Pentastomum,
possessing two pairs of small hooked legs. If these ova are ingested by a Hare
or Rabbit, the egg shell is dissolved in the stomach, and the small animal makes
its way into the liver, where it gi-ows considerably, but does not become sexually
mature. Immattu-e Pentastoma are also now and then found in other Mammals,

Fig. 232. Female of Penta-
stomum taenio'ides. d gut, h
hooks, oe oesophagus, ov ovary,
rs seminal vesicle, va oviduct.

—

After Leuckart.
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and in Mau himself ; if an organ containing such parunites )je devoured by a Dog,
they wander into the nasal cavities and comi^lete their development.

The Pycnogonidae, or Crab -spiders, have a very rudimentar}'
a b d o m e n ; tlie cephalothorax is narrow and divided into four segments. The
most anterior is elongated to form a snout-like process, at the tip of which is the
month ; the cephalothorax bears four ocelli, a pair of chelicera which are usually
clawed, and a pair of antemiiform pedipalps, though both these pairs of limbs may
be absent; and also four pairs of eight-jointed legs, which maybe thick or
very elongate, and which always make up the main mass of the body. In
the males, at the base of the first pair of legs, there is a pair of jointed,

leg-like appendages, to which the eggs are attached; these appeudage.s
may also sonxetimes occui- in the females, which do not cany the eggs. The

caeca of the alimentaiy canal extend far into

the legs. Respiratory organs are wanting, but
a heai-t is present. There is a pair of ovaries,

or of testes, wliich imite postei-iorly and send

branches into all the legs ; ova and spei-matozoa

escape by apei-tiu-es in the second joints of all, or

of some of the legs. The newly-hatched larvaj are

unsegmented, and possess only three pairs of

limbs, of which the anterior represent small chela;,

and are modified to fonn the chelicera3 of the

adult ; the second and third paii's are short ; the

latter apparently degenerate, whilst the second

form pedipalpi. Sometimes the lai-vae are

parasitic in Hydi'ozoa. The Pycnogonidse are marine, crawling slowly about at

the bottom of the sea. In northern seas both short-legged (Pycnogonum) and
long-legged forms (Nymphon) occur.

The Tardigrada, or Bear - animalcules, are microscopic animals, which

live in moss, in gutters, and in fresh water. They are elongate, indistinctly seg-

mented, and possess foui* pairs of stumpy imjointed legs, which have claws at

the tips, and by means of which they crawl slowly about. A pair of stylet-

shaped stabbing organs may be protruded from the mouth. Respu-atoiy

and cii'culatoiy organs are absent: on the other hand they possess a paii* of

Fig. 233. Pijcnogonum.

Tig. 234. Diagrammatic figm-e of a Tardigrade, t? viewed from the left side, a anus.

b(j ventral ganglion, c cerebral ganglion, d gland, ea: excretory organ (P), m stomach, o month.

p pharynx, t testis. 1—4 four legs.—Orig. (with the use of figures by Plate.)

small eyes and a fairly well-developed neiwous system, consisting of a lai-ge

cerebral ganglion and several distinct ventral ganglia. The sexes are separate;

the males are much more rare than the females. If the water, in wliich the

Tardigrada are living, dries up, they shrink to small gi-anules, and may pass

yeai'S in this condition ; when they are moistened again they swell out and again

become active. The systematic position of this small group is still uncertain, and

their location amongst the Arachnida appears to be hardly justified.
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Tlie body is unsegmentedj very varied in form, and without

jointed appendages. The skin is soft, often ciliated over large tracts;

the cuticle absent or (usually) very thin. The body-wall foi-ms,

ventrally, a muscular foot, which is either discoidal or com-

pressed, and, on account of its great contractility, forms an important

locomotor organ. Anteriorly there is a more or less well-developed,

head vfith a mouth, often also with tentacles and eyes. Above
the foot and head there is a fold of skin, the mantle, which

extends round the whole animal ; in some instances it is narrow

;

in others it forms a large lamellar expansion on either side of the

body (Lamellibranchs) ; in others again it is better developed either

at the anterior or the posterior end than elsewhere (G-astropods,

Cephalopods), forming a pouch, the pallial chamber, between

the body and the mantle {h in Fig. 239 and 268 B). In the-

majority, the greater part of the animal is covered by an open

shell, secreted by the skin, with which it is usually only

connected at isolated spots, whilst for the most part it lies ire&

upon the upper sui'face of the body. The shell is never cast (like

the cuticle of Arthropoda), but is continually increased in size by
the formation of new material at the edge, whilst it is thickened by
deposits from within ; it consists of a substance, conchiolin,
something like chitin, but differing from it chemically, and usually so

thoroughly impregnated with calcareous salts, principally

carbonate of lime, that these constitute the chief part of the

shell.

The alimentary canal usually exhibits a large expansion,

the stomach; the anus is either at the hind end of the animal or is

moved to one side. Salivary glands opening into the mouth
are generally, and a well-developed liver invariably, present. In
the majority of the MoUusca (with the exception of all Lamellibranchs)

there is, on the floor of the mouth a muscular pad, the tongue,
covered on its upper surface with a thin, stiff membrane, the-

r a d u 1 a , or lingual ribbon, on which are arranged transverse row.s
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of delicate, chitinoid teeth of various forms, with their points
projecting backwards. The teeth in one row may be all similar, but
very frequently some differ from the others; each row is definitely

arranged, and a median tooth is usually present, on either side of whicli
the other teeth are symmetrically disposed. The successive rows are
generally similar. The anterior end of the radula is continually being

Fig- 235. Fig. 236.

worn down and rubbed aAvay ; the posterior end lies in a narrow sac,

the radula- sac, which is frequently very deep; new teeth are

formed at its end, and the radula is gradually jDushed out from it.

Besides this organ, which is very characteristic of the Mollusca, there

occur also within the cavity of the mouth other hard structures,

varying in form (also composed of a substance like chitin), which may
be termed jaws.

The respiratory organs are for the most part gills of

various kinds, usually occurring in the mantle cavity, which on this

-account may also be termed the branchial chamber. In some forms

gills are wanting, and the mantle chamber may then (as in the

Gastropoda) serve as a pulmonary organ ; from others special

respiratory organs are altogether absent. The vascular system
is for the most part well developed, although the blood flows partly

through spaces between the organs. The heart consists of one or

two (in the Nautilus as many as four) auricles into which the

blood flows from the gills (or pulmonary chamber), and a thick-

walled ventricle, which receives it from the auricles, and drives

it into the body. The venous blood collects in one or more large-

spaces which supply the respiratory apparatus. The excretory
organs or kidneys are saccular, and have each two openings,

of which one lies on the surface of the animal, whilst the other

leads into the so-called pericardium, a portion of the body-cavity

.surrounding the heart. The number of the kidneys varies (one to
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four) ;
tliey clearly correspond witli the segmental organs of the

Chffitopoda.*"

The nervous system is peculiar; the typical arrangement is

as follows (Fig. 237 B) : above the anterior portion of the alimentary

canal lies a pair of cerebral ganglia, connected by a com-

missure ; from these a nerve cord runs, on either side, round the

oesophagus to a pair of pedal ganglia, lying in the foot,

-which are likewise connected by a commissure ; behind the cerebral

ganglia lie a pair of pleural ganglia, joined by one pair of

connectives to the cerebral, by another to the pedal ganglia. From

A B 0 D

Fig. 237. Diagram of the central nervous system in various Mollusca.

A—B Gastropods, 0—D LameUibranchs. h cerebral ganglion, / foot, p pleural ganglion,

ig visceral ganglion, i visceral loop, n pedal nerve.—Orig.

each pleural ganglion there arises a nerve cord, which is usually

long, and runs posteriorly through the body, uniting with that

of the other side to form a loop termed the visceral loop:

the visceral ganglia lie upon it, posteriorly. Great differences

appear in the various Molluscs; the nerve cords may be long or

short, sometimes so short that all the ganglia lie close together

and fuse to form a single mass (Fig. 237 D).

The cerebral ganglia apparently con-espond with the same stractm-es in the

Chsetopoda, the pedal ganglia with the first ventral pair of the same ; one pair of

nerves, the pedal nerves, which proceed from the pedal ganglia and run

posteiiorly, and, in various Molluscs {e.g., in Chitons and certain Gastropods,

Fig. 237 A), are veiy thick, and are connected by fine transverse cords, probably

coiTespond with the ventral nerve cords of the Chaetopods. The plem-al ganglia

and the visceral nei^es must be regarded as new stnicttires.

* In many Mollusca—Cephalopoda, many LameUibranchs, several Gastropoda

—

certain parts of the epithelial covering of the pericardium are glandular. Similar
epithelium may occur upon evaginations of the auricles, or there may be true
glandular evaginations of the pericardial wall. Apparently all these structures,
which are called indiscriminately pericardial glands, are excretory organs.
The waste substance formed in the cells, partly as concretions, is doxibtless got rid of
by the kidneys.

U

I
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Upon the head of the Gastropoda and Cephalopoda there is

a pair of eyes, which usually conform to one of the types figured

in Fig. 20, 2, 4r—6 (p. 21) ;
occasionally they are also present on

other parts of the body. In Chitons and Lamellibranchs, cephalic

eyes are wanting ; if any are present in these animals they occur on

other parts of the body. The Mollusca possess a pair of auditory
vesicles with one or more calcareous otoliths {cf. Fig. 19, p. 20);

the auditory vesicles are situated liear the pedal ganglia, but the

nerves which supply them (auditory nerves) proceed direct from the

cerebral ganglia. The tentacles which are universally present in

Gastropods are to be regarded as tactile organs; in other

Mollusca, other appendages, papillae, etc., have a like function. One

or a pair of sensory organs (specialised portions of the skin) regarded

as olfactory, occurs in the mantle cavity of most Gastropods and

various Lamellibranchs ; behind the eyes in the Cephalopoda there is

usually a pair of pits with a similar significance.

Reproductive organs. In some Mollusca there is a pair

of gonads, each with its duct; but frequently there is only a

single gland and duct, or the glands are fused, the ducts separate

and so on. In other respects, also, the reproductive system offers

great diversity
;
many forms are hermaphrodite, others are bisexual

;

the ducts are often furnished with accessory apparatus; usually

peculiar copulatory organs of various kinds are present {see the

various classes). Parthenogenesis is unknown within this group, as

is also asexual reproduction.

The majority of the Mollusca undergo a metamorphosis;
the larva swims by means of a velum, a discoid expansion of the

head with a ciliated margin; often, however, it is represented

only by a crown of cilia upon the head {cf., the larva of the

Chgetopoda).

The Mollusca are pre-eminently aquatic, chiefly marine

animals : many Gastropoda, however, live on land, but for the most

part in damp places. They are not only very abundant at the

present day, but in earlier periods were represented by a great

diversity of forms, and their shells are among the most numerous of

fossils.

Class 1. PlaCOphora {CJdtons).

The Chitons, which were formerly incorrectly placed in the next

class, are a small group of Mollusca possessing a well-marked

bilateral symmetry almost throughout ; there is here no trace

of the torsion so characteristic of Gastropods. They are rather

flattened, somewhat convex, oval animals, with a large discoid f o o t

ventrally. Dorsally there are eight transverse shell-plates, which

are broad, calcareous and imbricate ;
these, like the smaller calcareous
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situated at the tips of

plates, spines, and bristles, which cover the edge o£ the dorsal surface,

are true cuticular structures. The mantle is represented only by

a narrow fold which runs round the whole body, dorsal to the head

and foot (Fig. 268 A) ; it covers a series of plumose gills on either

side. The head, which is not very well marked, bears neither eyes

nor tentacles; on the other hand, eyes occur irregularly on the

dorsal surface in several forms; they are

the soft projections of skin which

perforate the shell-plates, and thus

apparently on the shell-plates them-

selves. The nervous system is

chiefly characterised by the fact that

two of the cords which spring from

the pedal ganglia and run posteriorly

[see p. 289) are very strong and are

connected by numerous transverse

cords. A well-developed radula
is present ; the anus is posterior

and median. The heart lies above

the rectum, it is possessed of two

auricles, arranged symmetrically on

either side of the ventricle. There

is a pair of elongate branched

kidneys, opening into the mantle-

groove, one on either side, just

anterior to the anus. The sexes
are separate

;
ovary and testis single,

but the ducts paired, and opening on either side a little in front of

the excretory pores in the mantle-groove. The 1 a r v ee are oval,

provided with a velum, and tAvo eyes which later undergo degeneration.

The smaller species of eyeless Chitons occur on British coasts ; the

larger forms live in the warmer seas.

Foi-merly another small gi-oup of bilaterally symmetrical MoUusca was also

placed with the Gastropoda, namely, the Scaphopoda (genus Bentalium,
Elephants-tusks, etc.), in which the elongate body is surrounded by a slightly

ciu'ved, conical shell open at both ends. Ftii-ther details of this gi-oup which is

in many respects very aben-ant and isolated in position, cannot, however, be given
here.

Fig. 238. Chiton, viewed from
below, somewhat diagrammatic. m
moutli, / foot, Tc gills, g genital pore,

n urinary aperture, a anus.—Orig.

Class 2. Gastropoda.

The structure of the Gastropods is most easily comprehended on
the supposition that they have arisen by the modification of a Chiton
in the following way (c/., Fig. 268 and Fig. 239). The dorsal
surface has become much arched, generally indeed drawn out into a
long sac, the ventral portion of which is surrounded by the lower

V %
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margin of the mantle-fold. At tlie anterior end of the sac, the mantle-
furrow is much accentuated^ forming a deep pouch, the mantle-
cavity, opening ventrally

;
posteriorly the furrow is shallow, just as

in the Chitons. Most of the

organs (alimentary canal,

liver, gonads, etc.) are con-

tained in this saccular region,

whilst the lower portion of

the body is almost without

viscera ; the sac is covered by

a calcareous shell. In con-

sequence of this peculiarity

of structure, the body of the

animal is naturally divided

into two portions, the soft

visceral hump, the lower

boundary of which is indicated

by the edge of the mantle,

and a ventral portion, in-

cluding the foot and head.

The head is usually

fairly well defined; it bears

a pair of tentacles, which,

in terrestrial forms, can be invaginated like the finger of a

glove, and Avithdrawn into the head, but in other forms, are only

strongly contractile. In some Gastropods (Opisthobranchs), behind

these there is another pair of tentacles, which may often be concealed

within depressions on the head, and whose surface is frequentlyABC D

Fig. 240. Diagrams of various forms of Gastropod shells seen from the

left side. A—B slightly curved ; C spiral shell in which the successive coils do not

touch ; D ditto, in which the coils lie closely upon each other (the common type).—Orig.

much folded
;
they are regarded as olfactory organs. Besides these,

a pair of small eyes is generally situated upon the head; they

are sometimes borne at the tips of special tentacle-like stalks (as in

the Common Snail), but are usually placed directly upon the head

Fig. 239. Diagrammatic figure of a Gastro-
pod seen from the left side (the shell removed).
a anus, / foot, h mantle cavity, m stomach, mu
shell muscle, o mouth, op operculum. Besides
the parts indicated by letters, certain portions of

the nervous system are also drawn, viz., cerebral
and pleural ganglia (seen above the oesophagus),

and pedal ganglion (below the oesophagus). The
dotted line indicates the boundary of the mantle
chamber.—Orig.
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itself or on the side of the tentacles. The foot is generally a

flat, very contractile disc, occupying the whole ventral surface of

the lower portion of the body.

The soft, thin-skinned visceral sac is covered by a tubular shell,

open at one end, closed at the other, and becoming gradually wider

towards the open end. Only in rare instances is the tube straight or

slightly curved, usually it is a spiral, the concavity of which

corresponds, in Gastropods, with the ventral side of the visceral sac

{see Fig. 239). The individual coils of the shell almost invariably

touch one another, and are, indeed, closely united. Some discoidal
shells form a flat coil, like a watch-spring

;
usually, however, the

closed end of the tube is drawn out on one side, so that the axis of

the shell describes a spiral round a cone. The form of most
Gastropod shells is, therefore, conical, although many are widely

aberrant from this, on account of the very different form of shell-

tube. If a shell be placed so that the axis of the cone stands

perpendicular, with its apex (the closed end) uppermost, and the

mouth towards the observer (Fig. 241), the aperture then either

Fig. 241. Fig. 242.

A B

Fig. 241. The shells of two examples of a tropical
land Snail {Bidimus perversus). A left-handed spiral.

B right-handed spiral.—After v. Martens.

Fig. 242. Shell of a Snail (Paludina) in which a
large part of the wall towards the observer is broken
away, n umbilicus, s columella.— Orig.

lies to the right of the axis, and the shell is said to be a right
handed spiral ; or it lies to the left of the axis, giving a left-handed
spiral. The shell is borne by the animal in such a way, that its

point, if a right-handed spiral, is towards the right (and points
upwards and backwards)

; or i£ a left-handed spiral, towards the left
(upwards and backwards). Right-handed spirals are much more
common than left

; in some species the one kind occurs, in others, the
other

;
as individual variations, examples of the left-handed spiral may

be found among forms in which the right is normal ; but it is very rare
to find both forms equally common in the same species. In some
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Gastropods, the shell-tube is coiled in .such a way that a
large cavity is left in the middle, surrounded by the turns of
the shell, and open below; usually, however, the coils lie upon
one another, so that this cavity, the umbilical-tube, is very
narrow; and frequently, its outer opening, the umbili'cus, is
closed by the last coil. Those portions of the spiral which 'im-
mediately surround the umbilical-tube, form a kind of central column,
the columella. '

Growth of the shell occurs as follows : new material is secreted
by the thickened edge of the mantle, and is deposited at the rim of
the aperture, and thus increase in length takes place; growth appears
to be intermittent, in the course of a short time a large portion" is

added, then a longer period of rest occurs, and so on. The portion
of newly-formed shell substance, which covers and grows on to the
older coils, is usually thinner than the remaining free portion, and is

often difficult to make out. In addition to this deposit at the mouth,
calcareous material is also laid down within the shell, over the
whole surface of the visceral mass, and in this way an increase in

thickness is effected. The small, oldest coils at the apex of the
shell may, by this means, become filled with lime : occasionally such
portions get broken away. Besides the new formation of calcareous

material, a reabsorption of the older part frequently occurs

;

for instance, it may occasionally be observed that before the period of

growth begins, superficial portions of the old shell, near to the

mouth, become loosened and worn away where the new shell wall

later be deposited
; internally, too, an absorption of the concealed

portions of the shell takes place, by means of which the septa between
successive coils may be much thinned, or, completely dissolved. The
Gastropod shell consists chieQy of calcium carbonate, with a small

amount of conchiolin; there is usually a thin, uncalcified horny layer,

superficially, which is easily removed.

Transverse sections of shells vary in form, they ai-e rarely cu'culai', usually

somewhat compressed, occasionally even elliptical. In some instances, the younger
coils may almost, or entirely, suiTOund the older ones, so that the latter ai'e

nearly, or completely, hidden from without. The axis of the conical shell is

sometimes long, sometimes shoi-t ; in the latter case, the shell apjjroaches a discoid

form. In some cases the coils are veiy numerous, and the cross-section of the

tube increases p;radnally in size ; in others there are only a few tm-ns. which

increase rapidly in diameter. In not a few Gastropods, when growth has ceased,

the mouth of the shell takes on a peculiar form, becomes thickened, and widened

;

in others, even in young animals, there is a peculiai" rim (thickened and

rough), round the mouth and at the close of each period of giwvth a new rim is

formed, so that the old mouths are indicated by special regions in the sheU. (For

the notch in the shell for the branchial syphons, see below). The shells are often

brightly coloured, and rough with finer or coarser sciUptxirings on the surface,

etc. Sometimes the edge of the mantle is specially well developed, wi-aps over the

edge of the shell, and secretes a bright layer over the siirface {e.g., in Cowries,

Cyprxa),



Class 2. Gastropoda. 295

In the majoi-ity of the Grastropods the shell is formed in the way

described above; there are, however, exceptions. In some forms {e.g.,

Vermetus) it is coiled in quite an irregular spiral ; this is correlated

Avith its firm attachment to some foreign object ; the regular spiral

twisting of snail shells is connected with the fact that a regular

spiral shell can be more easily carried than a long and straight or

an irregular one. In some forms, which are free-living whilst young,

but sessile later, the shell is, at first, regular, but then grows

straight or irregular. In others it is hardly possible to speak of a

tube, the whole shell is a simple basin, and the visceral hump, a soft

pad on the dorsal sui-face (Limpets, Patella). In many Gastropods

the shell and viscera are rudimentary, or altogether absent; the

viscera are then situated in the lower portion of the body. In some

cases, in which the shell is rudimentaiy, or feebly developed, it is

partially or completely enclosed in a fold of the skin.

The visceral sac, for the most part, lies freely within the shell, but

it is firmly connected with it in several places, namely, where the

columellar muscle arises from the columella. This muscle lies

on the ventral side of the visceral sac, and thence runs into the lower

portion of the body, which it withdraws into the shell when the animal

is disturbed.

In many of the G-astropods there is a plate of conchiolin, or

conchiolin and calcium carbonate, on the upper surface of the

hinder portion of the foot. When the whole animal is retracted

into the shell, the foot is drawn together in such a way that this

plate lies below, forming a lid or operculum. The operculum
is firmly fused to the animal beneath, and grows by the secretion

of new material from the skin ; sometimes growth occurs in such

a way that the operculum displays a spiral line on its upper surface;

this, however, is only rarely the case.

The trae operculum wliicli is finnly imited to tlie animal, and gradually

increases in size, must not be confounded with the winter operculum
(epiphragma) . The latter is usually as thin as paper, occasionally somewhat
thicker; and occm-s, e.g., in species of Helix, being very thick and firm in

H. pomatia. When the animal is about to hibernate it withdi-aws into its shell

and tlie epiphragm is formed at the mouth. It consists of a hardened calcified

mucus, and is not attached to the animal, but at the end of the winter is

thrown off, a new one being formed each year.

The skin is soft and slimy ; the mucus is secreted by unicellular

glands which open in great numbers on the surface of the body.

In many of the Pulmonata, larger skin glands, which also secrete

mucus, are present. In the Prosobranchiata there is a peculiar

patch of glandular epithelium on the inner side of the mantle, the

so-called "m u c o u s -g 1 a n d In some Gastropoda, in addition
to mucus, these glands also secrete a fluid, "purple," which, under
the action of light becomes of a permanent violet colour.
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The central nervous system consists of paired cerebral,
pedal, and pleural ganglia, and a varying number of visceral ganglia'
which are connected with one another as shown on p. 289. In the

opisthobranch and pulmonate
Gastropods, the visceral cord
runs posteriorly, forming a
loop between the two pleural

ganglia and lying below the
digestive tract throughout
the whole of its course. In

all the Prosobranchiata on
the other hand, the visceral

loop twists round the digestive

tube in a peculiar way ; the

nerve cord arising from the

left pleural ganglion runs

below the gut, then crosses

above the gut to the left side,

and then again crosses this

time above the gut to run

anteriorly, ending in the right

pleural ganglion (Fig. 243 B).

This peculiar arrangement of

the nervous system pre-

supposes changes in the

position of most of the organs. Of sense-organs, the eyes

have already been mentioned ; for the auditory organs the account

given on p. 290 for the Mollusca in general may be referred to. In

most of the Gastropods there is, within the mantle-cavity, a

specialised portion of skin covered with a peculiar epithelium,

often folded and richly supplied with nerves; it lies near the gill,

and when two gills are present two such osphradia also occur.

There is no doubt that they are sense organs, and they are considered

to be olfactory.

With regard to the alimentary canal, it is important to

notice that the anus usually lies on the right side'^ of the mantle-

cavity quite asymmetrically ;
only in a few isolated forms among

those Gastropods in which the shell is lost, is it symmetrical in

position (see the Opisthobranchs) . In the mouth there is a r a d u 1 a

Fig. 243. Diagi-am of the central nervous
system in relation to the alimentary canal

{A in an Opisthobranch, Bina Proso-
b ranch). h cerebral, y pleural, / pedal, i

visceral-ganglia ; t alimentary canal.—Orig.

* Just as in other animals which are asymmetrical in some respects {e.g. Mammalia),

so in Gastropoda, such a departure from the usual arrangement of organs occurs, that

all which are usually right come to lie on the left side, and conversely {invcrsxo

viscerum) ; the anus is left instead of right and so on. This happens sometimes
in the case of forms vdth shells in a left-handed spiral ; but there are forms with such

shells in which the torsion has not occm-red, even the anus being on the right.
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whicli exhibits numerous modifications in the different forms;

many also are provided with a pair of jaws situated either on the

sides of the mouth, or pushed together dorsally, where they may fuse

to form one (as in many Puhnonata), or they are close together on

the lower side in front of the radula. In one division the mouth

is very well developed, and can he evaginated as a long proboscis,

at the apex of which are the radula and jaws. Sometimes there

is a muscular gizzard provided with hard cuticular plates. Salivary

glands and a liver are present. The heart consists usually

of one auricle and one ventricle, the latter receiving the blood from

the gills or pulmonary chamber. When two gills are present there

are two auricles, one on either side of the ventricle. The arterial

system arising from the heart is well-developed, as are also the veins

which carry blood to the respiratory organs ; a capillary network,

on the other hand, is wanting, the branches of the arteries

and veins being connected by large blood sinuses between the

viscera.

The respiratory organs. In a large number of Gastropods

there are one, rarely two gills, situated upon the left wall of the

mantle-cavity ; the gill is furnished with either one or two series of

lamellae. The entrance to the mantle-cavity is a broad slit below, and

anterior to, the visceral mass ; the muscular rim of the mantle, how-

ever, with the exception of a limited portion, lies so closely upon the

visceral mass that the water can only enter the mantle-chamber at

this spot: it lies on the left side, and may be termed the

respiratory orifice. In many Prosobranchiata that portion

of the edge of the mantle which surrounds the respiratory orifice

is drawn out into a longer or shorter groove, the pulmonary
syphon, the walls of which maybe closely pressed together, thus

forming a complete tube. If a syphon be present, the mouth of the

shell has a notch below (the shell being placed with its apex upwards),

or this is prolonged into a spout, through which the syphon projects.

The water is kept in motion by the cilia of the gills ami mantle-cavity.

In a number of Grastropods, the Nudibranchs, which possess no gill-

chamber, there are various outgrowths of the skin, projecting

freely on the dorsal surface, and acting as gills ; in some
forms they are situated lound the anus, in others laterally. In

the Pulmonata and some of the Prosobranchiata gills are want-
ing ; the inner surface of the mantle is then furnished with a

network of fine vessels, and the mantle-cavity thus performs the

functions of a lung. Lastly, there are many Gastropods from which
special respiratory organs have completely disappeared ; i his is the

case in not a few of the Opisthobranchiata, especially in the

Nudibranchs.
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In the Gastropods there is usually one saccular kidney,
opening into the pericardium, and also to the exterior ; if a mantle-
cavity is present, the kidney opens into it, otherwise on the right
side of the animal. It is usually much folded on its inner surface,
and is sometimes much branched. Occasionally there are two
kidneys.

Fig. 244. Male Peri-
winkle (Littoi-ina) re-

moved from the shell and
viewed from above : mantle
cut along the right side

and turned over to the left.

a anus, d mucous gland,

/ foot, g osphradium, h
heart, fc gill, I Uver, m edge
of the mantle, n kidney,

n' urinary aperture, p
penis, r seminal groove,
s seminal duct, t testis.

—

After Souleyet, modified.

The generative organs (Fig. 246) differ very considerably

in the different groups
;
they have, however, this in common, that the

genital aperture is almost always on the right side, and usually within

the mantle-chamber when this is present. The P r o s o b r a n c h i a t a

,

which are almost invariably of separate sexes, display the

simplest arrangement. In these the ovary and testis, one of each

alone being present, are exactly alike ext(>rnally. The oviduct is a

convoluted tube, widened in one region, and o])onitig into the mantle-

cavity. The seminal duct in most opens in the same position as the

oviduct, and from the genital aperture a groove runs along the

surface of the body to the penis, which is situated on the right

side of the head ; the groove runs down the copulatory organ to

its apex. In others this seminal groove has become a closed canal,
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and tlie sperm duct opens only at the apex of the penis, which

cannot be withdrawn by invagination, as in other Gastropoda.

Glandular appendages of the sexual organs are usually wanting m
the Prosobranchiata. The Opisthobranchiata and Pulmo-

nata are hermaphrodite, and ova and spermatozoa are

formed in one and the same organ, the hermaphrodite

Fig. 2 45. Female Peri-

winkle (Littoyina) dis-

sected as Fig. '241 ; some

portions of the body-wall

and some of the organs

(kidney, pericardium), are

also opened, a anus, (/«

genital pore, h ventricle,

ma stomach, n kidney,

od oviduct, ov ovary, .sd

salivary gland, sp oeso-

phagus, V auricle, e spirally

coiled radula sac.—After

Souleyet, modified.

gland. 'I'he duct is in some of the Opisthobranchs common to

botli ova and spei-raatozoa, and then a common genital aperture is

present ; from this a groove runs along the skin to the apex of

the copulatory organ. In most Opisthobranchiata and in the

Pulmonata the duct is common only to a certain extent, for it

splits a short distance from the hermaphrodite gland into two

canals, an oviduct and a vas deferens, which usually open

close together, the vas deferens at the apex of the penis, which
is here furnished with an actual canal, not simply with a

groove. The penis can be invaginated in all Pulmonates and
Opisthobranchs. In these groups, especially in the air-breathing
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snails, the sexual apparatus possesses numerous accessory organs,
albumen glands (which manufacture the albumen to surround
the eggs), mucous glands (which secrete mucus during copulation),
spermathecte, etc.* Copulation in the hermaphrodite G-astropods is

reciprocal.ABC D E

Fig. 246. Diagram of the genitalia of various Grastropoda. Sexual gland in each case
dotted. A—0 Prosobranchiata, A female, B and G males ; D Opistliobran-
chiata; JSOpisthobrancliiata and Pulmonata. ? oviduct, ? ' female
genital aperture, (? sperm duct, S ' male genital opening, ^ hemaphrodite duct, p penis,
r seminal groove.—Orig.

The terrestrial Pulmonata lay their eggs in the eai'th, each egg is sm-roimded
by a large mass of albumen which is covered by a more or less calcified,

roimd or oval, shell; the latter is veiy like that of a Bird's egg. In the fresh-

water Pulmonata each egg is sunilarly covered by a mass of albumen and a veiy

thin transparent outer shell, bxit a niunber of such eggs lie in a common mass
of jelly (adhering to plants, etc.) ; those of the Opisthobi-anchs, and of some of

the Prosobranchs, are similarly arranged ; in most Prosobranchs [e.g., the Whelk),

, however, several eggs lie without separate shells in a common mass of albmuen,

which is suiTounded by a leathery capsule; the capsules, which often adhei-e

together in gi-oups, are of very diverse, and often strange shapes. Sevei-al of

* In some terrestrial Pulmonata (e g., the common species of Helix) there is a

" d a r t - s a c ," an evagination of the oviduct close to the external genital aperture,

in which a calcareous body, somewhat of the form of an arrow, the " dart," is

secreted ; it is extruded dming copulation, and is to be regarded as an excitatory

organ.
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the Prosobranchiata and Pulmonata are viviparous, the eggs developing within

the oviduct.

The eggs of Grastropods are always small, and undergo total

segmentation. In the Prosobrauchs and Opisthobranchs the larva

passes through a metamorphosis; when it leaves the egg it

usually possesses a well-developed velum, by means of which it moves

about in the water : the foot on the contrary is only feebly developed.

The young Pulmonates have no velum, and

undergo no such transformation.

Amongst those Prosobranchs which lay egg capsules

containing many eggs, a few, or only one in each capsule

develops, the undeveloped eggs are swallowed by the

young animal as it swims about in the albiunen. Fre-

quently the young of such forms undergo metamorphosis

within the egg-capsule, which they leave when the velum

has disappeared, the foot is formed and the body has

reached a considerable size (Whelk, etc.).

The Gastropods are, for the most part, creep-

ing animals, gliding over surfaces by means of

undulatory contractions of the foot ; not a few

{e.g., freshwater forms) have the power of at-

taching themselves, so to speak, to the surface

of the water with the foot upwards, the visceral mass hanging below,

and, in this position, they are able to move slowly along. Some
smaller divisions of marine Gastropods are distinguished by the fact

that they can effect actual swimming movements by means of the

modified foot, or by some special organ. The majority of the

Gastropods (the Opisthobranchs, and by far the greatest number
of the Prosobranchs) live in the sea, not a few in fresh water

(some Pulmonata and some of the Prosobranchiata), many are

terrestrial (the majority of the Pulmonata and some of the

Prosobranchiata)

.

The following table gives a summary of the chief characters of the

Gastropoda

:

Fig. 247. Larva of

a Gastropod (Opistho-

branch). / foot, h au-

ditory organ, op opercu-

oulum, s shell, v velum.

Prosobranchiata.

Sexes separate.

Yisceral loop in the foi-m

of an 8.

The aui-icle anterior to

the ventricle.

Respiration (usually) by
a gill.

Penis projecting freely.

Metamoi-phosis.

Opisthobranohiata.

Hennaphi'odite.

Visceral loop, (J-shaped.

The aimcle usually poste-

rior to the ventricle.

Respiration by gills.

Penis capable of invagina-

tion.

Mettvnaoi'phosis.

Pulmonata.
Hermaphrodite.

Visceral loop, U-shaped.

The aiu-icle anterior to

the ventricle.

Respiration by a pul-

monary chamber.

Penis capable of invagi-

nation.

No Metamoi-phosis.
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Order 1. Prosobranchiata.

To this division, the essential characters of which are set forth in

the preceding table, belong the majority of the s h e 1 1 - b e ar i n gmarine Gastropoda, some of the fresh-water forms and some
of the air-breathing terrestrial forms. Practically all the Proso-
branchiata possess a shell, usually a well-developed spiral, with or
without a notch or canal

; occasionally the shell is cap-like. An
operculum is usually present. There is generally a single gill Avithin

the mantle-cavity. Some are herbivorous, others feed upon living or
dead animals.*

1. Marine forms. This division is represented by numerous forms; in

the tropics, especially, there are many large and beautiful species ; in colder seas
they are also numerous, but mostly small and inconspicuous. Among those
very common on British coasts may be mentioned : the Periwinkles
[Littorina), small, thick-shelled Gastropods, without the syphonal notch, which
may be found in gi-eat numbers on rocks close to the shore: the Whelk
{Buccinum undatum), a large form, with a short syphonal canal, living in some-
what deeper water, and much used for bait : the Pelican's Foot (Aphorrhais
pes pelicani), the mouth of whose shell is prolonged into several claw-like

processes: Limpets {Patella), foiTQS with basin-like shells, which remain for

a long time on the same spot.

2. Fresh-water forms. The following forms occm- in Britain and
elsewhere: the B,iver Snail (Paludina vivipara), tolerably large (as much
as 4 c/m. high), with conical shell (Fig. 242), vi^dparous ; the yoimg when bom
are similar to the adults, and nearly as large as peas ; the eggs are each'- enclosed

in a capsule containing a rich supply of albumen, and remain in the much-widened
oviduct of the female

;
metamorphosis occurs within the egg-capsule. The

allied genus Bithynia is oviparous, and comprises smaller fonns. Another
species, Neritinia, belongs to a family also met with in the sea ; the shell is

hemispherical, the inner edge of its opening flattened.

3. Cyclostoma elegans is a terrestrial form occm-ring in Great Britain

;

it breathes by means of a limg, but may easily be distinguished from the

Pulmonata by the presence of an operculum.

The Heteropoda constitute a peculiar pelagic gi'oup of the Prosobranchiata.

They are almost transparent and large-eyed, with a large compressed foot,

by means of which they move through the water ; the foot is a pei-pendicular

muscular plate, with a sharp ventral edge, and has only letaiued the ordinary

gastropod condition at one spot, in the form of a sucker situated at its edge

(the sucker may, however, be absent). In some cases the visceral himip is very

well developed, and enclosed in a compressed discoid spiral shell ; the foot canies

an operculum, and can be vsdthdraAvn into the shell. In others (Fig. 248) the

visceral sac is small, and provided only with a cap-shaped shell, whilst the lower

portion is relatively huge, has no operculum, and naturally cannot be with-

di'awn into the shell. Lastly, there are some in which the viscei-al mass is still

* In certain Prosobranchiata (Natica) there is, on the lower side of the

proboscis, a sucker-like aroa, the epitheliiim of which secretes an acid. When the

animal lays this against the shell of another Mollusc it forms a hole in the latter,

through which the proboscis can enter to devour the soft portions of the prey.
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smaller, and wHcli possess no shell at all. As lai-vse all have shell and operculum.

The Heteropoda are actively predaceous, and swim with the ventral side tiu-ned

upwards ;
they occiu- in all warm seas ; various forms, for instance, are found in

the Mediterranean.

Fig. 248. One of the Heteropoda (Carwarm). /foot -vvith a posterior sucker (su),

g [gill projecting from the mantle cavity, m mouth, s shell, h keel on the shell.—After

Souleyet.

Order .2. OpisthobrancMata.

Some Opistliobranclis are provided with a visceral liump ; a shell,

which is usually spiral; a mantle-cavity enclosing a gill; sometimes,

also, like the Prosobranchiata, with an operculum : often, however,

the shell is somewhat aborted, and most of the members of the

group (Nudibranchiata) have completely lost it, and with it

the visceral hump and mantle-cavity ; the viscera have sunk into the

lower portion of the body ; the nephridial and genital apertures, and

frequently the anus also, are situated on the right side above the foot.

In the Nudibranchs, as a rule, the ordinary gill is absent, and is then

generally replaced by special outgrowths of the skin, varying in form.

It is particularly interesting that the nudibranch larva is furnished

with shell and operculum ; both being later thrown off. All Opistho-

branchiata, of which the naked forms usually display gorgeous

colours, are marine, occurring in cold as well as in warm seas.

1. Of shell-bearing Opisthobranchs may be mentioned : the Bubble
{Bulla), with bulging shell, the apex of which lies in a depression ; common in

warmer seas, allied genei-a in Northeni seas. In some allied forms the shell

is suiTOunded by folds of skin ; these fuse with one another, and may com-
pletely enclose the shell, which is then always thin (internal shell) ;

such, for

instance, is the case in the genus Aplynia (Sea-hare), which inhabits the Medi-
terranean and other wann seas, and is also met vni]\ on the gouth cotvst of

J}ngland,
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2. Among the N u d i b r a n c h i a t a , the D o r i d i d a) (genus, Boris, etc.)

ai-e peculiar in that the anus is situated posteriorly on the dorsal sm-face, and
suiTounded by a circle of plumose gills. The
jE 0 1 i d a) (genus, JEoUs, etc.) have imbranched
gills dorsally ; a process extends into each from
the liver, which is much branched and not shai-ply

marked oif from the gut. Many Nudibranchs are

w^ithout gills {e.ij., Elysia, lAmapontia), and often

have a striking superficial resemblance to the

Flatvi^orms. All the fonns mentioned are met with

in Northern seas.

To the Opisthobrancliiata belong two aben-ant

groups of pelagic animals, which have usually, but

not quite con-ectly, heen placed together under the

name, Pteropoda. The first of these divisions,

the Thecosomata (Eupteropoda), is distinguished

among other things by the breadth of the anterior

muscular portion of the foot, which forms a pau'

of fin-like locomotor organs ; the posterior region

(f, Fig. 249) is covered on its under sm-face with long close-set ciUa,

by which microscopic organisms are driven into the mouth. The mouth lies

anteriorly between the fins, and is siu-roimded by a pair of lip-folds, which

Fig. 249. A Euptero-
pod {Cleodora). w moutli,

/ posterior portion of foot,

V fin, s shell.—Orig.

Fig. 250. Fig. 251.

Fig. 250. One of the Eupteropoda (Cleodora) >vith simple tiibular shell.—After

Souleyet.

Fig. 251. One of the Pterota {Pneumodermon) . In B the arms are furnished w-ith

suckers and two hooked processes are projecting ; in A these are all withdi-a%vn. a anus,

an tentacles, b and b' giUs, /—/' foot, v fin.—After Souleyet.

unite in part, and thus prevent the escape of the animalculse secui-ed by the

cvu-rent of the cilia. The visceral mass is well developed, and enclosed in a shell,

which, in some forms, is spirally twisted (and then an operculum is u.'^ually

present), but in the majority, is straight, or slightly curved and symmetrical.
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The Bupteropoda are among the most abundant and most charactei-istic pelagic

animals
;
they are blind, and are specially frequent towards evening on the sm-face-

waters, both in warm and cold seas. The other group assigned to the Pteropoda,

the Gymnosomata (Pterota), have no shell
;
they have a small, often almost rudi-

mentary, foot ; and move by means of two special fin-like muscular appendages,

which are situated anteriorly, close to the foot, but do not represent any portion

of it. Various organs of prehension, " arms " with suckers, etc., may extend

from the mouth of these animals, (Pig. 251 B) ; the Pterota are most predaceous,

and attack in particular the defenceless Eupteropoda, whose distribution corre-

sponds -with their o-wn. Clione Umacina, a well-known species, occm-ring abun-

dantly on the coast of Greenland, and attaining a length of as much as 4 c/m.,

feeds upon a Eupteropod with a spiral shell, Limacina helicina.

Order 3. Pulmonata.

In tbe Pulmonata, just as in tlie Opisthobranchiata, some forms

—

the majority, indeed—carry shells, and possess a well-developed visceral

hump, whilst others are naked, and have no such hump, the viscera

being sunk into the lower portion of the body. The two groups

differ, however, in that in the Pulmonata, even if the shell and visceral

sac be absent, the mantle-cavity is still present on the upper surface

of the animal as a pouch, covered by a shield-shaped mantle ; the

inner side of the mantle in the naked, as well as in the shell-bearing,

forms, is provided with a rich vascular network. The opening which

leads into the mantle-chamber is not, as in other Gastropoda, a broad

slit, but is merely a pore on the right side ; the shell never has a

syphonal notch, and an operculum is wanting. Between the shell-

bearing and the naked Pulmonata there is a complete series of

intermediate forms ; in some, the shell is not large enough to contain

the whole animal, unless the air be dry, for the molluscan body
increases in size in damp air ; there are others possessing a regularly

formed shell, which is, however, so small, that it only covers the

reduced visceral hump, whilst the rest of the animal can never be
withdrawn into it; or the visceral sac has completely disappeared,

and the small plate-like shell covers the mantle only
;
again, the shell

is a small thia plate which lies beneath the mantle or it may be
only reprt^sented by isolated calcareous granules, which lie attached to

the mantle (the latter is the case, for instance, in the Great Black-
slug)

; or it is entirely absent. The Pulmonata live on land and in

fresh water, and feed chiefly upon vegetable substances. As already
mentioned, they breathe nir; some Fresh-water Snails {Limnoius),
however, possess, especially in youth, the power of taking water into
the mantle-chamber, and obtaining the dissolved oxygen from it,

* In one form (Parmacella), the young animal possesses a small external shell,
which, later, becomes covered by the mantle, so that the older animal possesses an
"mternal" shell. In other forms, an "internal" shell occurs in youth, and is
dependent upon similar occurrences in embryological stages ; the sac in which the
shell lies, is an invagination of the skin.
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1. The terrestrial P u 1 in o n a t a (8i'i/Zo7rtma<op//y/m) are cha-racterised

by the iDOsitiou of the eyes, which are at the tips of eye-stalks, exactly similar

to the tentacles, and like these, capable of invagination into the head. To this

group belong Iwth shell-bearing and naked forms. Among the fonner may be
mentioned the genus liTeZia;, to which the small Garden Snail (H. hortensia),

and the large Edible Snail {H. pomatia) belong; among the latter are the

Great Black-slug (Avion ater), and the smaller, destructive, gi-ey, Common Slug
{Limax agrestis).

2. The freshwater Pulmonata (Basommatophora) have sessile eyes,

situated at the base of the tentacles, which cannot be invaginated. To this

group belong the numerous species of the Pond Snail (Limnams), with pointed

shell, and of Planorbis, vnth. discoid shell ; both genera are common everywhere

in fresh water, and are represented by large and small species : some of the

Limnaeidaj lead an amphibious life, being met with on land as well as in water.

Class 3. Acephala {Lawellibranchs).

The body of the Lamellibranchs, unlike that of the Gastropoda,

is usually bilaterally symmetrical, except as regards the

coils of the alimentary canal. The anus is posterior, the genital

and nephridial apertures, etc., are symmetrically disposed. The

following is a general account of the structure of a Lamellibranch :

the body proper is rather small in comparison with the whole

size of the animal ; the mantle-fold is developed on either side

in the form of a large lamina, dependent like a curtain. On each

^ide, also, just below the point of origin of the mantle, two gill

1 a m e 1 1 ae arise and hang down within it. The foot is ventral,

and is usually keel-shaped. There

are four large labial palps in

front of the mouth. A specialised

head is absent. The whole animal

is generally enclosed in a symmetrical,

laterally compressed, bivalve shell.

The foot is, as a rule, not very

well marked off from the trunk ; most

often it is only a compressed longi-

tudinal keel on the ventral surface.

In some forms it is longer and more

projecting (sometimes geniculate) ; in

a few cases it is linguiform (Mussels)

;

in others there is a true pedal disc.

It is the most important locomotor

organ of the Lamellibranchs, and can

be protruded from the shell by being

distended with blood, whilst if the

animal is disturbed, it is withdrawn

from the inner surface of the shell.

Fig. 252. A transverse sec-
tion through a Lamelli-
branch (diagram). h ligament, /
foot, g gill, h heart, hn pericardium,

h mantle, n kidney, s shell, t gut.

—

Orig.

by means of muscles arising

I
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lu a few forms {e.g., the Oyster) it is altogether wanting ; in

others it is rudimentary or small.

Each gill is a lamella, the upper edge of which is attached to

the body; the lower portion, almost half the lamella, is bent round*

and closely apposed to the upper half (just as one half of a folded

sheet of paper lies upon the other) ; in the outer gill the reflexed

portion lies external to, in the inner gill internal to, the upper j)ortion.

The edge of this reflexed portion is, in some cases, free, in oth.ers

it is concrescent with the body close 'to the point of origin of the

gill lamella, either throughout its whole extent or for part of its

length only. The gill lamella consists of delicate filaments extending

dorso-ventrally
;

they are sometimes free, only adhering to one

another by "ciliated junctions" {Mytilus), but are usually firmly

united by interfilamentar junctions, so that the gill lamella shows a

trellis-work. The reflexed portion of the gill lamella is usually

united with the upper portion by similar "ciliated junctions" (Fig.

252). On the surface of the gill lamellae is a thick covering of

cilia, by which the water is kept circulating through the meshes, and
small, solid bodies are conducted towards the mouth by means of

the ciliary currents on the surfaces of the gills.

In some Lamellibranchs (Fig. 253 J.), each gill lamella projects

behind the foot in a free point ; the

two points of the same side have, A B
however, undergone concrescence

along their dorsal edges.t In others

the point has become concrescent at

its hindmost tip, with the posterior

part of the mantle (Mussels). In

others again (Fig. 253 B), the right

and left inner portions of the gills

coalesce behind the foot along

their reflexed edges, and similarly

the outer gills with the mantle ; in

this case, in the posterior region of

the mantle-cavity, an upper portion

of the cavity (suprabranchial) is

separated from the rest, and extends

into the cloaca.

The mantle is divided into

two symmetrical portions, a right

and a left mantle-lobe, which lie external to the gills. Each
lobe is a thin lamina, the edge of which, the pallial muscle.

Fig. 253. Transverse sections thi-ough
the posterior regions of two Lamelli-
branchs after the removal of the shells,

to show the relations of the hinder
ends of the gills. kr body, k
mantle, g inner, g>i outer gill, h supra-
branchial portion of the mantle cavity.—Orig.

* Only in a few Lamellibranchs are the gills not reflexed.

•n''"
^ lamellffi of each side, in all probability, together represent a plumose

giU_ with two series of filaments
; sometimes the two lamellffi originate from a common

X 2
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is, however, somewhat tliiukei", aud provided with transverse muscle

fibres. The upper ends of these fibres are firmly attached to the

so-called pallial line {si-e below) on the inner side of the shell, and

by their contraction withdraw the margin of the mantle within its

edge : along the free edge occur numerous tactile tentacles. The

edges of the two mantle lobes are perfectly free from each other

;

in a few forms only (e.g., the Oysters), as a rule, they are partially

concrescent, so that the large opening between them is divided

into two or several divisions. In the simplest cases {e.g., in the

Mussels), only the most posterior portion is separated from the rest,

the edges of the mantle being connected for a short distance ; in

such there is a small pos-

terior opening, the cloacal

aperture, through which

water and excreta escape

from the mantle-cavity,

and a very large open-

ing through which water

streams in, and the foot

can be protruded. In

others (Fig. 254) the large

opening just mentioned is

divided into an anterior

large aperture for the foot,

and a posterior smaller pore

for the inhalent current of

water, the mantle-lobes having concresced for a longer or shorter

distance;^ thus the originally single slit is divided into three:

posteriorly the cloa-

Fig. 2.54. ALamellibranch removed from the

shell, seen from the left side, a and b points of

concrescence along the edge of the mantle, r left,

r 1 right edge of mantle, / foot, m and ends of the

adductors.—Orig.

Fig 255 A Lamellibranch {Tapes decussatus) with

partially separated syphons. The arrows intiicate the

direction of the streams of water, n foot.

cal aperture, below

this the inhalent
aperture, through

which the water

streams in, and an-

terior to, aud below,

this, the pedal ori-

fice, through which

the foot may be pro-

truded, the last being

much larger than the

other two. The cloacal

and inhalent apertures

are often drawn out

into two tubes, the

cloacal and r e s -

* The edges of the mantle may lie closely apposed in these regions without

undergoing concrescence.
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piratory syphons, whicli can be protruded from the shell, and

may attain a considerable length
;

usually they are connected

together, and then appear externally like a single tube (sometimes

forked at one end), but this is divided internally into two by a

septum; they are rarely separated externally. In the forms

with these syphons the edges of the mantle have often undergone

concrescence over so large an extent that the pedal opening is

considerably decreased.

The shell lies external to the mantle, but closely upon it. It

is divided into two halves, connected above by a flexible band, the

ligament, which will be further described below. The two halves

of the shell are, as a rule, essentially similar; they are more or

Fig. 256.—Eig-ht shell valves of two different Lamellibraiichs, seen from within.
A with simple, B with incurved paUial line, 6 ligament, I pallial Une, m impressions of
adductor muscles, w umbo, s hinge.—Orig.

less convex, and usually exhibit a projecting hump dorsally, the
so-called umbo (the oldest portion of the shell), which generally lies

nearer to the anterior than the posterior end. The upper edge of each
valve usually possesses a tooth or ledge, which fits in between
con-esponding portions of the other half, forming a hinge (c a r d o)

;

m not a few this is absent, or only feebly developed. When the
shell is closed the edges of the valves fit closely together, so that the
soft parts of the animal are completely shut in : occasionally, however,
the shell is cleft in one or more places, posteriorly ; for instance, in
those which are provided with large syphons, and anteriorly in those
whicli are attached by means of a byssus (p. 311). The closure of the
shell is effected by adductor muscles, usually two in number,
which run transversely across the aninuil, one in the anterior, the
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other in the posterior, region, and are attached to the interior
of the shell

; occasionally one such muscle only is present {e.g., in the
Oyster). The attachment of an adductor to the shell is indicated by a
sharply defined area, a muscular impression, of which there
are two on the inner side of each valve. Besides these, there are
frequently smaller impressions, which correspond with the attach-
ments of the pedal muscles; further, the so-called pallia I line,
from which the muscle-fibres of the pallial muscle arise ; iu those
Lamellibranchs which have no syphons, it runs parallel to the edge of
the shell some distance from it (integripalliate) ; in those which have
syphons it usually traces out a notch, extending from behind forwards
(siuupalliate) (Fig. 256, B) ; and along this the muscles of the
syphons arise, being specially developed portions of the pallial muscle;
since these muscles arise more anteriorly, the syphons can be with-
drawn into the shell. Three layers may be usually distinguished in

the shell: an outer horny layer in some {e.g., Mussels), very
definite; in others, indistinct; and two layers consisting principally
of calcium carbonate, which make up the chief part of the shell;

of these, the inner layer is sometimes iridescent (mother of
pearl)

.

The flexible band which holds the two valves of the shell together,

the so-called ligament, consists of an outer, flexible, but inelastic

layer (an extension of the outer layer of the shell), and an inner,

elastic portion of radially arranged fibres. In many forms, this

ligament has a large, very convex surface, exteriorly; and is termed
an external ligament: in others, it is enclosed between the

upper edges, displaying a very small portion externally, whilst it is

convex inwardly, and is then termed an internal ligament.
Its action is essentially the same in the two cases (c/.. Fig. 257). If

a shell, furnished with an internal ligament, is closed by the

contraction of the adductor muscles, the inner elastic portion of the

ligament is compressed, and when the muscles relax, the valves of the

shell are once more driven apart. In the shells provided with an

external ligament, the elastic substance of the ligament undergoes

a compression, or arching together, within the outer inelastic sheath,

and on the relaxation of the muscles, the effect is the same as in shells

with internal ligaments. "'^ The action of the ligament is purely

mechanical, and occurs after the death of the animal just as in life.

It must also be mentioned that its position is either directly below the

umbo, or more usually, posterior to it. Only in very incompletely

developed shells {e.g., Teredo) is the ligament altogether wanting, and

the shell-valves completely separate.

* The usual statement, that a stretching of the external ligament must occur on

closure of the sheU, is incorrect.
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Tlie sliell increases in s i z e by tlie addition at its mars^in of new

material, secreted by epithelial cells at the edge of the mantle
;

it

increases also in thickness, since the outer surface of the mantle,

A' B

Fig 257. Diagrammatic transverse sections through the shell of Lamellibranchs with

internal {A, A') and external ligaments (B, B'). In A and B the shell is drawn
open, in A' and B' shut, h elastic portion of the ligament, V outer inelastic portion of the

same ; m adductor.—Orig.

and, in the upper region, the surface of the body, continually deposit

new layers within it.

The shells of some LameUibranchs differ from the usual type in being very

asymmetrical: in the Oyster and some Scallops, for instance, only one valve

is convex, the other being flat. A lesser asymmetry, quite insignificant in most
instances, occm-s in many others, {e.g., the hinge-teeth of the two valves fit in

between one another ; at those places where a tooth is present in the one valve,

there must be a depression in the other). Other fonns are chai-acterised by the

fact that the shell covers only a small portion of the body {Teredo, and others).

Pearls are calcareous deposits from the outer side of the mantle round foreign

bodies, which have got by accident between the mantle and the shell
;
they are

either firmly attached to the inner side of the shell, or else lie quite freely
;
they

occm- in various forms. Some species, with elongate bodies and imperfect shells,

either bmld a tube of small foreign bodies welded together, or (more frequently)

secrete a calcareous tube, with which the small valves of the shell are sometimes
imited.

In connection with the skin, the formation of b y s s u s threads,

which occurs in one group, must be specially noticed. These threads
are horny fibres, which are secreted by the epidermal cells in a
depression of the foot, and in a groove connected with it. They
constitute organs of attachment in some species [e.g., in the Mussels),
one end remaining in connection with the animal, whilst the other
is firmly fixed to some foreign body. Others bind small stones
together by means of the byssus threads, and thus form a kind of

nest, in which they take up their abode.

In many Lamellibranchs, where no byssus is fonned, a radimentary byssus
gland may nevertheless be present. Some forms possess this thread only in the
larval stage, losing it when adult.
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The pleural o-aiiglion in Lamellibrauchs is almost alwavs
fused with the cerebral gaagliou, and the connective between the
pleural and pedal ganglia is fused with that between the cerebral
and pedal, so that to all appearance the pleural ganglion and its cord
are absent (Fig. 237 D). In some forms, however, the two are
independent; the cord only partially so; which gives conditions
closely approaching to those of the Gastropoda. Eyes are only
present occasionally, and then are always situated, often in large
numbers, along the edge of the mantle ; in the siphonate forms, at
the tips of the syphons. For example, in the Scallops {Pecten)
there is along the edge of the mantle a series of eyes of somewhat
complex structure. An olfactory organ, a specially modified
portion of the epidermis supplied with nerves, corresponding with
that of the Gastropoda, is present in many, near the anus.

The mouth is a transverse slit at the anterior end of the body,
below the anterior adductor muscle. It is bounded above and below
by an upper and lower Hp respectively, each of which is drawn out on
both sides into a usually well-developed labial palp. The labial

palps are covered with numerous cilia ; these serve to drive into the

mouth the small particles, microscopic plants and animals, which are

present in the water taken into the mantle-cavity. R a d u 1 a and
jaws are absent. A short oesophagus leads from the mouth into a

stomach, which is often provided with a c £6 c u m ; in the latter

is contained the so-called crystalline stylet, a gelatinous,

transparent body which is secreted by the epithelium of the caecum,

developing- when food is plentiful (in the summer), and redissolving

during scarcity (in winter) ; it probably i-epreseuts a reserve of

nourishment, and is present in almost all Lamellibrauchs.* A
well-developed liver surrounds the stomach, and opens into it by

several apertures. The intestine is coiled several times; its posterior

portion runs along the dorsal side of the animal, and finally passes

dorsal to the posterior adductor muscle to open at the hind end of

the body. The ventricle is situated on the dorsal side of the

animal above the rectum ; it generally divides into two branches which

surround the gut and unite below it, so that it is ring-shaped,

''perforated by the rectum.''^ There are two auricles, one on each

side, which receive the blood from the gills and carry it to the

ventricle. The vascular system is imperfect ; in the gills thei'e is,

however, a rich network of capillaries. The kidneys are a pair of

sac-like organs which are often more or less intimately connected

with each other (the organs of Bojanus) ; each opens by an aperture

situated laterally below the origin of the inner gills; and also into

the pericardium. Most of the Lamellibrauchs are of separate
sexes, a few {e.y., the Oyster) are hermaphrodite. Ovary ami

* A crystallino style is also present in some Gastropoda.
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testis are present as paired branched organs ramifying between the

other viscera, in the foot, or {e.g., in the Mussel) in the mantle;

they opeu on either side close to the nepbridial aperture, or the

Fig. 258. Diagrammatic longitudinal section of a Lamellibranch. a
anus, br gill, c cerebro-pleural ganglion, e rectum, / foot, fy pedal ganglion, (j generative

gland, g' genital aperture, h ventricle, i visceral ganglion, k cascuni containing the crystalline

stylet, I liver, m anterior, m' posterior adductor, ma stomach, n kidney, n' external renal

aperture, o mouth, p mantle, pd pericardial gland, pe pericardium, v auricle.—Adapted
from Rankin.

duct unites with that of the kidne^

aperture is present on each side.'

develop in the space between the

female.

Marine Lamellibranchs undergo

a metamorphosis similar to

that of the marine Gastropods

;

the newly-hatched larva moves by
means of a velum; eyes are

frequently present anteriorly, but

disappear later. Such a free-swim-

ming larva does not occur iu most
fresh-water i^oi-ms, and a velum is

not developed or is only transitorily

present in the embryo.

All Lamellibranchs are aquatic,

the majority marine. They

, so that a common urino-genital

Sometimes the fertilised eggs

lamellae of the outer gills of the

Fig. 259. Larvae of a Cockle
{Cardiv.m) ; in the older a small shell s

is developed, v velum.—After Lovcu.

* In some the reproductive organ opens into the kidney itself, in certain cases even
close to the reno-pericardial aperture.
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feed upon small orgfinisms, DiatoiTiSj etc., which are contained in the
inhaled water. They can crawl slowly along by means of the foot,

which they press upon or into the ground ; some can take leaps by
its means. In exceptional cases they can move rapidly through
the water by quickly opening and shutting the shell. Some
are able to work themselves into the soft sandy, or muddy ground
by means of the foot, so that the cloacal and inhalent apertures alone

project, and many pass most of their lives buried in this way ; the
formation of shorter or longer syphons is in correlation with this.

Some even have the power of boring into hard substances, wood,
limestone, etc., grinding the material away with the foot in which
tiny silicious bodies (?) are embedded. Some forms have the shell

firmly attached to the surroundings by means of a calcareous

secretion, and have, of course, lost the power of locomotion. As
has been mentioned above, such an attachment may be also

effected by the byssus thread ; the animals so attached remain for a

long time in the same place, but may leave it by throwing off the

byssus ; the Dreissena mentioned below is, for example, attached

during summer to foreign bodies just below the surface of the water,

in the autumn the byssus is discarded and the animal retreats to

the bottom.

As examples the following may be mentioned :

1. The Oyster (Ostrea eduUs) -possesses onlj one adductor ; tlie ligament

is internal ; tlie foot absent ; the right valve flat, the left convex and adherent to

varioiTS foreign bodies : on English coasts. Related to the Oysters are the

Scallops (Pecten) with a radially ribbed shell, of which the anterior and
posterior halves are similar. In several species the left valve is flat, the right

convex ; in others both are alike convex ; internal ligament
;

eyes at the edge

of the mantle ; one adductor ; small foot : species in the Noi-th Sea, Enghsh
Channel, etc.

2. The Mussel (Mytilm edulis), characterised by the position of the

umbo at the anterior end of the rather thin shell ; and possessing a long uitemal

ligament and a powerful byssus, by means of which the animal attaches itself to

stones, etc. : very abimdant on British coasts ; if it lives in stagnant water

(harboui-s) a poisonous substance is secreted by the liver. TLe aUied, some-

what smaller Dreissensia polymorpha, inhabits fresh water
;
originally a native of

South-East Em-ope, it has spread dm-ing the present centuiy over the whole

continent. Another allied form is the almost cylindi-ical, elongate Lithodomus

lithophagus, which bores into limestone ; a Mediterranean fonn.

rig. 260. Mya arenaria. f foot, i cloacal opening, u respiratory opening.—After

Meyer and Miibius.
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3 The Freshwater Mussels {Anodonta) are large, egg-shaped,

thin-shelled LameUibranchs, aUindant in freshwater. The numerous eggs

hatch in the outer gills of the female, and the laiTa3

escape by the cloacal apei-ture. These larviB are provided

with long, sticky thi-eads, which float in the water and

adhere easily to passing Fish; when this occm-s the young

Mussel attaches itself firmly to the Fish by means of the

teeth present on the lower edge of each valve of the shell

;

it is then covered by a growth of the skin, and for a time

leads a parasitic life upon the Fish, which it forsakes

again later. The River Mussel (Unio) and the River
Pearl Mussel {Margaritana margaritifera), which are com-

mon in England, are allied forms. The latter manufactures

some of the pearls of commerce. The ti-ue Pearl Mussel
{Meleagrina margaritifera), which forms the best pearls, belongs

to another family of LameUibranchs; it is found in the Indian

and Pacific oceans.

4. The Gaper {Mya arenaria) is distinguished Ity the

possession of a very long syphon (formed, of course, by the

fusion of two tubes), and by the way the shells gape open

behind ; the edges of the mantle are concrescent to a large

extent. It occui-s on the beach on the coast of Britain, bui-ied

more than a foot deep.

5. The Ship-worm {Teredo navalis) is a venniform,

elongate Lamellibranch, in which the edges of the mantle

have undergone concrescence to a large extent ; and a pair

of vei-y small shell-valves, which are not connected by a

ligament, are present anteriorly ; and two partially separated

syphons posteriorly. It is a marine fonm occmring in wood
(piles or ships), in which it bores long tubes, lined with a

calcareous secretion; the external aperture and the portion of the

tube next this are narrow, and were formed by the animal when
young ; fm-ther in it is wider and cylindi-ical : the animal is

unable to leave the tube, its anterior end is in the innermost
portion of the tube, the syphons at the mouth : common on the

coasts of Em-ope : veiy destractive. In the allied genus, Pholas
(P id dock), which bores into limestone, wood, etc., the body is

shorter, the shell better developed than in Teredo ; it is phos-
phorescent : present in Em-opean seas.

Class 4. Cephalopoda.

The body is externally,, and for the most part,

internally, bilaterally symmetrical. It falls naturally
into two regions, the head and the body. The
head is very well developed; the mouth is anterior;
and in all Dibranchiata {i.e., in all Cephalopoda, except
Nautilus) is surrounded by eight long muscular a rm s ."'^

In some Dibranchiata, i.e., in the Decapoda, there are

Fig. 261.

Teredo navalis,
a shell, h foot,

c mantle, e

syphons.

* In certain of the Cephalopods some, or aU, of the eight arms are connected at their

MaSmSs and BiJds) ^ ^^^^^ ^^^^ swimming
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long,two more
eight. All

furnislied with numerous

so-called "tentacular arms" within the other
(the tentacular ones only towards the tips) are

muscular suckers, ranged along the
inner sides, i.e., towards the
mouth. These suckers are
sessile in the Octopods, usually
stalked in the Decapods; in

the latter (but not in the
Octopods) there is a chitinous
ring at the margin of the
sucker, and it is usually finely

denticulate at its edge. In
certain Decapods some of the
suckers may be metamor-
phosed into hooks by lateral

elongation of the ring. In
the Tetrabranchiata (Nau-
tilus) numerous thin ten-
tacles are arranged in

several circlets round the

mouth, instead of the one
circle of arms. They may be
withdrawn into tentacle-

sheaths which are partially

concrescent, forming hand-
like plates, from the edges

of which the tentacles arise

;

they have no suckers. On
the head there is a pair of

large eyes, which will be

described later.

The body, whose under

surface corresponds with the

posterior side of the visceral

hump of Gastropods, is short

and thick in the Octopods

and Nautilus, more elongate

in the Decapods : in the latter

it is furnished with a pair of

horizontal fins, which arise

laterally and somewhat dor-

sally, and are usually situated

near the posterior end of

the animal. At the junction of the head and body there is a trans-

verse slit ventrally, leading into the spacious mantle-cavity
{see Fig. 268 B), which extends over the whole length and width of

Fig. 262. Diagram of a decapodons
Cop halo pod viewed from below, mantle cut

through down one side and turned over to the

other, o anus in the posterior end of the funnel,

/ fin, g genital aperture, k gill, 171 mantle, n
urinary aperture, t anterior opening of fimnel.

—

Orig.
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the auimal on the ventral surfnce. It is bounded externallj'^ by a

mantle, Avhich. is usually very muscular aud thick, and, in many
cases, prolonged into a low fold behind the head on the upper

surface. From the opening of the mantle-cavity projects the anterior

end of the funnel, a tube open at both ends, and attached dorsally

to the dorsal wall at the boundary of the head ; the funnel is a true

tube in the Dibranchiata only ; in Nautilus it is a plate rolled up
like a paper bag ; it corresponds to the foot of other Mollusca. The
animal takes water iuto the mantle-cavity by the large aperture,

but expels it through the funnel by the contraction of the mantle

and the pressure of its edge upon the body. In the funnel there

is frequently a small tougue-like flap, which is attached posteriorly,

the anterior end being free, so that it acts as a valve, preventing

the entrance of water. The laminate gills lie in the mantle-cavity,

one pair in the Octopods and Decapods, two pairs in Nautilus.

Fig 263
_
Nautilus, the shell sawn through, o eye, t funnel, te tentacle ; s the syphon,a fold of skin which overlaps the shell.—After V. Martens.

In Nautilus the body is enclosed by a shell, which, as in
the Gastropods, is an epidermal secretion. It is spiral, but sym-
metrical

; the convexity corresponds to the ventral side of the animal
{see Pig, 263); the coils touch one another. The shell i.s multi-
locular, being divided by arched transverse septa into nume-
rous chambers, of which the outermost aud largest contains the
body, whilst the others contain air; each septum is perforated by
a hole, throiigh which a thiu tube, the siphuQcle, an extension of th©
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posterior end of the body, runs through the whole length of the shell.*

In some extinct nautiloid forms the shell Avas straight

[Ortlwceras) ; in others slightly curved or rolled into an incom-

plete spiral; in others it formed a perfect spiral, of which the

successive coils did not touch. In the living genus Spirula, one of

the decapodous Cephalopods, there is a spiral multilocular

shell (Fig. 264 A) like that of the Nautilus, but the individual turns

do not touch, and the shell is coiled in the opposite direction, the

convexity corresponding to the dorsal surface
;
only a small portion

of the body is contained in the shell, of which the outer chamber

is small, and the shell itself is completely enclosed by folds of skin

which have wrapped round and coalesced. In certain extinct
decapodous forms there is also a multilocular shell (Fig. 264 B, C),

but this is usually straight and drawn out into a plate-like portion

anteriorly ; in living Decapoda (with the exception of Spirula)

this piece is almost the only part of the shell which persists

;

the posterior spiral, which in extinct forms was concamerated, has

become quite rudimentary or is entirely absent. In these forms the

B C

Fig. 264. Diagi-ammatic figures of various Cephalopod shells viewed from the side.

A Svirula ; B SpiruUrostra (extinct) ; C Belemnites (extinct) ; in B and C the posterior

portion of the sheU is prolonged in a sti'ong spiny process ; D Conoteuthis (extinct) ;

E Ommatostrephes (living), p plate-like portion of the shell.—Orig.

* It is assumed that the septa are formed by the animal's withdrawing from the

outermost as the sheU grows at the mouth, and secreting a new septum in front of the

last formed ; the cord elongates simiiltaneously.
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shell is usually a thin, horny, elongate plate, occasionally it is some-

what thicker, with a calcareous layer below the horn {8epia) ; it is

completely enclosed in a cavity on the dorsal surface, an invagina-
tion of the outer skin. This so-called ''internal shell''

corresponds with the external shell of Nautilus, and like it is an

ejDidermal secretion. In the Octopods the shell is altogether absent.

(For the very aberrant shell of Argonauta, see below, p. 323).

The skin is characterised by its constantly changing colour, due

to the presence of stellate pigment cells which can contract and

expand (chromatophores) . The so-called ink-sac, a peculiar

gland connected with the skin, is usually a pear-shaped bag in

which an inky fluid is secreted; it opens into the mantle-cavity

close behind or even into the anus, and when the animal is in danger

the fluid can be poured through the funnel, rendering the water

black.

The Cephalopoda possess a true, although feebly-developed,

internal skeleton in the form of pieces of cartilage, of

which the cartilaginous capsule in the head, surrounding the central

nervous system, the auditory organs, and in part the eyes, is the

most important. Besides this capsule there are usually several smaller

pieces in various regions of the body.

The nervous system is peculiar in that all the large nerve

masses, cerebral, pedal, pleural, and visceral ganglia, are closely

collected round the oesophagus, and are directly connected by the

shortening of the commissures. The eyes are large, and in many

^
J^^^Sramm&t\G transverse sections through the eyes of various Cephalopoda.

A Nautilus, B, C different Dibranchiates. ep epidermis, h cornea, i iris, I inner, V outer
portion of the lens, n optic nerve, r retina, rf eyelid.—Orig.

forms attain a high development. The simplest occur in Nautilus
(Fig. 265 A), where they are deep, saccular, epidermal invaginations

;

the cavity communicates with the exterior by a small opening (the
eye belongs to the type figured in Fig. 20, 4, but a lens is w a n t i n g)

.

In the other Cephalopoda a closed optic vesicle is developed,
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aud is further provided witli a lens; the inner half of which is

secreted by the epithelium of the optic vesicle; the outer half by the
epidermis. Moreover, at the periphery of the eye, a large fold like

an eyelid is present, forming a cavity round the eye; in some
Decapoda {CEcjo'psidm, Fig. 265 B) this cavity is widely open ; in the

rest {Myo'pddcG) and in the Octopoda (Fig, 265 C) the fold extends

completely round the eye, and the aperture leading into the cavity

is very small ; where the fold lies above the lens it is transparent,

and is termed the cornea. In the cavity thus formed there

is a second small pigmented fold, which displays a certain resem-

blance to the iris of the Vertebrata, and is also designated by
that name. A depression of the skin situated laterally on the head

behind the eyes and supplied by a nerve from the brain, is regarded

as an olfactory organ.
The month is surrounded by a projecting fold of skin, the lip,

within which are two powerful horny jaws, an upper and a lower;

the former bites within the edge of the latter, and the two together

are very similar to a parrot^s beak inverted. In the mouth, which is

furnished with muscular walls, there is a radula like that of the

Gastropoda. The anus lies far forward on the ventral side of the

body in the mantle-chamber, in the median line. A stomach, a large

liver, and usually salivary glands are present. The heart consists

of a ventricle and as many auricles as there are gills, that is.

Fig. 266. Diagram of the heart, etc. of a Cephalopod. h ventricle, / auricle, a, a

arteries, vli branchial heart, vif vein to the gill, vf vein from the gill, g gill.—Orig.

four in Nautilus, two in other Cephalopods. In the Dibranchiata

the large veins which carry the blood to the gills are known as

branchial hearts; they are enlarged at the entrance of the gills

and contractile. The kidneys, two pairs in Nautilus, one pair in

the Dibranchiata, are saccular organs opening into the pallial chamber

by paii-ed apertures. In some of the Dibranchiata the two are

partially fused, but each has its own opening. The kidneys exhibit

racemose evaginations of the large adjoining veins which have

pushed the closely attached wall of the kidney into its cavity; these

evaginations appear to hang freely into the cavity.
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The reproductive organs are similarly arranged in tlie

male and female, tlie Cephalopoda being bisexual. There is a pair of

ovaries or testes; neither is directly connected with the duct,

but each is enclosed in a thin-walled sac, from which this arises. In

some forms two symmetrical oviducts are present, and these open

one on either side behind the anus into the pallial chamber ; in others,

one, usually the right, duct is wanting. The nidamental glands
open close to the genital aperture in many female Cephalopods ; their

secretion is used in the formation of the egg capsules. In some
there are paired vasa deferentia, but usually one, the left, alone is

present. The spermatozoa ai^e bound into elongate, almost filiform,

spermatophores, which are formed in a gland connected with

the vas deferens.

Specially worthy of note is the manner in which the spermato-

phores of the Dibranchiata are transferred to the female; this is

effected by one arm of the male, which is peculiarly modified,

h e c 1 0 CO t y 1 i s e d,'' for this purpose. In the Decapoda, it is

usually an arm of the fourth pair (occasionally of the first) ; in the
Octopoda, one of the third pair, rarely both. The form of this arm
varies; it may be spatulate at the tip, and provided with a wide
ridge along the edge (Octopods), or the suckers may be absent or
modified in the middle or at the base (Decapods). The modification

is greatest in some of the Octopods {e.g., in the Argonauta to be
mentioned below), where the arm is used exclusively for copulation

;

it is enclosed in a sac until needed, and in coitus is thrown off

and remains, filled with spermatozoa, within the pallial chamber of
the female. Here it may continue motile for some time, which led
to Its being regarded as a peculiar parasite, described under the
name of Hedocotylus

; later, it was considered by some observers
to be a much modified male, and finally its 'true nature was
discovered. In the males of Nautilus there is, on the left side a

Y
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small gruup of metamorphosed tentacles, which are possibly of service

in copulation.

The eggs are either heaped together in masses of mucus or

are enclosed in firm capsules. They are of relatively large size
;

segmentation is partial, and the embryo often possesses, for a time,

a large yolk sac, depending between the arms. There is no

metamorphosis, the newly-hatched form resembling the adult.

The Cephalopoda, which are all marine, are for the most part,

predaceous, seizing their prey {e.g., Crustacea) with their arms ; the

latter are also used for crawling, especially in the Octopods.

They may swim by the movement of the fin backwards and

forwards ; a hurried flight backwards, usually accompanied by a

discharge of ink, may be effected by the ejection of the water from

the pallial chamber through the funnel. The Decapods are the best

swimmers, whilst the Octopods usually crawl better. Many
Cephalopods (especially the Decapods, but some Octopods too)

often occur in shoals in the open sea; others a'e more littoral.

They are mostly found in warm seas.

A B

It is conceivable that the cephalopod type was derived from a chiton-like

form by enormous development in the height of the doi-sal siii-face, by the

deepening of the mantle fmTOw on the posterior side of this upgi-owth, by the

gi-eat development of the head, and the reduction of the foot.

Order 1. Tetrabranchiata.

There are numerous arms (tentacles) without suckers. The funnel

is a plate rolled upon itself. The eyes have no lens. There are four

gills (four auricles, four kidneys) ; no ink sac ; an external shell.
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Tlie Tetrabranchiata are at the present day only represented by the genus

Nautilus, of which there ai-e two species in the Indian and the Pacific Oceans

;

they may crawl upon the ground or swim at the surface. In former times (even

as early as the Siliu-ian) this division was very numerous, partly represented by

forms with straight or ctu-ved shells (c/., p. 318).

The Ammonites are a large gi-oup of extinct animals, in which the shell

is multilocular like that of the Nautilus, with perforated septa, spiral or straight,

ciu-ved, etc., but differing from it in that the perforations lie close to the convex

side, whilst, in Nautilus, they are usually median ; and also in that the septa are

strongly sinuous at the fusion with the shell : many were possessed of an

operculum (aptychus). The Ammonites first occur in the Silm-ian formations,

and die out in the Cretaceous. Their systematic position is quite uncei-tain;

they are mentioned here on account of the resemblance the shell bears to that of

Nautilus, but it cannot be affirmed that they are allied to it.

Order 2. Dibranchiata.

There are eight or ten arms with suckers. The funnel is tubular

;

the eyes have a lens. There are two gills (two auricles, two kidneys);

an ink sac ; an internal shell, or, none.

1. Decapods (Becapoda). Ten arms, suckers stalked, and with chitinous

rings ; shell present, body elongate and with fins. To this group belong, for

example : Sepia officinalis, which occiu-s abundantly in Etu'opean seas, and whose
thick shell, formed of fine calcareovis laminae (os sepias of the chemist) is

tm-ned to various technical uses. Here too, belongs the Sea-clerk {Loligo

vulgaris), occuiTing in the same places, and possessed of a thinner horny shell.

Fm-ther, the gigantic Architeuthus, a pelagic animal several metres long, but not
otherwise differing from the common decapod type. The so-called "thunder-

bolts," which are especially abundant in the Cretaceous strata, and which, on
account of the displacements, consequent on the Glacial Period, occiu- also in the

glacial deposits of North Em-ope, are the posterior tongue-shaped ends of the

shells of certain extinct Cephalopods (Belemnites).

2. Octopods (Octopoda). Eight arms, suckers sessile and without horny
rings, no shell ; thick body without fins. Here belongs, for example. Octopus
vulgaris, a large animal with long arms, small round body ; abundant in the
MediteiTanean. Also Argonauta argo, the females of which are characterised by
the compression of the first pair of arms, and their extension posteriorly, to
foi-m two lamellae, reaching round the body ; these secrete, on the inner side, a
thin, cap-Hke calcareous shell, to protect the body, and to contain the eggs. It
is at no point closely adherent to the upper siu-face of the animal. The male
possesses a hectocotylus, but the first pair of arms is normal in structure, and it

has no shell. Argonauta is a pelagic animal.
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G-eneral review. The Vertebrata are bilaterally symmetrical.

There is a dorsal central nervous system, of which the

anterior end is usually enlarged to form the brain, whilst the rest

forms an elongate spinal cord. Below the nervous system lies

another cord, the no to chord or chorda dorsa lis ; skeletal struc-

tures are usually developed round tbese two. Below the notochord is

the alimentary canal, the mouth is anterior, the anus ventral, usually

some little distance from tbe posterior end. The heart lies anteriorly

below the digestive tract. There is a pair of kidneys and a pair

of gonads; the ducts of both, these open near the anus, or into tbe

posterior portion of the gut. Alimentary canal, heart, etc., lie

in a spacious body-cavity. Optic, auditory and olfactory
organs, are present anteriorly. The body is naturally divisible

into the following regions: (1) tbe head, with, the brain, sense-

organs, and mouth; (2) the trunk, extending from the head to

the anus, and enclosing the body-cavity with its contained organs, and

usually furnished with two pairs of appendages, the limbs ; these last,

especially in the higher Vertebrata, play an important part in

locomotion; (3) the tail, the muscular termination of the body,

forming a powerful locomotor organ in the Pisces, but usually of

subordinate importance in the higher Vertebrata. In the higher forms,

from Eeptilia upwards, the anterior portion of the trunk forms a n e c k;

that is, the body-cavity is drawn away from the anterior end of the

trunk ; and organs {e.g., the heart) which in other forms occur there,

have also moved back, so that this portion is practically without viscera,

and forms a muscular stalk-like connection between head and trunk,

which is of the greatest importance in connection with the free

movement of the head.

The epidermis consists, in Amiihioxus, of a simple epithelium

of cylindrical cells ; in other Vertebrata there is a stratified squamous

epithehum of varying thickness. In Pisces all the epidermal cells
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are soft and protoplasmic, but iu all otlier groups the outer portion

of the epidermis consists of cornified cells^ so that an outer

stratum corneum, and an inner stratum niucosum {Rete

Malpiyhii) , iu which the cells are protoplasmic, may be dis-

tinguished. In the Amphibia the stratum corneum is only one

or two cells thick, in the higher Vertebrata thicker ; in various

regions of the body it is developed in different ways, and in certain

parts may attain a very considerable thickness and great hardness.

The claws, for instance, of Eeptiles, Birds, and Mammals, are

thickened portions of the stratum corneum which surround the last

joint of the digit. Ecdysis in the Vertebrata consists in a

throwing off of the stratum corneum, either in one piece (Amphibia,

some Reptilia), or bit by bit. Below the epidermis is a layer of

connective tissue, the dermis, which varies in thickness and
firmness, and is connected with the subjacent parts by the loose

subcutaneous connective tissue; in the dermis there are

numerous smooth muscle cells or transversely striped muscle fibres,

aud below, but still connected with it, there are, especially in the

higher Vertebrata, the continuous laminate cutaneou^s muscles con-

sisting of transverse muscle fibres. In the cells of both epidermis

and dermis there is frequently a deposit of pigment. Glands
of many kinds belong to the skin. In the Fish, between the outermost

cells of the epidermis, there are beaker-shaped cells which
secrete mucus ; true glands are not generally present, although

in other Vertebrata they attain a great development, sunk into,

or below, the dermis and opening through the epidermis. In
members of all the classes of Vertebrata, with the exception of the

Lancelet
(
Amphioxus), ossifications are present in the dermis

forming plates of varying thickness (scales of Pisces, etc.). Sometimes
these plates attain a .considerable size, and may be united to form
an exoskeleton which surrounds some portion of the body
(some Fish, Tortoises, a few Mammals), and are often intimately

connected with the endoskeleton, especially in the head region.

The endoskeleton is, at very early stages of development,
represented only by the notochord, a cord or rod of cellular

connective tissue, lying below the central nervous system. In
Amphioxus the adult skeleton consists almost exclusively of the
notochord (Fig. 293, p. 355), but in all other Vertebrates, other
skeletogenous structures develop

;
largely around, and in connection

with, the chorda. They surpass the notochord in size, and it is, in
fact, almost obliterated by the newly-developed skeleton. The latter
consists partly of cartilage, partly of bone; even when the adult
skeleton is principally bone, it usually consists at first of cartilage,
which is gradually absorbed and replaced by bone, i.e., it ossifies:
or it is covered by bony plates, membrane-bones, beneath
which it may persist : or it may disappear altogether.
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The axial skeleton, i.e., the endo-Pkeleton of the body with
the exclusion of that of the limbs, will now be considered. in some
Fishes a continuous cartilaginous sheath arises round the
chorda in the trunk and tail regions ; this tube is closed above by a
series of short tectiform pieces, or a r c h e s, which surround the spinal
cord. In most Vertebrata the cartilaginous sheath is, however, divided
into a number of pieces, usually one for each arch, aud these together
surround the notochord. These pieces, which are termed centra,
differ considerably in form aud structiii-e; sometimes the enclosed
notochord persists to a great extent, in other cases it is very de-
generate or vanishes almost completely. A centrum, together with its

arch, is termed a vertebra; arch and centrum are usually firmly

united and consist of cartilage or bone. In the
region of the tail numerous inferior arches
are attached to the centra, they resemble the

superior arches, and enclose the large caudal

vessel. From the vertebrae, various processes

arise
;

above, from each arch, a neural spine

;

laterally, transverse processes, articular processes

with articular facets, which lie upon those of

succeeding vertebra, and soon ribs are attached

to most of the trunk vertebrte, excepting the

anterior and posterior ones, one pair to each
vertebra. They are cartilaginous or bony rods

which serve as a support to the body-wall ; in the

higher Vertebrata they are partly connected below
by a sternum, an unpaired, usually partially

or completely ossified cartilage, situated in the

body-wall ; it is absent from Fish, and though

present in Amphibia, is not connected with the

ribs. In higher Vertebrata (Reptilia, Aves,

Mammalia, and to some extent even in the Amphibia), the series of

trunk vertebra3 may be divided into several regions : 1 . cervical
vertebrae, with or without small ribs ; 2. thoracic vertebra?,
with well-developed ribs ; 3. lumbar v e r t e b r i»

,
succeeding the

thoracics, with no ribs; 4. sacral vertebra), to which the

pelvis is attached. These regions cannot be distinguished in Pisces,

where the trunk vertebrge are usually all similar.

1*
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Fig. 269. Dia-

gram of a verte-
bra and the parts

connected with it.

ch notochord, ?i cen-

trum, h neural arch,

i neural spine, m
spinal cord, ?• rib,

6r sternum.—Orig.

The primitive cephalic skeleton is a

cranium, enclosing the brain, protecting

olfactory organs, whilst the auditory apparatus

walls. Its ventral wall is continuous with

surrounds the anterior end of the notochord

structure in the adult. In the embryo the

strong capsule, the

also the optic and

is imbedded in its

the vertebra;, and

—a very degenerate

cranium is entirel}'

cartilaginous, and this is occasionally the case in the adult also,

though a certain amount of fibrous tissue is present, filling in the



Vertebrata. 327

gaps in the cartilage; but during the development of some forms,

the cartilage is partially or entirely replaced by bone. The bone

here, as in other regions, occupies the exact position of the

cartilage ; the latter is gradually absorbed, btaie developing simul-

taneously in its place. For the most part, however, the bones of

the skull develop in the form of plates, membrane bones, which

arise in the neighboviring tissue, and lie external to the chondro-

crauium, partly covering the gaps mentioned above, partly covering

the cartilage itself. This may persist to a greater or less extent

below the membrane bones {e.g., in many Teleostei), or it may

entirely disappear. The adult skull is, therefore, made up partly of

bones, preformed in cartilage (of which a small amount remains to

connect the separate pieces), and partly of membrane bones (joined

together by connective tissue) ; the separate bones are often partly or

entirely fused in the adult. On either side of the skull are attached a

number of visceral arches (Fig. 301^, p. 364), which, like the

skull, are originally cartilaginous
;
they are curved bars lying in the

wall of the mouth; ventrally, the corresponding arches of the two sides

either unite directly (the first arch) ; or they are connected by a series

of unpaired cartilaginous or bony pieces, or by a single one {copuJcH

or basi-branchials) . The first visceral arch, the mandibular arch,
is stronger than the succeeding ones and is divided into upper and

lower portions, the pal ato-quadrate and the mandibular
or MeckePs cartilage. The next, the hyoid, is usually also

well developed. The rest are termed gill arches; in Fish and

Amphibia there are usually four, five, or more, though generally

at most, one or two. In most Vertebrata the visceral arches, like

other parts of the skeleton, become, in the course of development,

partially or completely replaced, or covered by bone; the palato-

quadrate by the palatine, pterygoid, and quadrate bones ; MeckeFs
cartilage, by one or more bones, etc. The maxilla and j)remaxilla

are independent of the gill arches
;

they are paired bones, present

in most Vertebrata, and forming the anterior boundary of the mouth

;

they develop in connective tissue, and have no cartilaginous portions.

The fore-limbs are connected with the body by the shoulder
girdle, which consists on either side of a cartilaginous or bony arch,

situated in the anterior region of the body ; sometimes the two arches
are united below, but usually they are separate. If ossified, each arch
may generally be seen to consist of a dorsal shoulder-blade
(scapula), above the point of articulation of the limb, or glenoid cavity,

and a ventral coracoid; in front of the latter there is usually a

special bone, the collar-bone (clavicle). Coracoid and clavicle

are usually attached anteriorly to the sternum when this is present.

The skeleton of the fore-limb itself is laminate in Pisces, consisting

of radially arranged cardlaginous or bony pieces. (For details

see below under Pisces.) In all other Vertebrata the skeleton of the
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foro-linib conforms to one type : articulating with tho shoulder girdle
by Its upper end is a long bone, the humerus; to its lower end

are attached two other long bones, the radius
and ulna, together forming the f o r e - a r m;
at the proximinal end of the ulna there is

usually a process, the olecranon, which
projects over the radius. At the lower end
of the fore-arm is the carpus (wrist),
consisting, when completely developed, of
two transverse rows of small cartilages or
bones (carpals), three in the proximal,
radiale, intermedium, ulnare, and

row, one for each meta-
bone or cartilage (or

two) lies between these rows.

To the carpus, which
modifications, there

the distal

small

five m
carpal : a

sometimes

the cent rale,
undergoes many

Fig. 270. Diagi-am of

the skeleton of the f o r e -

limb of a higher Verte-
brate. H humerus, R radius,

JJ ulna, u ulnare, i inter-

medium, r radiale, c centrale,
1—5 carpals ; I—V first

to fifth digits.—Orig.

are
attached five (or fewer, rarely more) series

of cartilaginous or bony pieces, of which

# fy (-) 1-
proximal in each row is termed a

H \\ metacarpal, the others phalanges;
whilst the metacarpals usually lie close

together and are enclosed in a common skin,

the digits are, for the most part, free.

The pelvic girdle, like the shoulder

girdle, is a paired or unpaired cartilaginous

or bony arch, affording an articulation for the

hind limbs. In Fish, it is independent of the

vertebral column ; but in other Vertebrata,

it is almost invariably fused with one or more
vertebrte, the sacrals, on either side. Like

the shoulder girdle, each half is divisible, in all excepting Fish, into

a dorsal portion, above the acetabulum (the point of articulation

of the hind limb), the ilium, and a ventral piece which is, however,

usually divided into anterior and posterior parts, p ubis and ischium;

the latter is usually articulated with the corresponding bone of the

other side. Ilium, ischium, and pubis are always separate bones in

young animals, and are connected by cartilage, of which, indeed,

the whole pelvis originally consists ; later, however, the three bones

more or less completely fuse with one another. The skeleton of

the hind limb corresponds closely Avith that of tho fore limb, in

Fish and other Vertebrata; in the latter, there is a femur (thigh-

bone), corresponding with the humerus ; a shank corresponding

with the forearm, and consisting of a t i b i a and a f i b u 1 a ; a

tarsus (ankle), consisting of two rows of bones (tarsals) ; in

the proximal row, tibiale, intermedium, fibulare; five
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in the distal ; and a c e n t r a 1 e (rarely two) ; live metatarsals

and five toes, each composed of several phalanges.
The bony or cartilaginous pieces are united simply by a

connective tissue sheath which lies between them, or more rarely by

cartilage, in which oase there is but little power

of movement between the parts. If the move-

ment be greater, a joint is usually present

;

that is, the skeletal pieces are separated at their

adjacent ends by a slit-like space (the joint-

cavity), filled with a small amount of fluid, and

are only united by a capsule of connective

tissue surroundiug this cavity. The apposed

surfaces of these skeletal pieces, the articular
surfaces, are smooth and accommodated

to one another, but are very diverse in form
;

they are almost always covered with a thin

layer of cartilage (articular cartilages), a

remnant of that of which the whole bone

primitively consisted. The connective tissue in

the region of the joint is often in part modified

into firmer cords or ligaments, which reach from one bone to the

other. With the exception of the articular surfaces, bones are

everywhere covered by a fibrous connective tissue, the periosteum
cartilage is similarly covered by the perichondrium.

Bones, unless they are nnnsnally thin, do not consist simply of osseotis tissue,

hut have cavities within them containing connective tissue and vessels. The
outer poi-tion usually consists of a firm mass of compact hone, which
is perforated only by small canals (Haversian canals); the inner porfion,

on the contrary, usually consists of spongy or cancellous bone in

which canals and spaces (marrow spaces), preponderate, separated by fine

trabecidse and lamina3. In the middle of long bones, there is frequently an
expanded cavity, filled usually with adipose tissue, the marrow cavity. In
cartilages, too, a smaller number of fine canals are iisually present, containing

connective tissue and blood vessels.

Since the skeleton of Vertebrata is an internal one, the muscu-
lature is principally external, in contrast to Arthropoda, where
it lies within the skeleton. The muscles may be classified as those

of the trunk and those of tjhe limbs. In Amphioxus and Pisces the

body muscles consist chiefly of large continuous masses, disposed on
the sides of the trunk and tail, not closely connected with the

skeleton, and divided by thin sheets of connective tissue into a
number of segments ; besides these, there are smaller muscles for

the movement of the visceral skeleton, the fin rays, etc. The limb

muscles are, as a rule, feebly developed in the Pisces. Similar

arrangements occur, in part, in the Amphibia, whilst in the higher
Vertebrata the musculature both of trunk and limbs is separated
into numerous individual muscles, extending from one bone to

Fig. 271. Longitu-

dinal section of a joint.

A and B the two bones
of the joint, h periosteum,

k capsule, hn articular

cartilages.—AfterGegen-
baiu-.
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another, and closely united to these at their ends; the limb muscles
are usually also very powerful. They consist of striated fibres, bound
together by connective tissue. Usually tlioy terminate in tendons,
which consist of fibrous connective tissue; the tendons are not
infrequently, especially in Mammalia and Aves, of considerable
length. Sometimes they may be ossified to a greater or less extent,
and often small "sesamoid bones" develop in those portions
which pass over a bone, having cartilaginous surfaces towards
the bone; the knee-cap (patella) of Birds and Mammals is a
sesamoid bone.

The c e n t r a 1 n e r V o u s system arises in the Vertebrata
along the dorsal surface of the animal, as a grooved infolding
of the epiblast (Fig. 39, p. 48), which is later cut off from the rest of

the layer, and lies as a tube beloAv the skin. In Amphioxus it remains
in this state throughout life ; in others it is modified anteriorly,

to form a brain, in contradistinction to the rest, the spinal cord.
The lumen of the cord usually persists as a narrow canal (the

central canal) in the spinal cord, in the form of larger cavities (the

ventricles) in the brain. The brain is, from very early stages, divided

by grooves into three regions, of which the first and last are again

sub-divided into two. There are thus five sections : primary

and secondary fore - brain (thalamencephalon, proseu-

Fig. 272. Diagrammatic vertical longitudinal section through a vertebrate braiu.

/cerebrum, me tlialamenceplialon, mi mid-brain, b cerebellum, e medulla, I olfactory lobes,

k epiphysis, tr hypophysis, t pituitary body.—Orig.

c e p h a 1 o n
)

; mid-brain (mesencephalon)
;

primary and

secondary hind-brain (metencephalon, myelencephalon);
they lie one behind the other, and can be distinguished throughout

the whole series of Vertebrata, from Pisces upwards, although in

other respects the structure of the brain, as a whole, and of its

various parts, exhibits great variety. The most anterior section,

the prosencephalon, or cerebrum, which is usually well deve-

loped, and, especially so in higher Vertebrata (Birds and Mammals),

is generally divided into two halves (the cerebral hemispheres) by

a longitudinal fold which dips into it from above and before, and

these hemispheres are prolonged anteriorly into a pair of small

hollow bodies, the olfactory lobes; the wall of the cerebrum

is much thickened both above and below. The thai am-
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e n c e p h a 1 o n is always relatively small ; its wall is only thickened

below and at tlie sides, dorsally it is very thin ; a small process

extends from it to end above in a small body which varies considerably

in form, the pineal gland (epiphysis) : ventrally, the wall is

evaginated to form a funnel-like pit, ihe infun-

d i b u 1 u m, with a peculiar appendage, primitively

ati invagination of the epithelium of the mouth,

the pituitary body (hypophysis). The

thickened lateral portions of the thalamen-

cephalon are termed optic t h a 1 am i. The

cerebrum and the thalamencephalon are separated

by a deep transverse fold dorsally. The mid-

brain has a thickened upper wall divided into

two halves (the optic lobes) by a longi-

tudinal furrow, and in the Mammalia is also

divided by a transverse groove, so that there

are four lobes, hence the name, corpora quad-

rigemina. The cerebellum, which is specially

well developed in Birds and Mammals, has, usually,

a much thickened upper wall, extendiug posteriorly

over the medulla, whose dorsal boundary is, on

the contrary, very thin, whilst in other respects

this portion of the brain is similar to the spinal

cord, into which it is continued posterioi'ly without

any sharp demarcation. The spinal cord
extends through the vertebral column, as an almost

cylindrical rod dwindling to a point posterior^

;

at the two regions where the nerves for the limbs

originate, it is usually somewhat enlarged. Brain

and spinal cord may be seen even with the naked

eye to consist of two substances, the grey
matter and the white matter; the former

consists of very numerous ganglion cells, which

lie embedded in a peculiar kind of connective

tissue (neuroglia), the latter consists of nerve

fibrils.

Often, e.g., iu Mammalia, the primitive relations of the vertebral cohimu and
Bpinal canal have undergone a change, for, owing to the more rapid gi-owth of

the former, the hind end of the spinal canal is left empty. The result of this

again is that the posterior spinal neiTes inn within the canal for some distance

before making their exit.

The brain and spinal cord are sui-rounded by three connective tissue sheaths.

Most externally lies a fibrous, hard covering, the dura mater, wliich invests

the inner surface of the skull closely, whilst in the Mammalia, a speciiil portion
of the periosteum lines the spinal canal ; the dura mater frequently forms
large folds stretching between the different sections of the brain. Next to the
nervous matter lies a very vascular covering, the p i a mater, a,nd between
this and the dura is the thin arachnoid membrane; this last is not

Fig. 273. Hori-

zontal longitudinal

section through the

brain of a Vertebrate.

Diagrammatic. /
cerebiTim, me thala-

mencephalon, mi mid-
brain, b cerebellum,

e medulla, 1, 1 the

cavities of the cere-

bral hemisphere (yen-

triculi laterales), 3

cavity in the thala-

mencephalon {ven-

triculus tertius), a
that of the mid-brain

{aquoeductus Sylvii),

4 that of the hind
brain (ventriculus

quarius).—Orig.
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distiuguisluiljle from the pia mater iu Fish, and in other

Vertebrata they aie closely coimected. A number of

pairs of nerves arise from the brain, in pai-t sensory

(tactile, olfactory, optic, and auditory), and in part motor
;

they are principally distributed to the head. From the

thalamencephalon and the optic lobes arise the optic
nerves, which are remarkable for crossing at their

point of origin ; the nerve of the right eye thus ai-ises to

the left of the median line, and crosses over. The
simplest case of such a crossing or chiaama occui's in

many of the Teleostei, where the two nerves simply

cross, without entering into any closer connection. In most
other Vertebrata, on the contrary, the optic nerves ex-

change some fibres at the chiasma, so that, whilst the

main portion of the nerve which originates on the right

side runs to the left eye, a few of its fibres bend roimd
and join the other optic nei've, which, for its part, also

gives up some nerve fibres to its fellow. Of the other

cranial nerves, the olfactory arise from the olfactoiy lobes,

the others mostly from the ventral side of the medulla.

One of these, the vagus, is remarkalDle in that it not only

sends branches to the head, btit also posteriorly, to supply,

for example, certain portions of the alimentary canal. The
spinal nerves usually leave the vertebral canal hiterally,

one pair between every two successive vei-tebrse ; each nerve

originates from the cord in two roots, of which the dorsal

is fm-nished with a small ganglion close to its point of

origin, and contains exclusively sensory nerve fibres, whilst

the ventral root consists of motor fibres only. The nerves

supplying the limbs originate in a number of spinal neiwes,

connected together into so-called plexuses (brachial plexus

and lumbar plexus, for the fore and hind limbs respectively).

A peculiar system is the so-called sympathetic ner-
vous system, the principal part of which is a pair of

stout nerve cords running ventral to the vertebral column,

and only connected to the spinal cord and brain by small

connectives. The sympathetic nerves, which branch over

the alimentary canal and other viscera, are provided with

a gi-eat number of ganglia ; the movements of the parts

which they supply {e.g., the muscles of the alimentary

canal) are invohmtary.

Concerning tlie tactile and gustatory organs

of the Vertebrata, see the General Part, pp. 18—19.

The olfactory organs ai'e, in the Fish,

a pair of large pits on the surface of the head,

covered by an epithelium, in which are sensory

cells. In other Vertebrata, it is only in early

embryonic stages that the olfactory organs are

such superficial elongate pits (Fig. 283) ;
gradually

each pit becomes overgrown by the sui'rouuding

parts, so that it forms a tube with an anterior and

a posterior orifice, of which the former opens
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freely on to tlie surface of tlie head, the latter into the^ mouth,

within the upper jaw (the premaxilla and maxilla develop in those

parts which have grown over the olfactory pits) . Thus the anterior

end of the head becomes perforated by two tubes which are usually

close together, and separated only by a thin septum ; in the tubes,

there is a limited region containing the olfactory cells. The Iming

often projects as large folds, which may be supported within by bony

or cartilaginous pieces (the turbinals) . For further details, see the

various classes.* In those Yertebrata, in which the olfactory

apparatus consists of two tubes leading from the upper surface

of the head to the mouth, they have still another function, for air

for the respiratory organ enters through them.

The eye or optic bulb consists externally of the sclerotic

coat, a firm connective tissue sheath, varying in thickness and often

strengthened with cartilaginous or bony plates : it becomes trans-

parent anteriorly to form the cornea. Within the sclerotic there

lies the darkly coloured vascular coat, the choroid, and within this,

again, the retina, connected with the sclerotic and choroid by

the optic nerve, which perforates them. In the cavity of the eye-

ball, towards the exterior is the lens, consisting chiefly of long

filiform cells ; in aquatic animals it is usually almost round,

in terrestrial forms more flattened. Behind the lens lies the

vitreous humour, a gelatinous connective tissue mass; the

cavity between the lens and the cornea is filled with lymph, the

aqueous humour. In front of the lens there is a circular

extension of the choroid, the muscular pigmented iris, whose

circularly arranged muscle cells respond involuntarily to the action

of the light, and so narrow the aperture, that less light enters when
the illumination is brilliant. The opening of the iris, the pupil,
is either round or elliptical, in the latter case either vertical

or horizontal. The choroid itself is provided just behind the lens

with numerous meridional folds, the ciliary processes, which

are slightly developed or wanting in Pisces.

With regard to the development of the eye, it may be noted,

that at an early stage of ontogeny, the fore brain forms anterioi'ly

on either side a vesicular evagination, the primary optic
vesicle, which is connected with the brain by a short stalk, whilst

its distal portion lies close below the skin. Then follows an invagina-

tion of the outer part of this vesicle, so as to form a double-walled

* In some Reptiles and most Mammals, there is a peculiar saccular or tubular
paired organ, Jacobson's organ, in close connection with the olfactory
apparatus

; its epithelium contains olfactory cells, and it receives fibres from the
olfactory nerves. In Eeptilia (Snakes and Lizards), it is a small sac lying below the
nose, and opening anteriorly into the mouth ; in Mammalia, it is a long tube, closed
behind, running below the mucoxis membrane of the nose, on either side of the
lower edge of the nasal septum ; and opening usually in a fine canal (duct of Stensen),
which le£\.ds into the motith

; more rarely it opens du-ect into the nose.
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capsule, the secondary optic vesicle, whilst the stalk
elongates

;
then the cavity of the stalk diminishes as does also the

cavity between the two layers of the vesicle {i.e., the cavity of the
primary optic vesicle). The stalk forms the optic nerve, and
the wall of the vesicle forms the retina; the outer layer becomes
very thin and forms a sheath of strongly pigmented cells (the
pigmented layer of the retina, tapetum nigrum), whilst the
rest of the retina is formed from the thick inner layer. At the

Fig. 275. Diagrammatic representation of the development of the vertebrate eye.
1 section through the head at an early stage. 2 somewhat later stage : the incipient lens,

and the invagination of the optic vesicle may be seen. 3—4 fm-ther development : con-
striction of the lens, formation of the secondary optic vesicle. 5 the other cliief parts of

the eye are formed, ch choroid, ep epidermis, ep' epidermal portion of the cornea, g vitreous

humour, h, cornea, hj brain, i iris, I lens, m mesoderm, n optic nerve, o primary optic

vesicle, r retina, S sclerotic, t pigment layer (external sheath of the retina).—Orig.

time when the primary optic vesicle is becoming capsular, the lens
begins to form. It develoiDS as an invagination, which is finally

completely cut off from the rest of the epidermis and takes up its

position below this and opposite to the optic capsule. The trans-

parent lens develops from this epithelial sac by further modification

of the cells. The remaining portions of the vertebrate eye then

form round this essential part : the connective tissue between the

lens and the retina forms the vitreous humour, the covering to

the lens forms the cornea; between the latter and the lens there
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is a space in whicli the aqueous humour is secreted ; outside the

retina, the choroid with the iris, and the sclerotic, develop from

the surrounding connective tissue.

rrom this account it will be clear that the sensory, that- is, the essential, part

of the vertebrate eye, has a different origin from the retina of invertebrate

animals. The origin of the vertebrate eye may be imagined thus : originally a

vesicular evagination of the brain served for the perception of light, and later a

lens, etc., developed and closed the optic vesicle, which had been modified in the

meanwhile. Cf. also the pineal eye described below, which is similarly a vesicular

evagination of the brain. It must also be mentioned here that in certain lower

forms from which eyes are absent, part of the central nervous system is sensitive

to light (see p. 22).

The retina of the Yertebrata, like that of many other animals, possesses

rod-like refringent bodies which form a special layer (rods and cones) ; it differs

however, in that the rods are not in that pai-t of the retina which is towards

the light. They lie directly upon the pigment sheath, and in order to reach

them the light has to traverse all the other layers of the retina. A considerable

number of thin layers is distinguished in the fully developed retina.

The eye lies in a deep basin-like cavity on the side of the head

surrounded by loose connective tissue; this depression, the orbit,
is arched over above by the skull

;
frequently too, it is more or less

completely bounded in front, below, and behind by osseous or carti-

A B

m

Fig. 276. Diagrammatic section through the orbit A of a Fish, J5 of a Mammal
c conjunctiva palpebrarum ; c' c. oculi ; h cornea ; I upper ; I' lower eyelid ; m superior,
m' inferior recitus muscles ; n optic nerve ; o bulb of the eye ; r retractor bulhi. The skin
is represented by a thick black line, the connective tissue dotted, the wall of the orbit
(consisting of bones, muscles, etc.) shaded by oblique lines).—Orig.

laginous pieces. The cornea is generally directly continuous with
the skin, which is usually soft and flexible in this region, so that the
eye can move within the orbit without hindrance. The movements
are brought about by muscles, which arise from the skull, and are
attached to the eye-ball. There are almost always four rectus eye
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muscles {miisculi recti), superior, inferior, internal, and external, and
two oblique muscles [miisculi ohliqui). The recti, which are
usually attached to the skull, close to the point where the optic
nerve perforates it, and to the eyeball, in a circle a short distance
from the cornea, move the eye upwards, downwards, inwards, or
outwards ; the oblique muscles, which are usually attached to the
anterior or nasal wall of the orbit, and above or below to the optic
bulb, cause it to rotate on its axis which runs approximately
through the middle of the cornea. Besides these, there is, in not
a few animals (Amphibia, Reptilia, Mammalia), a muscle which with-
draws the eye-ball [retractor hulhi) ; this muscle surrounds the optic

nerve, and springs from a point close to the optic foramen.

Excepting in Pisces, a circular fold of skin, which can be drawn
over the cornea, arises a short distance from, and almost parallel

to, it. This fold consists of upper and lower portions, the upper
and lower eyelids, whose edges meet when they are drawn
over the eyes ; in the Mammalia the upper lid is best developed

;

in other animals, the lower. Just below the portion of skin covered

by the eyelids there is usually a thin and soft membrane, which
is termed the conjunctiva bulhi.^ In many Reptiles, in Birds, and
in many Mammals there is a nictitating membrane, a fold

of skin developed in the inner corner of the eye, within the true

eyelids. In the two first-mentioned groups it is large, semi-trans-

parent, and moved by a special muscle; in the Mammalia it is not

so well-developed.t Connected with the eyes are various glands,

opening below the eyelid or nictitating membrane, and serving to

keep the cornea and the inner side of the eyelid damp and smooth.

In Pisces such glands are altogether absent, whilst in all other

Vertebrates one or more are present. There is generally a

lachrymal gland which opens behind (at the outer corner

of the eye), usually by several apertures, on the inner side of the

lower or of the upper eyelid,J and a Harderian gland, which

opens anteriorly in the inner corner of the eye (usually within the

nictitating membrane if this is present) ; the secretion of the former

is usually more watery, of the latter more fatty in composition.

Part of the secretion from these glands runs through a tube, the

lachrymal canal, which has several openings in the inner

corner of the eye and discharges into the nose. (The lachrymal

canal is primitively a trough-like epiblastic invagination which

becomes constricted to form a canal; see Fig. 283 ANr).

* The soft inner covering of the eyelids is termed conjunctiva palpebrarum.

f In many Fish immovable folds of the skin, otherwise like eyelids, lie round

the eye. In some Sharks there is a movable nictitating membrane.

+ Only in Mammalia some (often the majority) of the openings of tlic lachrymal

glands are on the upper eyelid,
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A peculiar third unpaired eye, the pinealeye (parietal eye), m
connection with the pineal body, has been recently described in some Lizards

(e.g., in the common Lacerta, BUnd-worm, and others). It lies in a small perfora-

tion of the upper wall of the skiill (in the parietal bone, or between this and the

frontal), close below the skin, which is at this spot partially transparent. It

consists of a vesicle formed of a simple epithelium, the upper portion forming a

lens-like thickening, whilst the lower part is much pigmented (retina). In

other Lizards the same structm-e occm-s in the same position in a more

rudimentary form, as a simple vesicle, which does not resemble an eye, but is

unpigmented, and without a lens. A structm-e like the first described occui-s

also in the Oyclostomi, where, however, it is covered by the skull, which

is often somewhat thin at this place, and may even, like the skin above it, be

transparent. In various other Vertebrates also, facts are known which point to a

Fig. 277. Pineal eye of a Lizard; diagrammatic. ^ brain and upper wall of the

skull, the latter cut through ; B pineal eye alone, in section. V, Z, M, H cerebrum,

thalamencephalon, optic lobes, cerebellum ; h akin, s roof of skull, o unpigmented portion

of skin below which the pineal eye Ues, in a hole in the roof of the skull ; p epiphysis,

i hypophysis, 2 optic nerve. L lens, R retina, JV^ nerve of pineal eye.—Orig. (using

Spencer's figures).

connection between the pineal gland and the exterior. In the Selachians the

pineal gland is filiform, and its distal end lies in a hole in the dorsal wall of the

skull, covered entirely by skin ; so far as is known it possesses no optic structm-e.

In the A n u r a also, the epiphysis, which is short at first, elongates during larval

life into a long thi-ead, with a terminal enlargement ; the thi-ead perforates the

skuU-wall, and the swelling lies on the upper side of the head, directly beneath
the epidermis.

The auditory organs, one on either side, arise in the embryo
as vesicular invaginations of the epidermis, which gradually sink in

deeper, and become surrounded by the cartilage of the skull (later often

by bone) . The invagination remains for some time connected with the

exteiior by means of a canal, but later is usually completely cut off

from the skin, so that the developing organ is a closed sac ; in some
cases, however (the Selachians), the canal persists throughout life

as an open tube. The vesicle does not retain its primitively simple
form, but is modified, so that the auditory organ in its adult condition

z
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consists of a saccular cliaiiiber, and three semi-circular c a n a 1 s j

the latter are tubes opening at both ends into the vesicle, to which
they are attached like hollow handles. The sac itself is divided by a
constriction into two portions, the sacculus and the utriculus ; the
canals open into the latter, and each possesses a swelliug at one end
(ampulla). The sacculus usually bears an evaginatiou (ductus

cocldeans), which is, in Pish, Amphibiaus, and many Eeptiles, a
short minute pouch; in some Reptiles (the Crocodiles) and in the
Birds, a longer tube ; but attains its highest development in the
Mammalia, Avhere it forms a long spiral canal. This whole vesicle,

which consists of epithelium, surrounded by a thin layer of connective

tissue, is termed the membranous
labyrinth. This is the essential

auditory organ which occurs in all

Vertebrata, Amphioxus alone ex-

cepted, and usually includes all

the parts named. There are certain

cells in the epithelium provided

with one or more processes, to

which the branches of the auditory

nerve are distributed, and which
are closely connected with the sense

of hearing. In the labyrinth there

are otoliths, either small

crystals or larger calcareous bodies

(Teleostei). The membranous laby-

rinth, which is inclosed in the

lateral wall of the skull, constitutes in Fish the whole auditory

apparatus ; in other Vertebrata various accessory structures
are usually connected with it (tympanic-cavity. Eustachian tubes,

tympanum, ear-bones), which will be considered in the different

groups.

Those portions of the skull which closely suiTOund the membranous labjrinth

are often {e.g., in the Mammalia) more compact in stmctm-e than the rest of the

bone, and may be entirely separated, giving exactly the form of the enclosed

membranotis labyrinth : this is termed the bony labyrinth.

The alimentary canal is divisible into the following parts :

buccal cavity, oesophagus, stomach, small intestine, and rectum. Of

the structures connected with the spacious bu c c al-c avi ty, the

teeth will be considered first.

The teeth, both in structure and development, are essentially

characteristic of the Vertebrata. They are present not only in the

mouth, but in many Fish (especially in the Selachians) on the skin

also. They occur within the mouth in all classes (with the exception

of the Laucelet, Amphioxus), although they are frequently absent.

In the simplest case (Fig. 279.4) the formation of teeth occurs

Fig. 278. Diagram of the auditory

organ (membranous labyrinth) of a Ver-
tebrate, a ampulla, h semicircular canal,

s sacculus, u utriculus (s + u auditory
vesicle), sg cochlea.—Orig.
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in the following way : a papilla of the dermis, or of the corresponding

connective tissue of the mucous membrane, grows into the epidermis,

or what is the same thing, the epithelium of the mouth. This papilla

secretes, on its upper surface, a covering of dentine, a substance

as hard as bone, the structure of which will be considered later; whilst

the cylindrical cells, constituting the lowest layer of the epithelium,

covering the papilla, secrete on their under sides a layer of still harder

material, the enamel. Between the papilla and the epithelium

c

-eo

b

Fig. 279. Diagram of various developing teeth. To the left in each figure a very

young" one is represented, followed to the right by an older or several older teeth in

succession. A simplest form, B—Q more complicated forms.. Enamel black ;
dentine

perpendicularly shaded; connective tissue dotted, h connective tissue, eo enamel organ,

ep epithelium, ep' epithelial papilla (incipient enamel organ), ep" older epithelial papilla,

p dermal papilla (pulp of tooth).—Orig.

a hard cap is thus formed, which consists within of a layer of dentine,

secreted by the papilla, and externally of a layer of enamel, secreted

by the epithelium ; the two layers are inseparably connected, and

together make up the young tooth. The dentine is gradually thickened

by the secretion of new material by the papilla, which at the same time

becomes smaller, and is finally often reduced to a relatively small

structure, the pulp, within the tooth. The enamel is increased

by the deposition of new material on its surface, it never

attains so great a thickness as the dentine, and is often not

distributed over the whole tooth, but occurs only at its apex. As a

rule, however, development is somewhat more complicated (see Fig.

279 B—G) ; before the formation of the papilla a thickening of

the epithelium occurs at a given spot, and in connection with it there

is an ingrowth into the connective tissue (e^?'), which is usually so deep

that the point of the tooth does not project at all into the true layer of

epithelium, but lies exclusively in the sunken portion (Fig. 279 G)
;

this latter often only retains its connection with the epithelium by a

thin cord, and, indeed, is often completely separate d from it. In other

z 2
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respects, however, the tooth develops in exactly the same way as in

the other case : a papilla grows up to the portion of e])ithelium that
has sunk in, and so on. Dentine has a certain resemblance to

bone, consisting of cells and a calcified inter-

cellular substance. They dilfer, however, in

that each of the cells of dentine (odontoblasts)

possesses only a single long, filamentous

] )roces s, provided with delicate lateral branch es,

which run transversely through the whole of

the dentine, parallel to neighbouring pro-

cesses ; whilst the cell itself, with its nucleus,

is never enclosed in the intercellular substance,

but lies on the upper surface of the papilla.

The dentine is thus provided with numerous
delicate canals, each containing a cell process

;

for as the dentine increases in thickness

the processes gradually elongate. The enamel
is a very hard substance, consisting chiefly of calcium phosphate,

which in the Mammalia, at least, is composed of thread-like prisms,

whilst in many lower forms it appears more homogeneous. It is a

cuticular secretion of the lowest layer of epithelial cells.'^ The
fully-formed tooth, which varies considerably in form (though all

varieties are modifications of the cone), may have its tip pushed

through the mucous membrane by the growth of adjoining parts,

and may be attached by its lower end to the subjacent bones

Fig. 280. Section through
a tooth to sliow the structure

of the dentine
; diagram-

niatio. d dentinal tubes,

0 odontoblasts on the inner

side of the dentine.—Orig.

Pig. 281. Portion of upper jaw of a
Lizard (Iguana) seen from the inner side :

soft parts removed, k jaw bone, to the inner

side of which the teeth are firmly ankylosed
by a porous mass of bone b. T'— three

teeth which are about to fall out, the lower

ends being more or less absorbed (T' least.

most) ; I'

—

P the corresponding incom-

pletely developed replacement teeth.—Orig.

(or cartilage) by a fibrous portion of connective tissue, or a small

osseous mass, the socket, which develops between the tooth and

the bone. In Mammalia and some others, the teeth are placed in

alveoli, deep cavities in the bone, into which the lower end of

the tooth is sunk. The teeth are, of course, subjected to much,

and often rough, usage, and only remain for a limited time in the

mouth. They then fall out and new ones are formed ; and thus

* For the cement, which is only present in Mftnnnalia, see thftt section,
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there is a succession of teeth; before falling out a tooth

loses its connection with the bone, the socket is reabsorbed, (For

the special conditions of replacement in Mammalia^ see that

group)

.

Among other hard pai-ts connected with the oral cavity, and occasionally

occun-ing among the Vertebrata. may be mentioned cei-tain horny
structures, locally thickened and hardened poi-tions of the cuticle, which

are developed here just as on the outer skin: the horny teeth of Cyclo-

stomes and Monotremes, the horny jaws of Aves, Chelonia, and others.

The tongue projects from the floor of the mouth, and is inti-

mately connected with the visceral skeleton, especially with its

unpaired portions. It is a feeble structure in Fish, but in Mammals it

is well-developed, muscular, and very movable, and thus of great

importance in introducing food into the mouth. It exhibits a great

diversity of form, as will be noticed more particularly in the various

groups : it is rarely altogether absent. Various glands are also

connected with the mouth, pouring into it secretions which serve to

moisten the food, etc.
;
they are absent from Fish, but are developed

in all other groups. As a rule they are embedded in the wall of the

buccal cavity, but in the Mammalia some lie apart from it, and only

conununicate with it by their ducts ; here they have, moreover, attained

to a considerable size as "salivary glands^'; this is only

exceptionally the case in other gToups.

Developmentally, the thyroid gland is also connected with the mouth.

It arises* as one or more evaginations of the floor of the oral cavity, from
which, however, it soon separates, and later fomis a large, independent, duct-

less gland, which consists chiefly of epithelial sacs, filled with fluid, and united

by connective tissue. The fimction of the thyroid was until recently a complete

riddle ; medical researches of the last few years, however, have demonstrated

with certainty that it fonns a product of vital importance, which is canied by
the blood to the rest of the body. The enigmatical thymus aL>o arises as

a series of evaginations, which separate later from the buccal cavity. It is

well developed in embryos and young animals (in many yoimg Mammalia it is

an extensive organ, stretching far back into the thorax), but it degenerates in

after hfe. In the adult the thymus consists chiefly of cellular connective

tissue.

The oesophagus is short and wide in Fish and Amphibia,
but in Keptiles and Birds may be longer, in consequence of the

formation of a neck ; in the Mammalia it is not only fairly long, but
also rather uarrow, although capable of great distension, whilst in

all the others it is very wide. The stomach is a wider region
varying in form, with innumerable small tubular glands in its walls.

'Ihe small intestine is a straight tube in the Cyclostomes and
some other Fish, but is usually coiled. In Fish, Amphibia, and many
Reptiles it is still comparatively short : in Birds and Mammals on the
contrary, it attains a considerable length, several times the length of

• According to general opinion, the thyroid corresponds to the endostyle in the
branchial sac of Ascidians {q.v.).
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the body. In correlation with the importance of the small intestine

as an organ of absorption there are various arrangements for increas-

ing its inner surface, folds arranged in a network, or papilla? (villi),

the latter chiefly occurring in the Mammalia. At the antei-ior end of

the small intestine opens the duct (or ducts) of the liver, a very

large, often hjbed gland, consisting of very numerous lobules; the

duct (bile duct) is usually provided with a saccular expansion, tho

gall bladder, which forms a reservoir for the hepatic secretion

the bile. Close to the opening of the bile duct into the gut is the orifice

of another large gland, the pancreas, which, like- the liver, is

usually extensive ; it is absent

from some Fisb. Besides

these larger glands external

to the intestine, there are

frequently numberless small

tubular or racemose glands

lying in its wall {e.g., in

the Mammalia) . The terminal

portion of the alimentary

canal is the rectum, which

is wider than the small intes-

tine. In most Vertebrata it

is short, and is then straight

also; it only attains a greater

length in the Mammalia;

here it is termed the large
intestine, the term rec-

tum being reserved for the termination only. In many Vertebrata

the hinder end of the rectum acts as a cloaca, the urinary

and genital ducts opening into it. At its anterior end, at its junction

with the small intestine, the rectum (or large intestine) is often

provided in Reptiles and Mammals with one, in Birds with two, c ee c a

of varying length. The anus is situated ventrally at the base of

the tail, it is either round or a longitudinal or transverse slit.

The alimentary canal in the embryo is for some time a straight tube running

through the body-cavity along its dorsal sm-face, invested with a thin connective

tissue membrane, the peritoneum, which covers all the organs in the body-

cavity. Later it leaves the body-wall and sinks deeper into the cavity, di-awng

its jjeritoneal covering with it, so that in the adult it is suspended by a large fold

of the peritoneum (Fig. 282). Where they do not sm-roimd the ahmentaiy canal

the two layers of this fold lie close together, and form the mesentery, which

appears as a thin connective tissue lamina between the upper body-wall and the

digestive tract. Similar mesenteries may also be formed for other organs in the

body-cavity.

The respiratory organs of Vertebrata are sometimes

gills, sometimes lungs, the latter occurring in almost all

(with the exception of Ajnphioxus, the Cyclostomes, the Selachians,

A B

Pig. 282. Diagram to explain the structure of
the mesentery; transverse section of the
body. A earlier, B later stage, d gut, s peri-

toneum (thick line), s' the portion of this sur-

rounding the gut : m mesentery, formed of two
layers ; r spinal cord.—Orig.
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cand some others), whilst the former are limited to Fish and the

larvsd of Amphibia. The gills usually consist of very vascular

laminee arranged in a single series on the sides of the gill-clefts;

the latter are a series of large lateral sHts, which lie closely

behind each other as perfora-

the

are

tions in the wall of

oral-cavity. The clefts

separated by septa, in which

lie the visceral arches men-

tioned above {see also Pisces)

.

It is of great interest that in

the embryos of all higher

Yertebrata (Reptilia, Aves,

Mammalia), which at no time

of their lives breathe by gills,

similar visceral clefts occur
;

they do not, however, bear

gill filaments, and they close

again later.

The lungs arise as an

unpaired evagination of the

alimentary canal, at the junc-

tion of the buccal-cavity and

oesophagus. During further

development, this evagination

does not usually remain simple,

but divides into two sacs, right

and left, communicating with

the alimentary canal by a

common tube. Each sac, in

the simplest case, grows into

a large, thin-walled bag, the

wall of which is richly sup-

plied with blood vessels {e.g., in the common Newt). Usually,

however, the inner surface of the pulmonary sac becomes increased by

evaginations, which remain united by connective tissue, so that the

outer surface of the lung appears almost smooth. In some instances

{e.g., the Frog) each lung contains a large central cavity and the

evaginations are short ; in others, the latter become longer and
branching, whilst the central cavity is smaller (Reptilia) ; in the

highest condition (in the Mammalia) the original sac is so much
branched that it forms an arborescent organ, the finest branches of

which end in tiny thin-walled vesicles. Over the walls of these

minute sacs a fine capillary network is spread, whilst the trunk and
the larger branches become thick-walled and firm, forming a kind of

skeleton for the rest of the lung. Further, both larger and smaller

Fig. 283. Anterior portion of a Chick
embryo (four days' incubation). ANr incipient

lachrymal canal (still a groove), Ex incipient left

limb, Oh auditory vesicle, H fore brain, Hz heart,

Lb liver, Ls lens of eye, Lw body wall, M mouth,
Mg rudiment of stomach, Mh mid-brain, OA; upper
jaw, Bg olfactory pit, Sp first visceral
cleft behind which three others may
be observed, Uk lower jaw.—After His.
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brandies are covered by connective tissue, so that the ramifications

cannot be seen from without. On the inner surface of the lung there

is usually, as has already been mentioned, a delicate vascular net-

work ; this is not, however, the case in most Fish ; here the luug,

which is usually an unpaired organ, has no such network, and

therefore no respiratory function ; it simply possesses the power of

dimit)ishing the specific gravity of the animal, and is termed the

swim-bladder. A respiratory lung is only possessed by the

Dipnoi and a few others. The unpaired, usually tubular, portion

which connects the two luugs with the alimentary canal, the wind-
pipe (trachea), varies much in length, usually in correlation with

the form of the neck ; it is generally strengthened by cartilaginous

or bony rings, and in most Vertebrata (Amphibia, Keptilia, Aves,

Mammalia, and some Pisces) it opens ventrally into the alimentary

canal ; in most Pisces, however, it opens dorsally. In the anterior,

specially modified portion of the trachea, the larynx, there is,

in many foi-ms (Anura, Lacertilia, Crocodilia, Mammalia), a pair

of projecting membranous folds, the vocal cords, which are set

in motion by the currents of air and thus produce the voice.

Circulatory organs. In the Fish the heart consists of

three successive parts, atrium, ventricle, and conus
arteriosus,"*^ The atrium is a thin-walled sac lying above the

ventricle which has thick spongy walls; the conus is tubular.

Each portion encloses a simple

cavity as does the large venous

sac, the sinus venosus, which

lies in front of the auricle and

brings into it the venous blood

from the body. In the Amphibia
the conus is well-developed, and the

ventricle, with its spongy walls, is

undivided, like that of Pisces. The

atrium, on the other hand, is

separated by a thin septum into

right and left auricles ; the sinus

venosus is also divided. The left

sides of the sinus and the corre-

sponding auricle receive the blood

from the lungs, the right that from

the rest of the body (for details set:

Amphibia). In the Reptilia

the atrium and the closely con-

nected sinus are divided just as in

the Amphibia; but the specialisation

¥ig. 284. Heart of an Amphibian;
the ventral wall of atrium and ventricle

is removed by a horizontal section ;

partly diagi-ammatic. h spongy wall of

the ventricle, fc valves, o opening of the

sinns venosus into the left auricle, o'

opening of the sinus venosus into the

riglit auricle, s auricular septum, v wall

of auricle.—Orig.

The conns is rudimentary in many Fish.
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of the heart has proceeded further, the ventricle is at least imperfectly

divided, aud in the Crocodilia is completely separated by a perfect

septum into right and left chambers, in communication with the

corresponding auricles. The conus is rudimentary or absent.

Birds and Mammals exhibit conditions very similar to those in

Crocodiles ; the auricles and ventricles are completely divided ; the

conus is absent. Valves which regulate the flow of the blood

are always present at the junction of the auricle aud ventricle and

also in the conus, or when this is absent, at the limit of the ventricle.

Auricles, ventricles, and conus are composed chiefly of striated

muscle cells.

It must be noticed that the am-icle aud ventricle are simple during the

embryonic life of the higher Yertebrata, the septa being formed later.

A B

m
Fig. 285. Diagrammatic longitudinal section through the head and front end of the

body to show the position of the heart and the pericardium. A Fish, B higher

Vertebrate, c posterior boundary of the skull (the rest of which is not dra-wn), 7i ventricle,

I body-cavity, m biiccal-cavity, o oesophagus, s septum or pericardium, y stomach.—Orig.

The heart is ventral to the alimentary canal ; in Pisces it lies close to the

head in a special portion of the body-cavity (Fig. 285 A), closed off from the

rest by a transverse septum. In other Vertebrata it has moved fiu-ther

back, and therefore this septum is saccidated, and forms a pouch round the heart,

the pericardium, which projects some v?ay back into the general body-cavity.

A large ventral aorta springs from the heart in Fish and
gives off a branch to each gill-arch, the afferent branchial
arteries; there are usually five pairs altogether in Selachians

(gill-arches 2—6), and four pairs in the Teleostei (gill-arches

3—6). The blood, after passing through the capillaries of the gills

of each arch, proceeds through the efferent branchial
arteries to the aorta, a large unpaired artery running below the

vertebral column, and giving off branches to the various organs. The
large arteries of the head (carotids) arise from the first efferent

branchial artery ; if a functional lung is present, it usually receives

blood from a branch of the last efferent branchial artery. The
Amphibia generally exhibit .similar arrangements during larval
life. Later the afferent and efferent arteries unite to form four
simple arterial arches on either side^ which run directly into the
aorta. Of these, the third is usually atrophied in the adult ; the
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second, on tlie contrary, is especially well developed, and supplies

most of the blood for tlie aorta ; the first arch practically supplies the

head only ; the fourth, the lungs. The second often loses its conuec-

tion Avith the other arches, so that it alone forms the aorta. In other

Vertehrata, the third arch is wanting ; and it must also be noticed

that the primitively simple arterial trunk is divided into two or three

branches, of which one is exclusively connected with the last arch.

In the Re pt ilia the arrangements are otherwise essentially similar

to those of the Amphibia; in Birds and Mammalia, on the

other hand, a further reduction has occurred, for the aorta is formed
from o n e of the second arches only ; from the right in Birds, from
the left in Mammals. The connections between the first and second,

and the second and fourth arches, which may still occur in the

Eeptiles, are absent from Birds and Mammals. (For details see the

various groups.)

In Fisli, the embryo develops six simple arterial arches on either side, which
run along the six primary visceral arches, and \mite to form the aorta ; the first

of these, and in Teleostei, etc., the second also, degenerates, whilst the others

split into aiferent and eiferent branchial arteries. Pinther, in abnost all other
Vertehrata these six arterial arches are present in the embryo ; then some of

them gradually atrophy, and thus are obtained the adult conditions aheady

described. The appearance of ai-terial arches and visceral clefts in the embi-yos

of higher Yertebrata (Reptilia, Aves, Mammalia) seems to prove that these have

been derived from forms with branchial respiration.

With regard to the venous system, it must be mentioned that

the venous blood from the alimentary canal, spleen, and other viscera

does not go direct to the heart, but is collected into a large trunk, the

portal vein, which enters the liver, and branches to form a

capillary net-work. The blood is collected again into hepatic
veins, which carry it to the heart. In Fish, Amphibia, and Reptiles

such an arrangement also obtains for the kidney, the renal portal
system: veins from the tail and hind limbs proceed to the kidney,

and break up into capillaries, from which other veins arise and go to

the heai't. In Fish and Amphibia it not infrequently happens that

several large veins are pulsatile (venous hearts); at these

points, just as in the heart, transversely striped muscle cells are

present. The veins, but not the arteries, are provided throughout

with valves, which direct the current of blood. In the Verte-

hrata a well-developed capillary network is present, connect-

ing the smallest arteries and veins. The blood corpuscles are

of two kinds : amoeboid white corpuscles, few in number ; and

discoid r e d corpuscles, constant in form, usually oval and nucleate,

but in the Mammalia circular, biconcave, and without a nucleus. They

impart the red colour to the blood, the plasma itself being colourless.

Occasionally an artery or vein breaks up suddenly into niimerous bi-anches,

lying close together, and frequently anastomosing, tind uniting again to form a

single vessel. Such a network is termed a rete mirabile (swim-bladder of Fish,

kidney, etc.).
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D E . F

Fig. 286. Diagrams of the arterial arches of va.rious Vortcbrata. A embryonie
condition, J) Fish, C TJrodclo, T) Eejjtilo (Lizard), W Bird, F Maminal.
Tlio atrophied vessels arc represented by dotted lines, k imd h the two first embryonic
arches which almost entirely atrophy. 1— 4 the four posterior arches. 1' and 3' the first

and third afferent branchial arteries, 1" and 3" efferent branchial arteries. 2 in D and F
second left arches, 2' in D, E and F second right arches, a, h, c vessels into which the
ventral aorta is divided in Reptiles, Birds, and Mammals, ao aorta, ca carotid, p pulmonary
artery, s (in F) artery of left limb, s (in B) and st ventral aorta.—Orig.
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PecuHav to the Vertebrata is the so-called lymphatic system,
a special system of canals and spaces, distributed over the w^hole of

the body, and containing fluid. Its function is in part to reabsorb

the plasma which has escaped from the capillaries into the tissues,

in part to take up fluid nutritive substance (chyle) from the

wall of the alimentary canal, and to carry b(jth into the blood.

Its principal trunks open into certain large veins. In the lower

Vertebrata (Pisces, Amphibia, Reptilia), the lymph vessels occur

partly as sheaths round the arteries and veins, whilst they are

elsewhere represented by special vessels which are, however, to some
extent irregular in form, sometimes wide or saccular. There are

often large lymph sinuses, e.g., below the skin in the Frog. Usually

near the point of entrance into the veins, the large lymph vessels

are rhythmically contractile, the lymph hearts; in the Frog, for

instance, there is a pair posteriorly on the dorsal surface ; they are

absent from the Mammalia, but present in all other classes. The
fluid in the lymphatics is colourless or whitish, and contains numerous

leucocytes, identical with the white blood corjDuscles. They are

formed in very cellular portions of the connective tissue attached

to the lymphatics, and, breaking loose, are carried away by the

lymph ; this tissue frequently forms specialised rounded bodies, the

so-called lymph follicles, which, especially in the Mammaha,
are collected into large lymphatic glands. An organ in

connection with the true vascular system, Avhich serves also for the

production of white blood corpuscles, is the spleen, a dark-red

body of considerable size, situated in the abdomen near the stomach.

The red blood corpuscles are formed chiefly in the spleen and in

marrow. The epithelial lining of some of the blood

vessels in these parts is much thickened and stmtified

;

cells of this epithelium develop into blood corpuscles,

break off and enter the vascular cm-rent.

The kidneys, which lie on the dorsal

wall of the body-cavity,consist of innumerable

long, coiled glandular tubules, the u r i n a r y

tubules, bound together by connective

tissue. The closed end of the tubule, which

is somewhat expanded, is invaginated to

form a capsule (Bowman's capsule),

by the inpushing of a small rete mirabile, the

glomerulus. This results from the break-

ing up of a small artery, its capillaries again

uniting into a single artery, which, later,

goes to form the capillary network of the

kidney. The thin walls of the glomerulus

appear to excrete the watery part of the

urine, osmotically, whilst the salts are sepa-

rated by the kidney tubules. In many Fish

Fig. 287. Diagram of

the end of a urinary
tubule of a Vertebrate.

It urinary tubule, whicli

splits into two branches,' of

which one ends in a ciliated

funnel, /, the other in a

Bowman's capsule, h. a

afferent, e efferent arteries.

—Orig.
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(Selacliians), and in the Anipliibia, brandies arise from tlie urinary

tubules and run to the surface of the kidney to open there by

ciliated funnels (nephrostomes), so that they communicate

directly with the body-cavity. The urine escapes through the

ureters, which open either into the cloaca, or else by a single

orifice near the anus. For the urinary bladder see the

different groups.

In Fish* and Amphibia, each kidney is connected with the

testis of the same side by fine transverse canals, so that the

spermatozoa can escape through the urinary tubules and ureters.

Usually the testis is only thus connected with the anterior and

often narrow- end. At an early stage of development a pair of

embryonic kidneys is developed in Eeptilia, Aves, and

Mammalia, and these for some time act as the excretory organs.

Later, however, they are replaced by another pair, quite independent

of the first, the a d u 1 1 k i d n e y s , which are functional throughout

Fig. 288. Fig. 289.

Fig. 288. Testis, Kid-
ney, etc., of an Amphi-
bian, diagrammatic. c

cloaca, t testis, u anterior,

n' posterior portion of

kidney, ug ureter, rtg' ducts

of posterior portion of

kidney which open into the

hindmost portion of the

ureter.—Orig.

Fig. 289. Testis, em-
bryonic kidney, etc.

^of the embryo of a higher

Vertebrate
;

diagrammatic.
r cloaca, t testis, " anterior

liortion of embryonic kidney
(which forms the epididy-

mis), n' posterior portion

which atrophies, ?/</ duct of

iMiibryonic kidney (seminal
iluct).—Orig.

life. The embryonic kidneys and their ducts (Wolffian ducts) which

open into the cloaca, are lost in the female, whilst in the male the

testis becomes connected by fine tubules with the anterior portion of

the embryonic kidney, and this part persists throughout life as the

* The aberrant conditions of the Teleostei are disregardecj here. See Pisces.
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epididymis. This consists of numerous coiled tubes, and lies
close to the testis receiving the spermatozoa from it, and carrying
them to the segmental duct, which serves as the seminal duct
(vas deferens) of the adult. The posterior portion of the
embryonic kidney atrophies, and the epididymis loses its original
excretory function. It follows, from this "description, that the
embryonic kidneys of Reptilia, Aves, and Mammalia correspond
with the permanent organs of Pisces and Amphibia, whilst those of
the adult are, on the other hand, quite new structures.
A pair of organs lying far anterior in the body-cavity is distinguished by the

term head kidneys (pronephros)*-, each consists of one or more glandular
tubes. One end of each tube opens by a funnel into the
body-cavity, the other is connected with a duct, the
segmental duct, opening into the cloaca. Opposite the
funnels a large glomerulus projects from the body-wall.
This head kidney appears in the embryo as yet another
ui'inary organ, but before long it gi-adually disappears,t
the duct, however, remains as the m-eter of Fish and
Amphibia, and the Wolffian duct of higher Vei-tebrata.
In the latter the pronephros is rarely fimctional, and
is very poorly developed ; in Amphibia and many Fish
on the other hand, it is for some time the fimctional
excretory organ both in the embiyo, and sometimes also
in the young animal.

In the Yertebrata there is usually a pair of supra-
renal bodies (sometimes separated into several

portions), organs whose significance is still unknown.
They are mentioned here since they usually lie close to

the kidneys, with which, however, they do not come into

any fm-ther relation. The suprarenal organs are usually
yeUow or brown in colom-, and consist of connective
tissue, in wliich are embedded strings of cells or vesicles.

They are very vascular, and well suj)plied with nerves.

The Vertebrata typically possess two ovaries,

although in many Fish they are fused, and one

is generally absent from Birds
;
they are firmly

attached to the dorsal body-wall, and are covered

by a simple epithelium, from which there are

inpushings into the subjacent connective tissue even in early

developmental stages. These invaginated regions separate from

the superficial epithelium as small rounded groups of cells, in

which there is a central larger cell, surrounded by a sheath of

smaller ones. Such a group is termed a Graafian follicle,
the central cell is the young ovum, which gradually increases, and

Fig. 290. Diagram of a
pronephros, a aorta,

g
—

g (left) glomeruli, g
(below and to the right)

duct of embryonic kid-

ney, t funnels.—Orig.

* In relation with this, the kidney of Pish and Amphibia, and the embryonic kidney

of the higher Vertebrata may be termed the mesonejphms, and the adult kidney of the

latter, the metanephros.

t In certain Teleostei it persists throughout life as an excretory org-an ; in many
others it persists in a ntodified condition, but in the adult no longer exgr^te^ uripe,
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often attains an enormous size. The cells round the ovum secrete

a vitelline membrane, which is sometimes very thick.

The cells constitute, in all Vertebrata, a single layer round the

eo-g, and usually remain in this condition; only in the Mammalia
dr'they divide, so that the young egg is surrounded by

several layers. Here a split appears later in the cellular mass

(Fig. 291, s), and gradually enlarges, so that the ripe Graafian

folHcle of Mammalia looks like a holhjw ball of cells, whilst the

ovum, surrounded by a proliferation of cells, projects into the cavity.

The ripe ova are shed into the body-cavity by the

bursting of the Graafian follicles. They vary in size in the different

Vertebrata ;
they are smallest,

microscopic even, in the Mammalia,

largest in Birds and Selachians.

Where the ova are large, they

project from the surface of the

ovary, so that it looks very uneven
;

in Birds, it appears racemose,

whilst in Mammalia, on the con-

trary, it is usually a small, smooth,

roundish body. The ova gene-

rally escape by the Miillerian
ducts, a pair of long tubes

each opening at one end by a

ciliated funnel into the body-cavity

(usually near the ovary of the

same side), at the other end into

the cloaca, or to the exterior by

a special aperture in the region

uf the anus. (For the aberrant

relations of ovary and oviduct in

many Pisces, see that group.)

The testes, of which there is also a pair, usually lie like the

ovaries, on the dorsal wall of the body cavity (see the Mammalia for

the change of position which may occur during development) . They
consist of numerous coiled glandular tubes (seminal tubules), v^hich

are closely packed, and in which the spermatozoa are produced by
the modification of the constituent cells. For the methods by which

the spermatozoa escape from the body, see above, pp. 349, 350. For

copulatory organs, see the different groups.

Rudiments of the Mullerian ducts, varying in size, often occur in the male
(Selachii, Amphibia, Mammalia), just as vestiges of the mesonephros (pai'ovarium)

and its duct (Gartner's duct), may sometimes be found in the female {e.g., in the

Ruminants).

The majority of the Vertebrata are of separate sexes. Only in some species

of Teleostei are ova and spermatozoa formed in the same individual, i.e., there is

true herniaphroditism; both genital products develop in a common gland,

Fig. 291. Section through the ovary
of a Mammal ;

diagrammatic, e epithelium

on the sm-face of the ovary, e' invaginated

portion of epithelium, g' young Graafian

/ collide, g somewhat older do., s split,

CB egg, k nucleus of egg.—Modified from

Wiedersheim.
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the eggs in oue region, the spermatozoa in another. lu not a few others
it may be noticed as a quite regular occurrence, that the sexual glands have in
sonxe measure a dual character, being, for the most part, either ovary or testis,
but having a small portion of the ovary forming a testis, or of the testis forming
an ovary. These small portions do not, however, form ripe sexual products. So
also, a portion of the testes of the Toad (Bufo) resembles an ovary, but it does not
produce ripe ova.* As rare abnormalities, such relations may also obtain in the
higher Vertebrata {e.g., in Mammalia) ; for instance, a testis may occm- on one
side, an ovary on the other

: or the gland of each side may possess in part, the
structure of a testis

;
in part, that of an ovary : but in this case ripe genital cells

of both kinds are apparently not produced. More common than these true
hermaphrodites are the so-called p s e u do - h e r m ap h r o di te s, which
possess testis or ovary alone, but show the characters cxf the other sex in the
ducts or the structure of the copidatory organs

;
amongst the domestic animals

for instance, it is by no means rare to find males which possess veiy well-
developed Miillerian ducts, like those of the female. Cei-tain normal an-ange-
ments may be regarded as slight indications of pseudo-hei-maphi-oditism

;
e.g.,

the presence of i-udimentary Miillerian ducts in the male, which has been
already mentioned, or the inidimentaiy copulatory organs in certain females
(clitoris of Mammalia, etc.).

Most Vertebrates are oviparous. The egg, when laid, is

sometimes surrounded by a gelatinous mass (Amphibia) ; in other

cases by a horny shell (Selachii) ; or again, by a tough or brittle

calcareous shell (Reptilia, Aves), which encloses, besides the egg-cell,

a mass of albumen, which will later be gradually absorbed by the

embryo ; all the coverings are secreted by the glands of the oviducts.

Many Vertebrata are, however, viviparous, embryonic develop-

ment occurring in the oviduct of the mother (or in Teleostei in the

hollow ovary) . In the simplest cases, the egg, surrounded by
the usual coverings (shell, etc.), develops within the body of the

parent without the assistance of any additional nourishment ; the

ducts of the female simply afford protection to the egg {e.g., in

many Reptilia) : ovoviviparous animals. An approach to this

condition occurs in many oviparous forms, where the egg when
laid contains a more or less fully-developed embryo, the first part

of development occurring within the body of the parent, the conclu-

sion externally {e.g., in the common Ringed Snake). In other
viviparous animals the embryo lies in, and is nourished by, a fluid,

secreted usually by the wall of the oviduct, which it absorbs into the gut

or through the skin (Zoarces, some Rays, Marsupials) ; in others, again,

processes from the embryo grow into the wall of the oviduct and serve

for the absorption of blood from the mother, upon which the foetus

is, as it were, parasitic (Mammalia, one Reptile, and Selachians).

* According to the interpretation of some observers, the Hag (Myxine) is a true

hermaphrodite, which is male whilst young, later female. The correctness of

this conclusion must still remain doubtful ; certain it is that in some male specimens

of this form, the anterior portion of the sexual gland has the character of an unripe

ovary, whilst the posterior part constitutes a testis ; but whether this region later

develops into a ripe ovary, or whether, like the similar part in the male Toad, it

remains in this condition, cannot he decided froin the investigations so far made,
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Segmentation of the ovum is total in some of tlie

Vertebrata—Amphioxus^ Cyclostomi, Ganoidei, Amphibia (with the

exception of Coecilia and several others), and most Mammalia ; in

others, in Avhich the egg is large, segmentation is partial (Selachii,

Teleostei, Eeptilia, Aves, Monotrema). As in the lower animals

a gastrula is formed, Amphioxus offering the simplest instance

{see p. 43), the formation in others being more complicated (pp. 43-45)
;

the mode of gastrula formation in Mammalia is not yet fully

elucidated. Most Vertebrate embryos are for a long time provided

with a yolk-sac {see p. 49), which attains a huge size in some {e.g., the

Selachians), but has usually vanished or is no longer visible when the

animal is born {i.e., leaves the egg-shell or the body of the parent.)

In Reptilia, Aves, and Mammalia (the amniote Vertebrata), certain

peculiar conditions may be observed : the embryo is surrounded by
several embryonic membranes, which develop as special

outgrowths of the young animal. These are embryonic organs and

are thrown off at birth.

In the Hen's egg, at a very early stage of development, a fold, consisting of

epiblast and the outer layer of mesoblast, is formed round that portion which
will develop into the embryo itseK, as distinct from the yolk-sac portion. This

fold gradually gi-ows round the whole embryo, its walls meet and fuse, and thus

a ca^dty is formed above, limited by the inner layer of the coalesced fold.

This inner layer is now called the amnion whilst the outer layer, which is

C D

Tig. 292. Illustrating the development of the embryonic membranes in a
bird embryo

; diagrammatic longitudinal sections of various stages. In A the development
of the membranes has not begun, ek epiblast, en hypoblast, m mesoblast (broader line),
am amnion, am' folds from which the amnion and serous membrane originate, s serous
membrane, al aUantois, hi food yolk, t gut.—Orig. (partly after older figui-es).

A A
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continuons below with the covei-iny of the yolk sac, is termed the serous
membrane. Fm ther, there grows into the cavity between the serous membrane
and the amnion, an outgrowth from the hinder part of the gut, consisting of an
inner layer of hypoblast and an outei- layer of mesoblast. This outgrowth,
the allantois, grows gradually into a compressed sac of considerable size,

lying between the amnion and the serous coat, and communicating by a duct
with the gut. The allantois is very vascular, and sei-ves partly as a resei-voir

for the m-inary excretions, partly as a respiratory organ. Similar conditions

obtain in other Birds, Reptiles, and Mammals ; in the last-mentioned the allantois

unites with the serous membrane to form vascular outgi-owths, which gi-ow int^>

the wall of the uterus and serve as nutritive apparatus (placenta).* In Fish and
Amphibia these embryonic membranes are wanting.

The Vertebrata occupy a somewhat isolated position in the Animal

Kingdom, and so far no close connection with other phyla has been

proved. Of the five chief divisions of the Vertebrata, excluding

Amphioxus, Pisces and Amphibia contrast, in many respects (see the

summary below), with the Reptilia, Aves, and Mammalia, which are

likewise allied in many ways; the first two are united under the

heading Anamnia, the others as Amniota. On the other

hand, however, the Amphibia display many points in common with

the Amniota as opposed to the Fish {cf., the left of the summary).

1. Leptocar dii

Skeleton of limbs not di-

vided into arm, forearm,

finger, etc.

Stratum corneum absent.

Olfactory organ a pit.

Eyelids absent.

Auditoi-y ossicles absent.

Atu'icle of heart not divi-

ded.

Skeleton of limbs divided

into arm, fore arm,

finger, etc.

Stratum corneum present.

OKactory organ with ex- ,

temal and internal aper-

tures.

Eyelids present.

Auditory ossicles.

Auricle of heart divided.

2. Pisces

3. Amphibia

4. Reptilia

5. Aves

6. Mammalia

Embryonic membranes ab-

sent.

1st and 2nd vertebrae not

specially developed.

GiUs present at least in the

young forms.

Mesonephros fimctional kid-

ney of adult.

Ventricle not di-\aded.

Embryonic membranes de-

veloped.

1st and 2nd vertebrae de-

veloped as atlas and axis.

Gills absent.

Mesonephi-os replaced by

metanephros.

Ventricle completely or

incompletely di^-ided.

Class 1. LeptOCardii (Lancelets).

The body is elongate, compressed, and pointed at each end
;
along

the back and the ventral side of the tail is a fin ; limbs are absent.

The skeleton is represented by a well-developed notochord,

running the whole length of the body, and pointed anteriorly and

• A structure similar to the embryonic membranes occurs in the Insecta and

several Worms.



Class 1. Leptocardii. 355

posteriorly. Above this lies the central u e r v o u s s y s t e m , a

long cord-like organ without specialised braiu; its central canal

communicates with the exterior in front. There is an unpaired

eye in the form of a pigmented spot in the anterior part of the

n c m

li 'P V «

Fig. 293. Diagrammatic longitudinal section of Amphioxiii?. a anus, c notochord,

gill sac, m stomach, n central nervous system, p atrium, p' atriopore.—Orig.

nervous system
;
paired eyes and auditory organs are absent. The

musculature is arranged as in Fish^ the muscle-fibres transversely

striated. Below the notochord lies the alimentary canal,
beginning at the anterior end of the animal with a mouth, surrounded

by a number of projecting tentacles (cirrhi), this leads into a large

pharynx, perforated by numerous transverse slits, and extending

back through a large region of the body. Behind, the pharynx leads

into the stomach, which is furnished with a large evagination, the

liver; the intestine is short and straight and opens ventrally, not far

from the hind end, so that the length of the tail is not great. The gill-

clefts do not lead direct to the exterior, but open into an atrium,
surrounding the pharynx, and this again opens

ventrally, anterior to the anus. In quite young
animals the branchial clefts open on the surface, but

later a longitudinal fold develops above them on

€ach side, and eventually grows round them, the

two uniting on the ventral surface. The vascular
system is remarkable for the absence of a

specialised heart, but all the vessels are

pulsatile. Below the pharynx is an unjDaired vessel,

which receives the venous blood from the body, and
sends branches to the gill bars; from the latter the

blood is collected into an aorta running below the

notochord. A hepatic portal system is present as in

other Vertebrata. Red blood corpuscles are wanting.

Numei-ous short ciliated tubes, arranged in a row on
either side, serve for excretory organs; each
tube has a single dorsal opening into the atrium,

several into the body-cavity. The sexes are separate,

•organs are represented by several pairs of ovaries or testes, which

A A 2

Fig. 294.

Transverse sec-

tion tlirough the
anterior region

of the body of

Amphioxus ; dia-

grammatic, n
spinal cord, ch

notochord, g pha-
rynx, p atrium,
/.,• gonad.—Orig.

The sexual
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Vie in the body-wall on tlio side toAvards the atrium; ova and
spermatozoa escape into this by the bursting of the organs, and are

ejected through the mouth. Segmentation is total, a blastula is

formed, the epiblast and hypoblast cells are little differentiated

(gastrula formation of the type depicted in Fig, 29) ; the embryo
hatches early, and the short larva swims by means of the cilia which
cover the surface.

The class Leptocardii, which only includes the genus A m p h i o x u s,

occupies in many respects the most primitive position among Vertebrata

(skeleton, nervous system, development, etc.), whilst in other respects it

is very peculiar and far from ancestral (atrium, etc.).

The colourless Amj^hioxris lanceolatus, reaching about 7 c/m. long,

occurs on European coasts, buried in sand.

Class 2. Pisces. {Fish.)

The body is usually compressed and spindle-shaped; head, body
and tail pass gradually into each other, the last is very muscular;

there is no neck, and movement of the head is usually very limited.

Many Fish differ more or less considerably from this general type; for

instance, some are so strongly compressed laterally that the animal

resembles a perpendicular plate ; in others, the head and body are

flattened dorso-ventrally ; in others again, the body is so elongated as

to be vermiform, or, on the contrary, it may be extraordinarily short

an.d bulky. Unpaired fins occur dorsally and ventrally upon the tail,

and on the dorsal side of the body. Usually two pairs of rather feeble,

flattened limbs are present ; sometimes the posterior, or even both

pairs, are wanting. It is characteristic of the Fish that the hind limbs,

the pelvic fins, have often moved far forwards
;
close, or even anterior

to, the fore limbs or pectoral fins.

The somewhat thin epidermis, as already mentioned, has no

stratum corneum
;
goblet cells are often present, and their

secretion imparts to the skin its slimy character. The dermis often

contains ossifications, of which the best known are the so-called

scales, thin, boii}^ plates lying in cavities of the dermis; they an'

\v ^ Fig. 295. Diagrammatic
jriT? section of the skin of a Teleos-

w/ff tean, to show the scales. '

i I dermis, e epidermis, s scale.-
,,;;/'// Orig.

often so loosely connected with the latter, and lie so close to the surface,

covered only by a thin connective tissue sheath and the epidermis,

that they are easily loosened by the movements of the animal ami

fall off. They are usually imbricate, the overlapping edge beiug

posterior, and are then regularly arranged in rows. Cycloid
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aud ctenoid scales are distinguished ; in the latter the posterior

edge is finely denticulate. Scales^ which are especially frequent in

the Teleostei, are simply one form of dermal ossification^ and are

not sharply demarcated from others, bony plates, scutes, spines, etc.,

which are present in many Fish. The p 1 a c o i d scales (dermal

denticles) covering the whole surface of many Selachians, and

present also in various other Pisces, are entirety different. They are

identical in structure and development with the buccal teeth, consisting

of dentine and enamel formed in the ordinary way ;
they do not lie

in the dermis, as do most dermal ossifications,* but their upper

portion projects from the skin
;
they fall out and are replaced, whilst

dermal ossifications usually grow with the growth of the animal, and

are neither deciduous nor successional. The form of these dermal

teeth varies, sometimes they have many points
;

usually they are

small, but may reach a considerable size. In those Teleostei and

Ganoidei which possess dermal denticles, their lower end is usually

connected with the dermal ossifications.

f

The unpaired fins are folds of skin usually supported by
hard parts. At a certain stage in development, frequently even in

the newly-hatched animal, more often during embryonic life, the

unpaired fins are represented by a continuous fold, which runs

medianly along the dorsal surface of the body and tail, round its

tip and ventral side, along part of the body. In certain cases, this

ridge remains undivided throughout life, but the ventral portion in

front of the anus always disappears
;

usually, however, it breaks
into three or more sections, of which those on the dorsal surface

are termed dorsal fins; that round the tail, the caudal fin;
and those ventral to the tail, anal fins. When fully developed,
hard portions, the so-called fin rays, are generally present. In
the Selachians, " horny rays "X occur

;
horny, elastic, structureless

fibres, stretching from the base of the fin to the edge
;
they lie in

several layers in each fin, which is stiff and incapable of folding,

§

Instead of these, there are in the unpaired fins of Ganoids, Dipnoans,
and Teleosteans, a series of rod-like dermal ossifications, the b o n 3-

rays, which lie as supports within the fin. Of such rays, two chief
forms may be distinguished, soft rays and spinose rays,
between which there are, however, intermediate forms. A soft ray

* Not infrequently, however, the true dermal ossifications have a large surface,
or a projecting point, bare.

t The fine tooth-like points along the hind border of the ctenoid scales, which are
merely special portions of these, are not to be confounded with the dermal denticles.

X The name is not a very happy one, since it is here applied to parts which develop
in connective tissue, and are entirely distinct from the true horny structures of
Vertebrata.

§ A series of cartilaginous rays occurs in the Cyclostome fin.
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Fig. 296. Portion of a fin

(s), and
t inter-

is a bony rod, which is jointed, i.e., is divided transver.sely into a
number of short pieces connected by connective ti.ssue

; moreover,
it is more or less deeply split at its apex into several branches^
which are also jointed. Some, however, do not show this splitting'
and in others (Fig. 296 w') the jointing is limited to the tip of

the ray, or is absent altogether. Each
soft ray consists of two symmetrical halves,

closely apposed, and corresponding the
one with the other. The spinose rays are
stiff, pointed, unsegmented bony rods

;

they also are composed of two halves,

which are either closely connected or fused.

Intermediate forms also occur, which,
though not jointed, are yet flexible. Whilst
soft rays are present in all Pisces, and
especiall}^ in those with bony rays, the

spinose rays only occur in some of them,
and then are almost invariably confined to

the front of the fin
; they are absent from

the caudal fin. The bony rays are capable

of depression and erection, the membrane
being folded together and then expanded.

Sometimes the skin is absent from several successive rays (free

rays). For the endoskeleton connected with the unjDaired fins,

interspinal bones, etc., see below. Along the edge of the limbs, the

pectoral and pelvic fins, Avhich are usually very short,

there is a fin b o r d e r which is of similar structure to that of the

unpaired fiu, furnished in the Selachians with horny rays,"^ in Ganoids,^

Dipnoans, and Teleosteans with bony rays (soft or spinose). Spiny

rays are very rarely present in the pectoral, but are more abundant

anteriorly in the pelvic fin, and in this case occur also in dorsal and

anal fins. For the sense organs of the skin (lateral line, etc.), see

below.

Phosplioresceut orgaus occiu' in some Fishes
;
they are pecuharly

modified portions of skin which look like larger or smaller spots ; their struetiu-e

is as yet not quite understood. Such organs are fairly common in the Deep-sea

Fish, but are also present in some pelagic forms.

J n many Pisces (Cyclostomes and Selachians), the skeleton,
with the exception of the notochord, consists entirely of cartilage,

which is, however, usually to some extent calcified, i.e., calcareous

salts are absorbed by the intercellular substance ; in others (Granoidei,

Dipnoi, Teleostei), the cartilage which originally forms the Avhole

with spiny rays
soft rays {w w')

;

spinal bones ; diagrrammatic.

—

Orig.

* The edge of the fin and the horny rays are specially well developed in the paired

fins of the Sharks. In the Rajidaj, on the other hand, the cartilaginous rays belonging

to the limb skeletons to bo mentioned below, reach almost to the edge of the fin, and

in connection with this the horny rays in the pectoi-al and pelvic fins are little

developed, or altogether absent.
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skeleton, is more or less completely replaced by true bone. Tlie

vertebral column (Fig. 298), is not infrequently represented
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(in the Cyclostomes, some Selachians, Dipnoans, and cartilaginous
banoids) by a continuous tube of cartilage or connective tissue which
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C

surrounds tlie chorda, is not divided into vertebrge, and carries the
upper arches (the arches may even be absent, e.g., the Hag-fish
Myxine). Usually, however, this tube is broken up into a number of
pieces, the vertebrae, united by connective tissue. The vertebrae

are short tubular bodies, thickened so that
the lumen is narrowed centrally and thinner
at each end, where there are concavities,

connected with each other by a small median
opening (like that of an hour-glass) : they are,

therefore, biconcave (amiDhicoelous) ver-

tebra. They surround the notochord which
is much constricted intravertebrally, so that
it resembles a string of beads. In some
Sharks, in which the vertebral column is

not divided into vertebrae, the intravertebral

constrictions are already indicated by ring-

like thickenings on the inner side of the

continuous cartilaginous sheath (Fig. 298 B).

Dorsally, each vertebra usually bears a

neural arch* which is often produced
into a neural spine

;
often, also, on the trunk

vertebriB, there are transverse pro-
down at the beginning of the tail to form

the haemal arches, united just as are the dorsal ones. In the

Selachians the vertebrae consist of cartilage often partially calcified;

in the bony Granoids and Teleosteans they consist entirely of bone
;

or partly of bone, partly of cartilage.

The part of the vertebral column at the end of the tail, and its

relation to the caudal fin, deserves special consideration. In a small

number of Fish (Cyclostomi, Dipnoi) the hinder end of the vertebral

column is straight and there is an almost equal portion of the tail fin

above and below it, the upper portion being congruent with the lower
;

the tail is then said to be dip hy cereal. In most Fish, on the

other hand, the posterior vertebras turn upwards; the lower portion of

the fin is then usually better developed than the upper, and the tail

is called heterocercal. In most Sharks, the cartilaginous

Ganoids and Lepidosteus, this condition is very evident. In the

Teleostei (Fig. 299 D) it also obtains, but the turned up

portion consists, not of separate vertebras, but of a single bony or

cartilaginous piecet surrounding the end of the notochord, and often

uniting with the last or last few lower arches, to form the most

Pig. 298. Longitudinal

sections through the verte-
bral column of various

Fish ; schematic. In A and
B a continuous cartilaginous

tube is still present, in C
this is divided into centra

(?i), g boundary of two
centra, ch notochord.—Orig.

cesses, which bend

* The spaces between the arches are filled in by cartilaginous intercalaria in

Selachians and the cartilaginous Ganoids, and thus the tube round the spinal cord is

completed.

t In some Teleostei (Fig. 299 0) the curved portion is longer, and includes several

vertebrae besides the rod-like part.
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posterior joint of the vertebral column; below this aiDparently last

joint, there is usually a portion supported by rays, and almost

congruent witli its upper portion, so that the tail appears to be

diphycercal; this is termed a homocercal tail. As a matter of

fact, however, it is just like the heterocercal, since the end of the

vertebral column is bent upwards, and the dorsal portion of the fin

is smaller than the ventral {see Fig. 299 D). In many, actually

heterocercal, forms, in which a great length of the vertebral column

is bent up, there is an approach to the same structure; since the

end of the tail, as regards the exterior, is divided into two almost

equal portions : a dorsal, into which the vertebral column is pro-

longed, and a ventral, consisting exclusively of rays (Fig. 299 A, B).

B

Fig. 299. End of the tail of various Fish : A Sturgeon, B Pike, C Salmon,
D Cod. li vertebral column, hf bent up termination of the same, ci upper arch, < neural

«pine, n lower arch, n' last lower arch, united with h' . In C the bent portion of the

vertebral column is still fairly well developed (it is enclosed between the two halves of the

caudal fin rays of which the left are removed in the figure), in D, which represents the iisual

Teleostean condition, it is on the contrary very small.—Partly original, partly a copy.

In the embryo, and in many cases also, in the newly-hatched animal

(Teleostei), the notochord is for some time a straight rod; later the

posterior end bends up, and is relatively much larger than in the

adult.

Well developed, bony, or partly ossified ribs are attached to the

transverse processes of the trunk vertebrae in most Ganoids, Teleo-

steans, and Dipnoans ; in the Selachians the ribs are wanting or

very short; they are absent also from the Cyclostomes. There is
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no sternum and the ribs do not meet ventrally. The dorsal and anal
fins of Selachians are each supported by a laminate skeleton extend-
ing, on the one hand, into the base of the fin, and on the other,

between lateral myotomes of the trunk and tail. Each consists of a
number of cartilaginous pieces arranged like the skeleton of the
pectoral and pelvic fins. In Ganoids, Dipnoans, and Teleosteans, it

is replaced by the i n t e r s p i n o u s processes, usually dagger-like
bones, lying between the muscle plates, and united with the neural
spines; or, on the ventral side of the tail, Avith the ha3mal spines

by connective tissue : the interspinous bones which do not extend into

the fin bear each a single movably articulated ray. A pair of short

bones is usually intercalated between the ray and the interspinal.

The caudal fin is attached directly to the upper and lower arches

which are partly separated from the vertebra; at the hinder end of

the tail.

The skull in Cyclostomes and Selachians is entirely carti-
laginous, but in the latter is frequently calcified on the surface

;

in the cartilaginous Ganoids also there is a similar thick-walled

cartilaginous capsule, but here it is partly covered with membrane
bones; in bony Ganoidei, Dipnoi and Teleostei, it consists originally

of cartilage, which is later not merely covered by membrane bones

but is also partly ossified, i.e., replaced by bone; although some,

often a considerable portion, of the cartilage is retained throughout

life. The base of the skull, where it comes in contact with the spinal

column, is usually hollowed like a vertebra ; and on either side of

the foramen magnum, there is often an articular surface, which

corresponds with a similar one on the first vertebra. The eye lies in

a lateral cavity protected above by a roof-like projection of the skull,

which, in most Teleostei, is compressed between the eyes to a thin

cartilaginous or membranous partition, with the cranial cavity

prolonged as a narrow canal for the olfactory lobes above it. There

is a pair of smaller cavities anteriorly for the olfactory organs.

In the Teleostei, and in the bony Ganoids as a whole, the skull consists of a

larger or smaller amount of cartilage and a number of separate bones. The

cartilage bones (formed by ossification of the cai-tilage) are : fom- occipitals
(b a s i - , s u p r a - , and two ex-occipitals);of which all four, or the fii-st and

the last two alone, bound the foramen magnum ; in the region of the labyrinth

the most important is the petrosal or prootic, there are in addition

the e p i o t i c and opisthotic; in the basal and lateral regions in front of

the parts just mentioned are the sphenoids (ali-, orbito-, and b a s i

-

sphenoid); dorsal ossifications anterior and posterior to the orbit of each

side, the pre- and post f rentals; one or tAvo ossifications at the anterior

end of the cartilaginous skull, the e t h m o i d s . The following ai-e membrane
bones: dorsal and anterior, a pair of nasals; then a pair of f r o n t a 1 s (some-

times united, e.g., in the Cod) behind these again a pair of pari eta Is, lateral to

which on each side is a squamosal; ventrally a long flat unpaired bone

which covers the gi-eater part of the floor of the skiill, the p a r a s p h e n o i d

;

and anterior to this the similarly azygos vomer. Besides these, othei-s
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may be present but are less constant. In the Dipnoi some of these bones

occiu- but cai-tilage persists to a large extent. In the cartilaginous Ganoids,

as ah-eady mentioned, only membrane bones are found, among them a parasphenoid,

frontals, parietals, and several smaller bones dorsally.

A B

Fig. 300. Skull of a Perch, A dorsal, B ventral. 1 frontal, 2 prefrontal, 5

ethmoid, 4 postfrontal, 5 basioccipital, 6 parasphenoid, 7 parietal, 8 supraoocipital, 9 epiotic,

10 exoccipital, 11, prootic, 12 squamosal, 13 opisthotic, 14 alisphenoid, 16 vomer.—After

Cuvier and Valenciennes.

The dorsal membrane bones of the head are in many Fish very superficial in

position, covered only by a thin layer of connective tissue and epidei-mis (Stui-geon,

bony Ganoids, many Teleosteans) ; in others, the overlying connective tissue is

thicker.

A large number of visceral arclies^ usually seven pairs,

occasionally" more (some Sharks), are suspended from, or situated

near to, the skull. The members of the first pair are united ventrally,

whilst the others are attached to a series of unpaired, cartilaginous,

or bony pieces (basibranchials). The most anterior, the

mandibular arch, consists, in the Sharks, of an upper and a

lower cartilaginous piece; the former, which is connected in front

with the corresponding one of the other side, is termed the p a 1 a t o -

quadrate, or less happily, the upper jaw; the latter, the

mandibular cartilage, or lower jaw. The two portions are

jointed together. The mandibular arch, the best developed, is loosely

connected with the skull in the Sharks, and forms the framework of

the mouth. The second, the hyoid, is similarly divided into two
parts ; the upper is fastened to the skull above, whilst its lower end is

attached by connective tissue to the mandibular. The other

* The Cyclostomi are excluded from this description of the viscei'al arches. The
arrangements in this group are much modified and difficult to understand.
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five (occasionally six or seven) arches, the branchial arches,
are each divided into several pieces, and bear on their outer borders
delicate cartilaginous rays (removed in Fig. 301), which support
the septa between the gill-clefts; similar rays are also present on the

c

B

Fig. 301. A skull and visceral arches of a Shark, B the same of a Pike; the
sirches are in part artificially separated

;
preniaxiUa and maxilla separated in B. Fii-st arch

dotted, second shaded : bi'i

—

br^ first to fifth branchial bars (third—seventh visceral arches),

c basibranfiliials, d dentary, g palato-qnadrate, gb palatine, hm upper portion of the liyoid

arch (in B hyomandibular), h rest of the same, k mandible, o orbit, g quadrate, s symplectic,
V— I'" pterygoids {v ecto-, v' endo-, v" metapterygoid).—Orig.

hyoid) In the Ganoidei, Dipnoi, and Teleostei, there

are also seven visceral arches. The upper portion of the man-
dibular arch, the palato-quadrate, meets its fellow of the other

side in the cartilaginous Ganoids, whilst in all others it

remains distinct. This portion is intimately connected below, Avith

the lower end of the upper portion of the hyoid arch, which is

* As regards visceral arches, the Rays, on the whole, resemble the Sharks, but
the hyoid sho-ws certain peculiarities, which cannot be gone into more closely here. In

many Sharks there are anteriorly, close to the gill-bars of each side, a pair of feebly-

developed cartilaginous bars (the labial cartilages)^ which may perhaps be regarded as

rudimentary first visceral arches.
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articulated above Avitli the skull, and thus serves as suspensorium

for the mandibular, which, therefore, possesses no direct connec-

tion with the skull. This connection of the upper portions of

the mandibular and hyoid arches is specially close in the Teleosteans

and bony Granoids, forming a continuous whole, in which the cartilage

is, for the most part, replaced by bone; it is less evident in the

cartilaginous Granoids, although here, also, the two portions are

closely connected (for the Dipnoi, see below) : the mandibular
cartilage, Avhich is now, however, more or less replaced and covered by

bone, and the hyoid, which is likewise more or less ossified, are

attached at the same point. Of the five branchial arches
which are usually partly ossified, or covered by bony plates, the last

is very short in the bony Granoids and Teleosteans, the lowest joint

alone being present. The last branchial bars, which usually carry

numerous teeth, are termed the inferior pharyngeal bones.
The uppermost joints of some of the other gill-bars are toothed in a

similar way, and are called the superior pharyngeal bones.

Fig. 302. Skull of a Cod. h—li' skull, hy hyomandibular, hy' lower portion of tlie
hyoid, to interoperculum (see p. 374), I quadrate, m premaxiUa, o (left) maxilla, o (right)
operculiim, p pterygoid, pr preoperculum, s suborbitals, so suboperculum, st branchi ostegal
rays, (p. 374), t basibranchials, u mandible.

In the Teleostei, the upper portion of the mandibular arch is

represented by the following bones : below and behind by the quadrate, with
articular surfaces for the mandible ; then by several bones, which are termed
pterygoids; and anteriorly, by the palatine. The lower portion of
the mandibular arch is a cartilage, the upper end of which is ossified and bears
articular facets, whilst the rest is a thin cartilaginous rod (Meckel's
cartilage), suiTOunded by membrane bones, of which the most important
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is the large dentigerous den tale, wliich meets its fellow of the other side

anteriorly. The \ipper portion of the hyoid, which is united with the

corresponding part of the mandibular arch, is represented by two bones; ;i

large one, the h y o m a n d i b u 1 a r , articulated with the skull, and a smaller,

lower ossification, the symplectic. For the membrane bones connected with

the hyoid, see below, under the gill appai-atus.

In the Dipnoi, the upper poi-tions of the mandibular and hyoid arches ai-e

concrescent, and partly ossified, thus possessing so far, the same relations as in

the Teleostei ; the arcade thus formed is, however, connected immovably with

the skull.

In the (t a n o i d s and Teleosteans, two membrane hones

arise anteriorly on either side of the head, quite independent of the

visceral arches : an intermaxilla or premaxilla, and a

maxilla, which is sometimes represented by several bones, and

is situated behind, or behind and within, the former ; the jDremaxillae

.are connected in the midline, and with the maxillse, are usually

somewhat loosely connected to the anterior end of the skull, forming

the upper margin of the mouth, whilst the bones lying upon the

mandibular cartilage form the lower edge.

The shoulder girdle is, in the Selachians, an unpaired

cartilaginous arch, sometimes divided into two pieces,which lies behind

Fig. 303. Shoulder girdle and f o r e li m b of a P e r c h . a', a", b, c, mem-

brane bones (b clavicle), e, f the actual shoulder girdle (e scapula,/ coracoid), g racUalia,

h fin rays.

the gill bars, and reaches up on to the side of the head. In the

Ganoids and Teleosteans it is divided into two halves, one on

either side of the body, and closely united to each part is a series of

membrane bones, of which the largest is a long, flattened, somewhat
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arched bone, tlie clavicle. This series of bones is fastened above

to the hinder end of the skull. In the Chondrostei the cartilage of

the shoulder girdle is always very well developed in spite of the

presence of membrane bones ; in the Holostei, and the Teleostei, the

original part of the shoulder girdle is usually much reduced in size,

and is represented only by a small plate, attached to each clavicle.

In the Teleosteans two ossifications are present in this plate, the

scapula and c o r a c o i d . In the Dipnoi relations similar to

those of the Chondrosfcei obtain. The skeleton of the fore limb
consists, in the Selachians, of a number of flattened cartilages:

at the base of the limb are three large ones articulated to the

shoulder girdle, the b a s ali a, and to the edge of these is attached a

larger number of jointed cartilaginous rays, the radialia. These

lie close together in the Sharks, but in the Rays, where they are very

long, they are somewhat further apart. In the Ganoids this

skeleton is reduced in size, the radialia are shorter, the basalia

A B G D

Fig. 304. Skeleton of fore limbs of A Shark, B Polypterus, 0 Amia (a Ganoid), D Cod.
a, h, c basalia (b' ossification in b), r radialia, st fin rays (not all drawn).—Chiefly after
GegenbauT.

usually less well developed, or partly absent; there is often an
ossification of some parts. In the Teleostei the original

skeletogenous supporting pieces are very small, the fin-border

preponderating; the basalia are absent; tlie radialia are short and
few in number : they occur only as a transverse row of four, or fewer,
short rods, attaching the fin to the shoulder girdle, they are partly
ossified, and have been incorrectly termed "carpals"; a few short
cartilaginous pieces may also be present. The Dipnoi are very
different ; there is a median, long, jointed, cartilaginous bar, bearing, in
the genus Ceratodus, two series, in Protopterus, a single row only, of
cartilaginous, jointed rays. (In Lepidosiren, the radialia are entirely
wanting)

.
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The pelvis, Avliich is not connected with the vertebral column
in Fish, is, in the Selachians, an unpaired transverse ventral cartilage
In the Dipnoi, too, it is an unjointed cartilaginous plate. In the
Ganoids and Teleosteans it is divided into two halves, closely apposed
to one another, and except in the Chondrostei it is partially, or entirely,
ossified. The hind limb closely resembles the fore limb in
structure

;
in the Selachians there are two large basalia provided with

radialia
;

in the Ganoids the basalia are degenerate or absent •

this is also the case in the Teleostei, in which the skeleton of the hind
limb is represented by a few short radialia only, it is even less
developed than the fore limb. In the Dipnoi the conditions are
the same for both bind and fore limbs.

The muscular system is distinguished by the feeble condi-
tion of the limb muscles, as compared with the powerful development
of the trunk and tail musculature, which extends along the whole
length of the body in the form of four large muscle plates, two on
each side. Each of these is broken up, by transverse septa
(myocommata), into a series of short segments, corresponding to the
vertebra in number (myomeres) : in the dorsal muscles, and the
caudal portions of the ventral muscles, the septa are bent in a
peculiar way. In these muscles there are in many Fish numerous
fine rib-like bones, the epipleurals, which are attached at one end
to the ribs or to the vertebrge. They are ossifications in the
myocommata and serve as supports to the muscles.

The electric organs present in many Pisces generate electricity, wMcli
can be discharged at will : for instance, when the animal is canglit. The
essential elements of these organs are plates, modified muscle fibres, for

the entire organ is a modified miiscle : it is richly suiDphed with nei-ves, and
fibres enter each plate and branch freely on one side. The plates are bound
together by connective tissue; the organ is frequently composed of closely

apposed columns, each of which consists of a number of plates. The electric

organs he in different regions of the body in different Fish ; the most powerful

apparatus is that of the Electric Skate
(
Torpedo), of the Sheath-fish or

Thunderer {Malapterurus), and of the Electric Eel {Gymnotus) ; but

feebler organs also occm' in some other forms, e.g., in oiu' native Skates (JRaja),

where they are elongate spindles lying one on either side of the tail.

The brain of Pisces is of small size, and does not fill the

cranial cavity, which is chiefly occupied by the dura mater, a

membrane of considerable thickness, consisting chiefly of adipose

tissue. The olfactory lobes are usually large, and often of

considerable length, since the olfactory organ lies anteriorly, far

away from the brain. In many Teleostei, the fore brain is very

small, smaller than the mid brain ; the hind brain, on the other

hand, is usually very well developed.

The olfactory organs generally occur at the anterior end

of the head, as a pair of pits whose mucous membrane is usually in

radial folds. The opening of each pit is single in many forms (some
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Teleosteans, Selachians) ; in others, a transverse membranous bridge,

varying in width, divides the opening into two, anterior and jDOsterior

nares, of which the anterior may occasionally be drawn out into a

narrow tube ; in many Selachians, this bridge is only represented by

a flap, arising from one side, and overlying the aperture without being

attached to the other.

In the Dipnoi, the nasal openings are peculiar, in that both lie within the

edge of the upper hp. In the Oyclostomes, the two olfactory pits are

united to form a deep unpaired tubular sac, the floor of which hes closely upon
the roof of the mouth ; in Myxine, it perforates the roof of the mouth,

and consists of a tube open at both ends, connecting the oral cavity -ndth the

exterior.

Taste buds, as already mentioned (p. 21), are present in

many Fish (Teleostei), not only in the mouth, but scattered over the

surface of the body.

Groups of peculiar sense-organs occur in connection with the

skin
;
they consist of modified epidermal cells, some of which bear

sensory hairs ; and are thus not unlike taste-buds, from which, how-
ever, they differ in form. These sensory papillas are supplied

with nerves, and may lie free upon the surface of the body {e.g.,

in most Teleostei), in which case they often bear a cylindrical tube,

a cuticular structure, which surrounds and protects the hairs

(Fig. 305 r) . In other cases, those portions of the skin to which they

belong, have sunk in to form small sacs, opening to the exterior

(Ganoids) ; or the sacs have become
long tubes filled with mucus, running

below the skin, provided at one end

with an expansion in which the sensory

cells lie, whilst at the other, they

open to the surface (on the head in

Selachians). Further, similar groups

of cells are present in the lateral
line which occurs in most Fish.

This is a narrow tube (an invagination

of the skin), lying close below the

surface, and extending along each
side of the body. It usually divides

into several branches on the head,

one branch running over the summit
of the head, another above the eye,

a third below the eye—both the

latter reaching the snout—a fourth along the lower jaw. The
lateral line is richly supplied with nerves, and communicates
with the exterior by a number of openings; sometimes, indeed,
it is a partially open groove ; in many Teleostei, it runs along
the side of the body and tail through a series of perforated

Fig. 305. Sensory papilla of
a young Teleostean. r the tube, s cells
bearing hairs.—After P. E. Schultze.

B B
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scales;^ ou tlio head tliey are partly enclosed by special, tubular,

membrane bones, of which there is, for instance, usually a series

below the eye (Fig. 302 s), partly surrounded by the ordinary bones
of the head.

The eyes of Fish are, as a rule, relatively large. The lens

is spherical. Movable eyelids are absent; but the eye is often

surrounded by a low circular ridge of skin, and in some species by
larger, but immovable folds; in the Mackrel and the Herring, for

instance, there is a transparent fold in front of, and behind, the eye,

which partly covers it.

The scelerotic usvially consists of an outer connective tissue layer, and
au inner cartilaginous layer, varying in thickness (veiy thick, e.g., in the
Sturgeon) : in the Teleostei the cartilage, in the vicinity of the cornea, is partly

replaced by two bony plates, vfhich sometimes attain a considerable importance,

and may unite to form a ring. The choroid consists of several layers

:

usually there is an external lustrous, tunica argentea, a thin coat of con-

nective, tissue, with an abundant deposit of ciystals ; the tapetum lucidum, a
membrane with a metallic lustre, whose cells are filled with ciystals, occm-s in

Selachii, and Chondrostei, though it is absent from other forms. In the Teleostei

there is iisually a so-called choroid gland in the choroid coat : it is a large

horseshoe-shaped rete mirabile near the optic nei-ve ; this gi-oup usually possesses

also a fvocessus falciformis, a low fold of the choroid, which nms along the

inner side of the optic bulb, from the entrance of the optic nerve to the lens. In

certain Squalidse there is a nictitating membrane, which can be drawn
over the eye by a special muscle.

The auditory organ is only represented by the membranous

labyrinth, which is enclosed in the lateral wall of the skull
;
within,

towards the cranial capsule, the labyrinth is often not completely

sui'rounded by cartilage or bone, but is simply separated from the

brain-cavity by connective tissue. In the Selachians, the cavity

of the labyrinth opens to the exterior at the surface of the head

by a canal, the ductus endolym-phaticus ; in others this canal is

present, but closed at its outer end. In the Teleostei and bony

Ganoids, a large flattened otolith is present in the sacculus, a

smaller one in the evagination from the sacculus, and yet a third

in the anterior portion of the utriculus. In some Fish these are

replaced by bundles of delicate crystals, or by rounded bodies.

The labyrinth is in a reduced condition in the Cyclostomes, having only

one or two semicircular canals, imlike all other Vertebrata.

The buccal cavity is usually provided with teeth, which in

Selachians,t are situated upon the palato-quadrate and mandibular

cartilages ; in the Holostei and Teleostei upon a number of difPerent

bones : on the premaxilla, maxilla, and mandible, the palatine and

* The meaning of this is, of course, that the scales in question have developed

round the tube after it was formed.

t Besides the well-developed teeth of the jaws, the Selachians often possess

numerous minute teeth on other parts of the waU of the mouth, on its roof and

floor, and on the gill bars.
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pterygoid, tlie branchial bars (especially the superior and inferior

pharyngeal bones), the basibranchials of the visceral skeleton, and

the vomer ;
they may, however, be wanting from one or other of

these bones. The teeth are of somewhat diverse foi-m : most often

pointed, conical, slightly curved, and more or less powerful ; in other

cases they are low, rounded, grinding teeth (Eajidte, certain Teleostei)

;

or compressed and triangular (Squalidfe) ; or chisel-shaped, resem-

bling the incisors of Man (teeth on the premaxilla and mandible

of certain Teleosteans) . Yery often they are extremely numerous,

covering the bones like a mosaic ; on the jaw there is frequently

only a single row of teeth, or a row of larger, outside a row of

smaller, denticles. They are either attached to the subjacent bone

by connective tissue, and then often partly movable, or they are

implanted in bony sockets. They are renewed throughout the whole

life, the old teeth fall out as the connection between them and the

cartilage or bone gives way, or if a socket is present this is absorbed.

The usual conical, piscine teeth are chiefly prehensile, and the points

are therefore turned backwards and inwards
;
they are movable so

that the point may assume another position. Teeth of other forms
are used for biting or masticating the food.

The oesophagus is so short and wide that the mouth passes almost

directly into the stomach. In most Teleosteans a varying number of

short, blind, glandular sacs (1—100), the appendices pyloricce, open
into the anterior part of the small intestine, close to the stomach. In
Cyclostomes, Selachians, and Ganoids, there is a spiral valve in

the small intestine, a large projecting fold, attached to the inner
side of the gut, and almost filling up its cavity it is absent from the
Teleosteans. The large intestine is quite a short tube.

Fig. 306. A fish with pectoral anus (Sternarchus curvirostris). A lateral view B
ventral view of head end. a anus, o mouth.—After Boulenger.

In some Fish (e.g., the Plaice), the anus does not he at the boundary of trimk
and tail, as in all higher Yertebrata, but has moved foi-wards, sometimes even far on
to the tiimk. The anal fin in such cases foUows the anus, and usually takes up
Its position close behind it.

stra*ilfwT?i^;i^
some Squalid^ the fold springs from the gut-waU in an almoststraight line, it is then broad and rolled like a piece of paper.

B B 2
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The branchial apparatus. Ib Selachians the wall

of the buccal-cavity is perforated posteriorly, by five, rarely six or

seven, large oblique slits on either side; they lie in close succession.

Fig. 307. Hoi-izontal section

through the head of a Shark
(Acanihias) : diagrammatic. The
visceral arches are dotted, the

gill lamellsB shaded, br^, br-^,

br^ first, third, and fifth gill

bars, c septum, g upper poi-tion

of the first visceral arch (palato-

quadrate cartilage), h hyoid

arch, k body wall, I body cavity,

m oral cavity, n olfactory pit,

ce oesophagus, .s gill rakers

(straining apparatus), spj first,

sps fifth gill cleft.—Orig.

Fig. 308. Horizontal section

through the head of a Teleostean

(Cod), dorsal to the mouth:

somewhat diagrammatic. Let-

ters as in Fig. 307. with the

exception of : g upper portion

of the first visceral arch (here

ossified), op operculum, sp ex-

ternal aperture of the branchial

cavities.—Orig.



Class 2. Pisces. 373

and are separated "by perpendicular plates. A gill bar lies at the

inner or oral edge of each of these septa, which for the rest, is spread

out by the cartilaginous rays arising from the bar {see p. 364). The

outer opening of the cleft or branchial pouch is smaller than

the inner; the first lies between the hyoid and the first branchial

arch, those following between arches one and two, two and three,

three and four, four and five, respectively. On both anterior and

posterior walls, but in the last gill pouch only on the anterior, is a

vertical row of flat, horizontal membranous folds, arranged one above

the other ; these are the gill lamellaa. Thus the Selachians
usually possess nine rows of lamellae on each side, the first on the

posterior side of the hyoid, the other eight on the anterior and

posterior sides of the first four gill bars. Each lamella is again beset

with fine transverse folds. Besides these five gill pouches there is in

most of the Selachians an anterior tubular pouch, the spiracle,
between the upper portions of the hyoid and mandibular arches ; it

may contain a rudimentary series of gill lamellae, and it opens to the

exterior, by a relatively small aperture on the surface of the head.

The Cyclostomes resemble the Selachians in the most important

respects ; the gill pouches, however, are tubular with a median enlarge-

ment ; both internal and external openings are small; the lamellge

are situated in the widened part. The relations of the gill apparatus

A B C D E

Fig. 309. Transverse section of agill arch in various Fish. 4 Shark B
ChimaBra (see p. 384), 0 Sturgeon, i)—£? different Teleosteans; diagi-amma'tic.
0 gill bar, c septum, s gill rakers. Gill lamellsB shaded.—Orig.

in G-anoidei, Dipnoi, and Teleostei, differ considerably
from those of the Selachii. In all these groups the five external
openings of the gill slits are covered by the operculum, a strong
membrane arising from the hyoid, and supported by bony plates and
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rods. The septa between the gill clefts have become narrower, espe-
cially in the Teleostei, whilst iu the Selachians they are broad plates,
not completely covered by gill lamella3, so that there is a free edge
externally; this is absent from the group just mentioned, and the
outer ends of the gill-lamellas project to a certain extent over the
outer margin of the septum : this is the case in the Teleosteans,
where the narrow, pointed laminas usually arise by a short basa!
portion from the much reduced septum. In these groups the tAvo
series of laminae belonging to one gill-bar constitute a gill, of
which four pairs are present ; the cavity within the operculum, into
which the gills project, is called the branchial chamber' In
Ganoids, and Dipnoans, a series of gill-lamellae is often still present on
the posterior side of the hyoid, within the operculum, the o p e r c u 1 a r
gill; whilst it is rudimentary, or wanting in the Teleostei : the
spiracle is also retained in the Sturgeon and Polypterus.

The operculum is attached to the hyoid, and contains flat and rod-like
membrane bones (Fig. 320). In the Teleostei, along the posterior edge
of the upper portion of the hyoid, is a long bone, the p r e o p er c nl nm.
behind this are thi-ee large flat ones, operculum, sub- and inter-
operculum; and from the lower portion of the hyoid, arises a series of
thin cm-ved pieces, the branchiostegal rays, embedded in the lower
membranous portion of the operculum. The external opening of the branchial
chamber is usually a large sht, in some Fish {e.g., the Eel), however, the hinder
border of the operculum is concrescent with the body to such a laa-ge extent, that
only a small lateral apertm-e remains.

In most Pisces, water enters the buccal-cavity through the

mouth, which is then closed, whilst the tongue is raised, and the

operculum pressed in, so that the water is driven through the gill-

slits over the gill lamellae. Jn the Selachians, the water is

taken in, not by the mouth, but by the spiracle. In the Cyclo-
s tomes, it is generally both received and ejected by the external

branchial aperture. At the inner edge of the gill-bars is a more or

less well-developed straining apparatus, the gill-rakers,

whose function is to prevent the solid bodies, which enter the

oral-cavity with the water, from passing into the gill-sacs or

branchial chamber. In the Selachians, the Dipnoans, and the

cartilaginous Ganoids, this apparatus usually consists of a double

series (single on the hyoid and the last gill-arch) of cartilaginous

rods, on the inner edge of the gill-arch ; the rods of the anterior

rows on each arch dovetail with those of the posterior row on the

preceding bar. In the Teleostei they are often replaced by bony

outgrowths, which may be dentigerous ; the anterior series of the

first gill-arch is often composed of very long rods, projecting over

the cleft between the first arch and the hyoid, upon which they do

not occur. For the rest, they are developed to very different extents

in different Teleosteans, in some, e.g., the Hei*ring, very well deve-

loped ; in others, quite insignificant.
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In Cyclostomes and Selachians, structures corresponding- with the

lungs of the higher Vertebrata are wanting. On the other hand,

a true lung, which is not only homologous with that of Amphibia

and others, but is actually functional as a respiratory
organ, occurs in some bony Ganoids {Lepidosieus and Amia),

in the Dipnoans, and also in a few Teleosteans. This lung is

unpaired or incompletely divided into two ; it lies dorsal to the

alimentary canal, and opens by a wide aperture into the cesophagns.

AVithin, it is furnished with folds, just as in the Frog's lung; air

can be inhaled and exhaled through the mouth. These Fish have, in

addition to the lung, gills which also serve as respiratory organs.*

In the rest, a lung is also usually present; it does not act as a

respiratory organ, but rather as hydrostatic apparatus,
and is termed a swim-bladder. The swim-bladder is an

unpaired air-containing sac, often rather thick-walled, and situated

below the vertebral column, dorsal to the alimentary canal ; in many
Fish it communicates with the oesophagust by a long, narrow tube,

the pneumatic duct; in others, such a connection is present

only in the embryo, closing and disappearing later. The swim-

bladder is sometimes incompletely divided into anterior and posterior

portions (Carp) , by a transverse constriction ; or it may be provided

with evaginations. The gas contained in the swim-bladder is not

taken direct from the atmosphere, but is excreted from the vessels

lying in the walls
;
they often form close circumscribed retia mirabilia,

projecting as " red bodies " on the inner side of the bladder.

Many FisH, e.g., the common freshwater forms, in which the air-bladder is not

respiratory, nevertheless come occasionally to the sm-face and gulp in atmospheric

ail- thi'ough the mouth ; this is soon sent out again. It probably has to do vdth

an oral respiration of subordinate importance. In a few Fish in connection

with this, a special respiratory apparatus is developed ; for instance,

in some Silm-oids (Saccobranchus), there is a sac-like evagination on each side of

the oral cavity which serves as a limg. It opens, into the mouth in front of

the first gill-bar, and extends far back into the body ; so also in a kind of Eel
(Amphipnous), an East Indian form, which lives in holes in the ground, and
whose gills are veiy degenerate. In the East Indian Climbing Perch (Anahas),

which often wanders on to land, and has similarly feebly-developed gills, there
are peculiar pleated laminae (suppoi-ted by modified portions of the gill-bars),

which act as respii-atory organs, in the upper part of the branchial chamber.
In others, e.g., the Loach {Cdbitis), intestinal respiration occtu-s

;

air is inhaled through the mouth, and passed on to those paits of the ali-

mentaiy canal, which are specially vascular ; the air which is not absorbed
•escapes from the anus, together with excreted carbonic acid gas.

Many Pisces can produce sounds. The waU of the swim-bladder is made
to vibrate by the action of certain skeletal muscles wliich are appUed to it,

as in the Gm-nard; or paa-ticular bony surfaces may be rubbed against one

* Some Pish can siirvive a drought, during wliich the gills are fimctionless for some
time.

t In some, the pneumatic duct opens further back, into the stomach.
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anotliei-, as in the Siluroids, wliere the bases of well-developed rays may play
against the subjacent bones.

The heart, which is situated anteriorly {.tee Fig. 285 A), is

usually almost bilaterally symmetrical. In Sdlachii, Granoidei,
and Dipnoi, it consists of a large thin-walled auricle; of a
ventricle lying ventral to this, with thick walls of a spongy
nature, owing to the numerous offsets passing into them from the
small cavity; and lastly, of a tubular conns arteriosus, from
the anterior end of which the trunk of the branchial arteries arises,

and in which several rows of membranous watch-pocket valves are

A B c

Fig. 310. Diagrammatic longitudinal section of the heart of different Fish. A of a
Fish with well-developed conns, B of Amia, (7 of a Teleostean ; in B and C the auricle is cut
away. a auricle, b bulbus arteriosus, which is only just indicated in Amia, c conus.

arteriosus, Ic valves, s sinus venosus, t cardiac aorta, v ventricle.—Orig.

situated. All three sections are red, and their walls are furnished

with striated muscle-cells. In the Teleostei, the conus is, as a

rule, quite rudimentary (extremely short and without musculature),

and is provided with but two valves
;
only in a few cases (from the

family of the Herrings) is it somewhat more significant, although still

very short ; and in a single genus {Butirimis) there are two rows

of valves."^ In the Cyclostomes a conus is wanting. In Pisces there

is usually a transverse row of valves between the auricle and

ventricle, and between the sinus venosus {see below) and the auricle.

From the anterior end of the conus, or of the ventricle when the

former is absent, arises a longer or shorter cardiac aorta, which

* In one of the Holostei, Amia, the conus is much shortened, and exhibits only three

rows of valves.
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in the Teleostei, is much swollen, and provided with thick

walls just at the point of origin. This enlargement, the bulb us

arteriosus,* is whitish like the other arteries, and contains

simply smooth muscle-cells, whilst the conus, with which it was

until recently included, is red, and possesses striated muscle-

cells. The cardiac aorta sends a branch to each gill-bearing-

arch; if the opercular gill is well developed, a branch also goes

to this, but not if it is rudimentary. These branches, the

afferent branchial arteries, run from below upwards, along

the hinder edge of the gill-bar, and give to each gill lamella a twig,

which breaks into capillaries. Erom each lamella, there arises, again,

a small vessel, which, with those like it from the same visceral

arch, forms an efferent branchial artery.f This runs near

to the afferent artery, and unites dorsally with the corresponding

vessels from other visceral arches, to form the aorta, which runs

backwards, just beneath the vertebral column, and gives off branches

to various parts of the body. All the veins flow into the sinus
venos us, which opens into the auricle. The blood entering the

heart is thus venous, reaches the gills in this condition, becomes

arterialised there, and thence flows into the arteries.

There is, therefore, a complete separation of arterial, from venous, blood in

Pisces, and the condition of the vascular system accords with the general plan

given on pp. 28, 29. Some Fish, however, which possess other respiratory organs

as well as gills, form an exception, for in them the arterial and venous blood is

more or less mixed. In Lepidostens, for example, the lung receives from the

aorta, arterial blood, to be fm-ther oxydised, whilst the pnlmonaiy veins, which

thus cany blood very rich in oxygen, unite with the large veins, bringing venous

blood from the rest of the body. The heai-t and gills thus receive mixed blood.

In the Dipnoi, where the lung, as in higher Yei-tebrata, receives blood from
the last ai-terial arch (the last efferent branchial vessel), there are special

contrivances to partially remedy the defect, but these are too complicated to be
gone into here.

The piscine kidneys are usually elongate organs, and in many
Teleostei, in which they lie above the swim-bladder close against

the vertebral column, extendj the whole length of the body from
head to tail, and are often united§ behind. In the Selachians and

* A similar swelling is present in Amia, but in no other Pisces excepting the
Teleostei ; whilst in this genus the wall is little thickened.

t These efferent branchial vessels are frequently, but incorrectly termed,
branchial veins, and the afferent vessels simply distinguished as " branchial
arteries." In some Fish, instead of one, two efferent vessels may arise from each gill-

bar.

X The most anterior portion of this long kidney is the persistent pronephros, which
is frequently very large in the adult, but has usually not an excretoxy function.

§. A very interesting modification of the kidney occurs in the male Sea Stickleback
{Spinachia vulgaris), which binds various foreign bocUes together by fine mucous
threads, and thus forms a nest for the eggs. Tlie m u c u s of whicli these threads
consist is manufactvired in the kidneys; some of the gland cells of the
urinary tubules are modified to secrete mucus, and arc of different appearance from the
rest of the cells.
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Dipiioans, the urinary ducts open into the cloaca; in others they unite
and open behind the anus, either together with the gonaducts,
•or by a special aperture behind the genital pore. The last is the case
in most Teleostei, where there are three openings, one behind the
other; first the anus^ then the genital pore, finally the urinary
aperture."^

In the Teleostei the urinary (and the genital) aperture is usually
situated on a small, soft process, the jpajjilla uroyenitalis. The
posterior portion of the urinary duct is usually Avide, and forms
a bladder: in the Selachians a pair of bladders is present ; in

the Teleosteans one only, an expansion of the common portion of the
ducts.

Female genitalia. In Selachians, Ganoid s,t and
Dipnoans, the ovary resembles that of most other A^erte-

brata, and there is a pair of Miillerian ducts, each usually

opening anteriorly into the body-cavity by a funnel^ ; in the

Selachians and Dipnoi they open posteriorly into the cloaca, whilst

in the Ganoids they unite with the excretory duct, and open behind
the anus by an unpaired aperture. In the Selachians there is on
each oviduct a swollen portion with glandular walls, which secrete

the horny capsule, surrounding one or more eggs in most of

these animals. In the Teleostei, Miiller's ducts are altogether

wanting ; the ovaries are hollow and vary in form ; each is

prolonged into a short, tubular duct, which unites with its fellow

of the other side to open behind the anus. The ovary thus displays

relations extremely different from those of all other Yertebrata, but

similar to those occurring in many lower animals, e.g., the Mollusca.

The ova break away from the much-folded inner wall, and fall into

the cavity of the ovary, escaping to the exterior through the duct.

The two ovaries are frequently fused posteriorly {e.g., in the Cod), or

throughout their whole length (as in Zoarces) ; and the duct is then

unpaired. When ripe, in the spawning season, the Teleostean ovaries

are often extremely large.

Only two families differ from the conclition just described. In the Salmon
and the Eel the ovaries are solid, the eggs fall into the body-cavitj', and

escape by an unpaii-ed opening § in the body-wall, behind the amis (porm geni-

talis). The Cyclostomes, which only possess a single ovary, are otherwise

similar to the Salmonidse.

* In some Fish, viz., Selachians, Ganoids, and certain Teleosteans (the Salmon
family) there is in this region, on either side of the anns, a pair of small openings,

the so-called abdominal pores, which perforate the body-wall, and pnt the

body-cavity in communication with the exterior. Their significance is nnkno'WTi.

t With the exception of Lepidosteus, which seems to resemble the Teleostei.

X In the Selachians the Miillerian ducts are united anteriorly, so that there is only

a single funnel for the two. In some Sharks only one ovary is developed.

§ Which is not to be confounded with the abdominal pores mentioned above (*).
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Male genitalia. In the Selachians the spermatozoa

escape by the anterior portion of the kidney, often termed

epididymis; this is in connection with the testis, and the dnct

arising from it unites posteriorly with those from the rest of the

kidney, and serves really as a seminal duct, for the epididymis is

of very slight importance in excretion. In the females, also, this

region is very little developed. In the Ganoids, too, the sperm

makes its way out through the kidney ; numerous transverse canals

run from the testis to the kidney (of which no part is specially

modified), to communicate with the urinaiy tubules.* In the

Teleostei such a connection with the kidney does not occur,

the testis is prolonged directly into a seminal duct,t and like the

ovaries, the ripe testes are tolerably large, elongate, often lobed,

or {e.g., in the Cod), pleated bodies ; the vasa deferentia unite

behind to form an unpaired duct, which has, in some forms,

a special opening behind the anus, in front of the urinary

aperture, whilst in other cases there is a common urino-genital

opening.

In the Cyclostomes, tlie spermatozoa from the impaired testis fall into the

"body-cavity, and escape through an opening of the abdominal wall just as do the

ova.

Copulate ry organs occur in all Selachians, where a portion

of the hind limb in the male, is modified into a somewhat compli-

cated rolled organ (Fig. 314), which is used in copulation (cf. the

copulatory organs of decapod Crustaceans). On the other hand,

copulatory organs are absent from most other Fish, and the sper-

matozoa C'milt") are usually not introduced into the body of the

female, but are poured over, or near to, the eggs when they are laid.

In certain viviparous Teleostei (Anahleps) there is a long process behind

the amis, with the mdno-genital opening at its apex. This process, which

senses as a copulatory organ, is the metamorphosed anal fin, which has

fused with the imno-genital papilla. There are similar organs in some other

viviparous Teleosteans. In all viviparous Fish there must, of coiu'se, be a direct

transference of the spermatozoa from the male to the female, but copulatory

organs are by no means always present.

Not a few Fish display striking sexual dimorphism; in the males
cei-tain fins may be specially well developed, or they may possess a specially

brilliant coloimng. Sometimes (e.g., the Stickleback) the male is distin-

guished by striking coloui-s dm-ing the reproductive season, which disappear

later on. The males are usually smaller than the females {e.g., the Eel).

For hermaphroditism in Fish, see p. 351.

The eggs vary considerably in size (from the size of a pin's head
to that of a Hen's egg and upwards), they are largest in the Selachians,

smaller in the Teleostei, where each is covered by a thin transparent

vitelline membrane sometimes furnished with a micropyle. The eggs

* The arrangement of the seminal ducts of the Dipnoi is not understood,

t The Salmon and the Eel are like the others in this respect.
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of numerous marine forms {e.g., the Cod), float at the surface of
the water ; others are deposited at the bottom ; or are attached
to water plants {e.g., the Herring). In the Selachians they are

enclosed in a horny capsule,

B

B'

which is often flattened and
quadrangular with the

corners drawn out into

threads. Some Fish are

viviparous {e.g., most

Selachians), and develop-

ment takes place in a

widened portion of the

oviduct (uterus), Avhich

is provided with glomerular

vascular folds ; also some

Teleosteans Avhose eggs

develop in the cavity of the

ovary {e.g., the viviparous

Blenny). In some few

forms there is a special

arrangement for the pro-

tection of the eggs and

brood ; the males of the

Stickleback (and of various

other Teleostei) build nests,

in which the eggs are

hatched ; the males of the

ipe-tish carry the eggs and sometimes also the brood about

with them, firmly attached to the abdomen, or enclosed in special

folds of the skin. This is the case also in various Fish occurring

abroad. More rarely the eggs are protected in the same way by

the female.

Fig. 311. Y o i\ n g Pike; A just hatched, B, B'

eleven days old, C and D still older. In A theltail

is still straight, in C and D markedly heteroceral.

a anal fin, c chorda, d dorsal-, p pectoral-, u caudal-

fin, X amis.—After Sundevall.

Fig. 312. L a r V a of a Fish {Trachypterus) which, in the adult, is extraordinarily long,

ribbon-like, and mthout the fin filaments.
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It is quite correct to speak of a in e t a m o r p li o s i s in many

Teleosteans, since the young one leaves tlie egg in a very imperfect

condition, differing much from the adult ; often the caudal extremity

of the vertebral column is still straight ; there is a continuous dorsal

and ventral fin, etc. (Fig. 311 A). It may often happen that the

transition from this state to the adult form is not a simple, gradually

advancing development; but the larva not infrequently displays

special characters for a long time after leaving the egg, which do not

occur in the newly-hatched young, nor in the adult. Especially

in the Pelagic Fauna, abundant large-eyed 'J eleostean larvae are

met with, possessing enormous spines, and fin appendages, struc-

tures which recall those observed in many pelagic crustacean larvae,

e.g., the Crabs (Fig. 312). For the peculiar development of the

Lampreys, see p. 382.

The embryos of Selacliians (Fig. 313) are distinguislied by tbe

possession of a huge yolk sac, and also by the projection from the gill-slits of

mimerons long gill-filaments, processes from the gill-lamellse. These

filaments are embryonic organs, and atrophy before birth.

Most Fish are predaceous, only a few feed upon plants or mud.

The majority are marine, but many are freshwater (some species are

- h

Fig. 313. .4 Ray embryo, B Shark embryo with external gills (k). (i yolk sac (not

completely drawn ; removed in ^).

both) ; a few wander upon land. They often migrate from one

place to another in the sea, or from the sea into fresh water and

back. They usually occur in shoals. Fish make their way through

the water by movements of the whole body, and by lateral movements

of the tail ; the Teleostei can also progress slowly by undulations of

all the fins (paired and unpaired)."^

* A very singular movement, siiggesting flight, occiirs in the Rajidse, brought
about by the powerfvil fore hmbs.
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Fish, which are represented to-day by such numerous genera and
species, have also played an important part in earlier periods;
the Teleosteans, which preponderate at the present time, arose
comparatively late ; whilst the Ganoids, which now include a few
species only, were for long very abundant.

Skeleton entirely cartila-

ginous.

Horny or cartilaginous rays.

Scales absent.

Operculum absent.

Swim-bladder absent.

Synopsis ov the Okdees.

Cyclostomi

Selachii

Skeleton of cartilage and
bone.

Bony rays.

Scales present.

Operculum present.

Swim-bladder or lung pre-

sent.

Ganoidei

Dipnoi

Teleostei

Conus ai-teriosus weU-de-
veloped.

Spiral valve in intestine.

Miilleiian ducts present.

Conus i-udimentaiy.
' Spiral valve absent.

Miillerian ducts absent.

Order 1. Cyclostomi.

The Cyclostomes form a small group, differing in many respects

from other Pisces. The body is cylindrical, vermiform and apodous
;

the skin is naked ; the skeleton is entirely cartilaginous ; the noto-

chord is unconstricted ; ribs are absent. There is a complicated oral

and branchial skeleton, which can with difficulty be reduced to the

common type of piscine visceral skeleton. There are usually six or

seven (in a few, a still larger number) gill-pouches on each side

{see p, 378); the mouth is provided with horny teeth, but

true teeth are absent ; the olfactory organ is unpaired ; the caudal

extremity straight; and there is a continuous dorsal fin (c/. in other

respects, the account given for Fish in general.

The Cyclostomes are most nearly allied to the Selachians ; their peculiar

characters are without doubt to be attributed pai-tly to theii* peculiai- mode of

life, as par'h-sites or can-ion-feeders.

1. The Nine-eyes or Lampreys (Petromyzon) have a circular suck-

ing mouth with homy teeth ; seven small gill-apertui-es on each side leading

into giU-pouches ; which do not open directly into the mouth, but into a short

tube ventral to the oesophagus, closed behind but anteriorly in commiuiicatiou

with the mouth. Eyes are well developed. The Lampreys attach themselves by

suction to living Fish, which they devoiu'
;
they also feed on smaller animals.

Thi-ee species live in England ; two are marine, but can make theii- way up

into fresh water—P. Marinus, up to Im. long, and the small P. Fhtviatilis,

(Pricke) ; whilst the third and smallest species (P. PlaneH) is exclusively a fresh-

water form. Lampreys undergo a metamorphosis; the larvae (Ammocoetes).

which in P. Planeri may be thi-ee or fom- years old and of a considerable size
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l)efore a cliange occm-s, are very difPerent in form from the adult ; liorny teeth

are absent, the eyes are very small, and the gill-sacs open directly into the mouth.

They live in mud.

2. The H a g - f i s h (Myxine) has rudimentary eyes ; the mouth is sm-rounded

by tactile tentacles ; the gill-sacs (six on each side) are long tubes expanded in

the middle, each opening direct into the pharynx, whilst the outer regions of

each side unite, to open by a common apertm-e some way back
;
though in an

allied foreign form, Bdellostoma, they open separately. Hag-fish, of which

31. gluHnosa is very common in N. Em-opean seas, and reaches as much as

30 c/m. in length, bore into dead (and hving P) Tish
;
they secrete enormous,

masses of mucus.

Order 2. Selachu.

The skeleton consists entirely of cartilage, wliicli may, however^

be partially calcified ; bone is altogether wanting. A conns

arteriosus is present, and a spiral valve in the gut. There are

five, rarely six or seven, gill-clefts on each side; often a spiracle,,

but no operculum, excepting in ChimEera. There is no swim-

bladder. The whole surface of the skin is often covered with teeth.

In the fins, which cannot be folded together, there are horny rays..

The mouth is on the ventral side of the head. Parts of the pelvic

fins in the male serve as copulatory apparatus. Eggs very large.

Almost exclusively marine.

1. The Sharks (Squalidee) ai-e animals of the oi-dinaiy piscine fonn,.

generally elongate and somewhat circular in section. The skin is usually thickly

covered with small teeth. Along the edge of the jaw there are, as a i-ule, one 'or

two rows of teeth, ustially triangular in form, and replaced by others from the

mucous membrane within the jaws : definitely heterocercal. Of the numerous forms
the following may be specially mentioned : the Common Spiny Dog-fish
{Acanthias vulgaris), 1 m. long, with a spine (a stx-ongly developed placoid scale)

anteriorly on each of the dorsal fins ; anal fin absent
;
viviparous : found in the

North Sea and Baltic: the Dog-fish {Scyllium cam'cuZa), somewhat smaller I

oviparous, egg-capsule quadi-angular, and attached to Algse by long tendi'il-like

;ippendages from the corners; common on the coasts of Britain: the Blue-
Shark {Carcharias glaucus), the voracious man-eating form, 3 m. or 4 m. long,

occiming in the MediteiTanean, abimdant in the Tropics : the Hammer-
headed Shark (Sphyrna), with each side of the head di-awn out into a longer
or shorter process, at the end of which is the eye ; one species in the Mediterranean

:

the Greenland Shark (Scymmis borealis), which reaches 8 m. in length,

is caught in gi-eat numbers for the sake of the fat liver ; on the coast of Iceland

:

still larger (up to 12 m.) is the G-iant Shark {Selache maxima), in which
the external gill-clefts are very large slits ; the eyes veiy small ; teeth small and
poorly developed ; the inner edge of the giU-bars, with a series of very long teeth,

forming a fine comb, which acts as a straining apparatus, to retain the small
Ci-ustacea on which this giant feeds, after the manner of the Whalebone "Whale.

2. The Skates {Bajidae) are chiefly distinguished by the flattened form
of the head and body, by the thin, whip-like tail, which is often almost destitute
of fins, and by the enoi-mous development of the pectoral fins, which arise like

hoi-izontal plates from the sides of the body, so as to fonn a disc with it and the
head, and to relegate the gill-slits, over which they lie, to the ventral sm-face ; the
eyes and spii-acle are on the dorsal side. Amongst other characters it must be
mentioned that the skin is usually naked over a gi-eater or less extent ; that
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some of the remaining placoid scales foi-m large spines ; and that the ljuccal teeth

are low knobs (sometimes pointed) or plates, wlaich are an-anged in several rows
and form a mosaic over the edges of the jaws. In general appearance, therefore,

the Skates differ considerably from the Sharks. The skate type is not always

developed to the same extent ; in some forms the pectoral fins are smallei-, the tail

more powerful
;
whilst, on the other hand, there are Sharks {Squatina, the Sea-

angel), which are somewhat flattened, with the eyes tm-ned upwards, and large

horizontal pectoral fins reaching antero-posteriorly along the sides of the head, but

not attached to it. There is indeed a complete series of transitional foi-ms, between

the usually slim shark type, to the most extreme ray type with its discoid shape,

wider than it is long, and "with its thin caudal whip. In British seas there

ai"e several species (chiefly of the genus Raja), all typical Rays. Of forms

belonging to the Southern seas may be mentioned the Electric Skates
(Toj'^etio), and the Saw -fish (Pristis); the former are well known on account

of their powerful electric organs, which lie on either side of the head ; in the

Sawfish the snout is drawn out into a long, straight, naiTOw plate, vnth a series of

large, laterally directed, teeth on each edge. Both the Electric Skates and the

Saw-fish, but especially the latter, belong to the more shark-like Rays, mth toler-

ably powerful tail. Both genera occm* in the Mediterranean.

3. The Cat-fishes (Holocejohali) genus Chimxra, etc., form a small

division of the Selachians, which difPer from their allies, and approach the

following orders chiefly in the possession of an operculum (which is, how-

ever, not supported by skeletal plates) ; the giU lamellae completely cover the side

of the septum, but do not project over its outer rim (Fig. 3095). The skin is

Fig. 314. Chimcera monstrosa, (J .

for the most parf naked, the mouth armed with a small number of lai-ge teeth.

The upper portions of the mandibular and hyoid arches are attached to the skull.

In other respects they exhibit for the most part the characters of other Selachians.

One species, Ch. monstrosa. is abvmdant in the Mediterranean, on the coast

of Noi-way, and elsewhere.

Order 3. Ganoidei.

The skeleton consists of cartilage and Lone ; couus arteriosus and

spiral valve are present; an operculum supported by bony plates;

often a spiracle ; swim-bladder or true lung. The skin usually
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provided witli bony plates or scales (ganoid scales) ; dermal denticles

may also be present^ but in small numbers. Bony rays occur in the

folding fins.

This group was formerly very well represented; few of its members

are living, liowever, at the present day.

Sub-Order 1. ChondrOStei {Cartilaginous Ganoids).

The skeleton is, for the most part, cartilaginous
;
only membrane

bones are present. The mouth ventral. The tail heterocercal.

1. Sturgeons (^ccipe?ise?-) have five rows of large bony plates aiTanged

along the body (one row being median) dorsally, and manyj small plates

irregularly placed
;
dorsally upon the head are large bony plates, which cover

the chondi'ocranium : the mouth is small, edentulous (the young, however, have

teeth, and sometimes small teeth occur on the gill-bars of the adult) ; on the

venti-al side of the often elongate snout there are tactile tentacles : a spiracle

is present. A. sturio, which attains a length of several metres, inhabits North
Em'opean seas, wandering up into the rivers to spawn ; there are several other

species in the Caspian and Black Seas, and in the large rivers of Russia

(Sterlet, A. ruthenus, A. huso, etc.).

2. The Spoon-billed Sturgeons (Spatularia) differ from
Accipenser in that the snout is prolonged into a large horizontal blade, and the

skin is almost without hard parts ; in the mouth weak teeth are developed. In

North American and Chinese i-ivers.

Sub-Order 3. Holostei {jBop?/ Gafwids.)

The skeleton is for the most part ossified. The mouth anterior.

Large, rhomboidal; enamelled'^ scales, which may be partly dove-

tailed together, or, more rarely, scales like those of the Teleosteans.

Usually (LepidosteuSj Amia) the respiratory organ is a true lung.

All existing forms are freshwater.

1. Polypterus. Long dorsal fin, with strong fin-rays, usually fan-shaped at

the tip, and not connected together ; no anal fin ; caudal fin rounded, feebly

heterocercal (the bent-up portion of the spinal column is very small). Large
i-homboidal scales. A spiracle. In Africa {e.g., in the Nile).

2. The Bony Pike (Lepidosteus) . Snout much elongated ; short dorsal
and anal fins ; well-marked heterocercality, the caudal fin being almost entirelv

Fig. 315. Lepidosteus.

* The scales arc covered externally by a smooth layer, commonly called " enamel "
;

bxit it is not true enamel, like that of the teeth, it is only an external, polished, dense
layer of bone.

C C
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ventral to tlie long, bent-np portion of the spinal column (Fig. 299 B). Bhom-
Ijoidal scales. Several species in N. America.

3. Amia. Externally almost exactly like a Teleostean ; it has cycloid

scales. For its chief characteristics see p. 375, foot-note *
: p. 377, foot-note *

;

Fig. 304 C ;
Fig. 310 B. It occurs in North America.

Order 4. Dipnoi.

The skeleton is partially ossified ; the conus arteriosus spirally

coiled and provided \ inside with a longitudinal fold formed of

modified valves ; a spiral valve in the intestine ; the operculum is

supported by bony plates ; the lung is functional ; the skin

provided with scales, the fins with unsegmented, soft, bony rays.

Both anterior and posterior nares lie within the mouth. The limbs

are either long, pointed plates, with a median, segmented, cartila-

ginous rod, from either side of which a series of cartilaginous rays

arise ; or they are filiform, with a similar, but more or less reduced

skeleton. The tail is pointed and diphycercal ; notochord uncon-

stricted and well-developed ; a few large teeth in the mouth.

Exclusively freshwater.

This aberrant groiip, which at the present day is represented by a few forms

only, is mosij nearly allied to the Ganoids, especially the Holostei. The structm-e

of the conus is remarkable, recalling the condition in the Amphibia (q.v.) ; in

connection with it are certain peculiarities in the structure of other parts of the

heai't, by which a partial separation of blood from the lung and from the rest

of the body is effected. The structure of the limbs, the position of the nares,

etc., is also very peculiar.

Fig. 316. Ceratodus.- After Griinther.

1. The Mud -fish or Barramunda (Ceratodus) is a large, elongate

animal, pointed at both ends; with large scales; large, broad limbs; dorsal,

caudal and anal fins continuous. It inhabits the rivers of Austraha.

Fig. 317. Protoptcrus onji^ejis.
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2. Protopterus annectens, the African Lung-fisli, has very long, thin limbs
;

it possesses some small, thread-like membranous appendages at the tipper ends of

the gill apertures ; these possibly have a respiratory function ; the gills of the

first and second arches are absent. In other external respects it is similar to

Oeratodus. If the water in which it is living di-ies up, it bui-ies itself in the

grormd, and sm-rounds itself by a hard mucous capsule, in which it can remain

for a long time without water (this is not the case with Oeratodus). An allied

form (Lepidosiren paradoxa) occui's in S. America.

Order 5. Teleostei.

Tlie skeleton consists of cartilage and bone ;
chiefly tlie latter.

The conus arteriosus is rudimentary^ a bulbus arteriosus is present.

There is no spiral valve in the intestine ; the operculum is bony

;

there is no spiracle; the skin is provided with scales or bony

knobs, plates, etc. ; dermal denticles are usually absent, but may be

present in small numbers. The fins can be folded and are provided,

with bony rays.

Sub-Order 1. PhySOStomi.

Swim bladder connected with the alimentary canal by a

pneumatic duct
;
pelvic fins far back, close to the anus

;
spinose rays

usually absent ; scales cycloid.

1. The Herring family (Clupeidai). Body elongate and compressed:

large, easily deciduous, cycloid scales; only one dorsal fin; teeth feeble. To
this family belong: the Herring {Clupea harengus), and, the Sprat
{CI. sprattus) ; the Sardine {CI. pilchardus) ; the Shad, {CI. alosa) all

common on British coasts ; the last makes its way into rivers {e.g., the Severn)

to spawn ; all these very similar forms have a row of carinate scales along the

ventral side. The true Anchovy {Engraiilis encrassicholus), without these

modified scales, and with elongate snout : in the Mediterranean, occasionally in

northern seas.

2. The Salmon family {Salmonidx). Scales small, or of medium size.

Two dorsal fins, of which the posterior is rayless and adipose. Chiefly in fresh-

water. Amongst the species occTirring in the British Isles : the Salmon
{Salmo salar), marine, migrating into rivers to spawn; the closely-aUied

Common Trout {S. fario), in fresh water; the Sea- or Salmon-trout
{S. tridta) : the Char (sub-genus, Salvelinus), in mountain lakes. The species

of Coregonus {C. thymallus, the Grayling; C. pollan, the Fresh- water
Herring;) are edentulous, or have only small teeth, whilst the genus, Salmo,,
has large ones.

3. The Pike family {Esocidse). Small scales; dorsal fins far back,-

flattened, elongate snout; mouth large, with numerous teeth; some of them
large. Few species; the common Pike {lEsox lucius), abundant in fresh water.

4. The Carp family {Cyprinidse). Body compressed, with larger or
smaller scales; one dorsal fin; bones of the mouth entirely edentulous;
the lower phaiyngeal bones are, however, provided with powerful gi-inding-teeth,
which work against a thick horny plate on the under side of the skull

;
usually

liarbules on the edge of the mouth; freshwater fish, feeding partly upon
decayed plants. Of the numerous forms, may be mentioned : the Carp {Cyprinus

C C 2
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carpio), with four barbules on tlie upper edge of the moutli (introduced from Asia)

:

the Prussian Carp {Carassius vulgaris), without barhules, but othei-wise
similar: the Gold-fish {Car. auratus), from China: the Barbel (Barbun
vulgaris), with four barbules, of which two are at the tip of the snout : the small
Gudgeon {Gobio fluviatilis) the Roach (Leucisus) the Tench (Tinea
vulgaris), with small scales in a thick shmy skin: the small Bitterlin<'
(Bhodeus amarus), females provided at spawning-time with a long ovipositor
beai-ing the genital pore at the tip, by means of which the eggs are laid in the
branchial chambers of the Freshwater Mussels (Z7nio) : the Bream {Abramin
brama), with high, laterally compressed body: the Loach (Cobitis), small fish

with elongate, sometimes eel-like, bodies
; very small scales concealed beneath the

skin ;
six or more barbules, intestinal respiration (see p. 375). All these, except the

Gold-fish and the Bitterling, are indigenous to the British Isles.

5. The Silurus family {Siluridx). The body never has the ordinary
scales ; it is either naked, or provided with large bony plates (dermal denticles

may be present) ; maxillae very poorly developed ; barbtdes and an adipose fin

usually present. Freshwater Fish, which are represented by ntunerous interesting

tropical forms. The Sheat-fish {Silurus glanis), naked, with quite small
dorsal fin far forward, long anal fin, two long and four short barbules, small

eyes; as much as 4 m. long; the only Eui-opean representative of the family.

occm*s in England. The electric Silm*id {Malapterurus electricus), with adipose

fin (but otherwise without a dorsal fin), more than 1 m. long, in Africa. The
Lcyricaria, skin covered with large bony plates, in S. America.

6. The Eel family {Murxnidx). Body snake-like, smooth or with small

scales ; without pelvic fins
;
dorsal, caudal, and anal fins continuous ; small gUl-

slits ; small eyes. The Eel {Anguilla vulgaris), with scales
; spawns in the sea.

probably in deep water; the young, whilst still transparent, wander into fi-esh

water, returning to the sea later. The Conger -eel {Conger vulgaris), scale-

less, attains a considerable size (2 m.) ; in the North Sea. The Muraena
{Gyinnothorax muraena), apodous, even the pectoral fins being absent; in the

Mediten-anean. To another family of snake-like Physostomi belongs the

Electric Eel {Gh/mnotus electricus), of S. America; anus close to the head;

anal fin long ; no dorsal and pelvic fins ; the large electric organs along the

ventral side reaching to the tip of the tail.

Sub-Order 2. AphysOStomi.

No pneumatic duct. Pelvic fins, generally moved far forwards.

Spinose rays usually present (not in sub-divisions, 1—3).

1. Mackrel-pikes {Scomberesocidse). Cycloid scales; dorsal fin short,

far back; pelvic fins far back; no spinose rays. The Gar-pike
{Belone vulgaris) has mandible and premaxilla elongated to form a beak, beset

with fine teeth
;
body elongate ; bones green ; in the North and Baltic Seas.

The Flying-fish {Exocoetus) distinguished by the enormous development

of the pectoral fins, by means of which it can take short flights across the

sui-face of the ocean ; in tropical seas (one species in the Mediterranean).

2. The Cod-fish family {Gadidx). Body somewhat elongate with

small cycloid scales
;

usually two or thi-ee dorsal, and one or two anal fins;

pelvic in front of the pectoral-fin, no spinose i-ays; often a barbule on the

lower jaw. To the genus Gadus, with three dorsal and two anal fins,

belong: the Codfish {G. morrh.ua), which occurs in immense shoals in the

North Atlantic, up to 1.5 m. in length ; the Haddock {G. n-glefinus), mmierous.

e.g., in the North Sea ; both these have barbules : the Eel-pout {Loia
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vulgaris) in fresli water, lias a shoi-t anterior, and a long posterior dorsal fin

(the latter corresponds to tlie two dorsal fins of Gadus) ; an anal fin, and one

barbule. To an allied family (0 p h i d i i d as) belong the Sand-eels {Ammo-

dijtes), small and elongate with no mandibular teeth ; with projecting lower

jaw : without pelvic fins ; with long dorsal and anal fins ; on the coasts of

Britain. To the same family belongs also the genus Fierasfer, the species of

which take up their abode in the cloaca of Holothiuians (without being actually

parasitic, since they feed upon small animals) : an allied genus, Enchelyophis,

is a time parasite.

3. Flatfish (Pleuronectidie) . The body is a laterally compressed disc;

both eyes on the same side, in some species on the right, in others on the left

(in a few species, some individuals have the eyes on the right, others on the

left) ; the blind side is white and tui'ned downwards, the other colom-ed ; the

mouth is often somewhat asymmetrical, being larger on the blind side where

the premaxilla and maxilla are better developed ; dorsal and anal fins very long,

anus far forwards
;
pelvic fins in front of the pectorals ; no spinose rays. The

laiwse are perfectly symmetidcal, with the eyes on either side of the body, and
the animal swims with the ventral surface downwai'ds

;
later, one eye moves

round to the other side, and the animal lies upon one side. Amongst the

forms inhabiting British seas are : the Plaice {Pleuronectes platessa), eyes right

(very rai-ely left); scales smooth: the Dab (PI. Umanda), eyes right; scales

rough: the Flounder (PZ. ^es-ws), with rough bony knobs; eyes usually right

but frequently left ; it occui-s not only in the sea, but also in fresh water

:

the Sole {Solea vulgaris) disc not so wide as the foregoing
; eyes right ; the

Halibut (Hippoglossus vulgaris), also with eyes on the right, attains a con-

siderable length (2 m.) : the Turbot {Rhombus maximus), with bony warfs, and
the Brill {Rh. Iwvis) with small smooth scales, both with the eyes on the left side.

4. The Perch family (Percidse). Scales ctenoid; two dorsal fins,

which are generally, however, united, the anterior with only spinose rays
;
pelvic

fins below the pectorals
;
operculum with spines. To this family belong the

Common Perch {Perca fluviatilis), and the Pope {Acerina cernua) with
fused dorsal fins. Both are freshwater, the former occuiTing also in brackisli

water, and are found in England. To an allied family belongs the Climbing
Perch (Anabas) mentioned before (p. 375).

5. The Wrasses (Labridas) recall the Perch, in then* external appear-
ance, but are distinguished by the fusion of the lower pharyngeal bones, and
especially by a pad-like thickening of skin (the lip) along the edge of the
mouth. To this family, which is represented by several small species in the
JSToi-th Sea belongs the Parrot-fish (Scarm) ; in this form the edge and
a portion of the front of the premaxilla and maxilla, are beset with teeth
which are connected with each other, and with the rest of the jaw by means of
a bony mass, so that a continuous cutting edge is formed. Grinding teeth,
united in the same way, occur on the superior and inferior pharyngeals. The
Pan-ot-fish, which belong exclusively to warm seas (one species in the
Mediten-anean), can bite through even branches of Coral.

6. "Peter's Thumb" (Trachinus draco) is a somewhat elongate form
with a short head and small cycloid scales ; with two dorsal fins, the posterior
being long and possessing soft fin-rays, the anterior quite short and with spinose
rays

;
pelvic fins in front of pectorals. On the operculum is a bony spine, with

two^ poison glands, lying in gi-ooves on its siu-face, and opening at its tip

;

similai- glands in the spiny rays of the dorsal fins.* Abundant in the North
Sea; usually seen with the larger part of the body buried in the sand.

* Similar poison organs occur also in a few other tropical Fish.
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7. The Squamipinnes. Tisli with spiny fins, with very high, much
compressed bodies, and with gorgeous colom-s; the scales extend some way
on to tlie unpaired fins. In warm seas.

8. The Cataphracti. Body usually without tlie ordinary scales, naked
or with large bony plates ; one of the suborbitals is well developed, and reacheK
back to the preoperctilum

;
pelvic fins below the pectorals. Here belong

:

the Sea Scorpion {Cottus scorphis), with a large head, naked skin, spiuoK

on the head; abundant in the North Sea: in the rivers of Great Britain is

found the small River Bull-head, or Miller's Thumb {Cottus yobio),

about 15 c/m. in length : the small Armed Bullhead {Agonus cataphructaH).

with bony plates on the body and with numerous barbules : the Grey
Gurnard [Trigla gurnardus), with mailed head; small scales; and the lowest

rays of the pectoral fins free, digitiform, and used in crawling ; in British seas.

In the Flying Gurnard {Dactylopterus volitans) ea.ch. -pectoral &n is divided

into two portions, one of which is very large, and by its means the animal can
lift itself above the sm-face of the water ; in other respects it resembles the

two previous forms ; in the Mediterranean.

9. The Sticklebacks (Gasterosteidx) resemble the preceding family

as regards the suborbital bones ; the spiny-rayed portion of the dorsal fin

consists of free rays ; each of the pelvic fins, which ai-e a little behind the

pectorals, consists of a long spiny and of a short, soft ray ; no scales, but

large dermal plates ; the males often build nests. The Sticklebacks {Gaster-

osteus) are small forms, occiu-ring in fresh and brackish water : the Three-
spined Stickleback (6r. aculeatus), with thi*ee spiny rays in the dorsal fin.

and the Ten-s pined Stickleback ((?. pungitius), with about ten, both

in Great Britain : the Sea Stickle {Spinachia vulgaris) is exclusivelj-

marine (North Sea, etc.)
;
very elongate, with long, thin tail ; and fifteen free,

spiny rays.

10. Mack r el family {Scomheridse). Spiny fins
;
body elongate, slightly

compressed, with small scales
;
posterior portion of dorsal and anal fins broken

\ip into a number of small pieces
;

pelvic fins below the pectorals ; hei"e

belong: the Mackrel {Scomber scomber), common on Eui'opean coasts, and

the Tunny (Thynnus vulgaris), common in the MediteiTanean, rarer in

northern seas. Allied to these are the Sucking-fish {Echeneis) ; the anterior

dorsal fin is modified into a suctorial apparatus, extending on to the head, and

by it the animal attaches itself to large fish, ships, and so forth Further,

the large Sword-fish {Xipliias gladius), with the upper jaw elongate and

beak-like, and without pectoral fins ; abundant in the Meditei-ranean, also

occasionally in northern seas.

11. The Blennies {Blenniidie). Body usually almost eel-like, with very

small scales
;
usually a long dorsal and anal fin ; * pelvic fins small, in front

of the pectorals. Here belong: the Viviparous Blenny {Zoarces vivi-

parous), very abundant in the North Sea; up to 40 c/m. long: the WoK-
i i ah {Anarrhichas lupus), large, with well-developed, strong, conical teeth in

front, and grinding teeth further back in the mouth; no pelvic fins; feeds

upon Lamellibranchs, etc. ; in northern seas.

12. The Gobies {Gobiiis), small, with tolerably soft spiny rays, chiefly

distinguished by the fusion of the pelvic fins, which lie below the pectorals. To

another family belongs the L u m p - f i s h {Cyclopterus lumpus), with the peh io

fins fused, and, moreover, modified to form a sucker ; the Sea-hare is a short,

clumsy form with bony spines in the skin ; in British Seas.

* In Zoarces and Anan-hichas there are a few spiny rays posteriorly in the

otherwise soft dorsal fin ; in the genus Centronotus (Butter-fish) the whole dorsal fin

consists of spiny rays ; in others, again, all the rays are soft.
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. 13. The Pediculati, with bulky, naked body; bead often large; gill-

opening small
;
pelvic fins in front of tbe pectorals, the latter stalked ; the

radialia, which are short in other Teleostei, are long here ; the anterior poi-tion

of the dorsal fin consists of a number of free rays. The only form occuii'ing in

Northern Seas is the large Frog-fish {Lophius piscatorius), flattened; with

a huge mouth ; the free dorsal rays elongate, the most anterior with a soft

appendage at its tip.

14. The Plectognathi are fish of very varied appeai'ance, which agi'ee

in having the premaxillae and maxillae, contrary to the general rule, fii-mly

attached to the slmll
;
pelvic fins absent. Chiefly animals of veiy abeiTant form

inhabiting the warmer seas. The Trunk-fish (Ostracion), short, with

flattened abdomen, peculiar in that most of the body is covered by a thin armoiu-

formed of polygonal bony plates, firmly connected together ; the small tail and
the fins alone are movable. The Sea Hedgehog (Diodon) is beset with

bony spines, which stand up when the animal puffs itself out ; this is effected by
filling a sac-like evagination of the oesophagus with air, which is taken in through
the mouth ; the creature then lies in the water with the ventral surface upwards

;

the dentition recalls that of the Parrot-fish. The Sun-fish {Mola or

Orthagoriscus) is a large pelagic form, much compressed and very short, the

body forming a perpendicular oval disc ; the caudal fin is a ridge along the

hinder edge of the animal, dorsal and anal fins high.

15. The Sea-adder family (Syngnathidx). Body elongate, covered

with bony plates ; snout di-awn out into a tube, at the apex of which lies the small

edentulous mouth
;
pelvic fins absent ; gill-lamellae on each bar in quite small

numbers, but much folded ; external branchial aperture small. The eggs are

oanied by the males on the lower side of the body and tail, sometimes simply
adhering to this ; in other cases enclosed in two longitudinal folds or in a sac.

The animals swim by a very rapid undxxlating movement of the rather short

dorsal fin (or of the pectorals, if these are present). Various forms inhabit
noi-them seas

;
species of the genus Syngnathus, Nerophis, etc., in the last of

which only the dorsal fin is present. The Sea-horses (Hippocampus), vsdth

finless, prehensile tail
;
ventrally cui'ved head ; and spiny outgrowths on head and

body, swim in a perpendicular position; usually in warm seas; one species,

abundant in the Mediterranean, also occui-s in the North Sea.

Class 3. Amphibia.

The head, unlike that of Pisces, is, in Amphibia, generally

clearly defined, and is usually capable, to some extent, of free move-
ment, although there is no distinct neck. The head, and usually

the body also, is somewhat flattened. The tail, when present, is

compressed and strongly developed, though not nearly so muscular
as in Fish; dorsally, it passes gradually into the trunk, but
ventrally, is more sharply limited. The limbs have reached a higher
stage of development than in Pisces : they are separated by joints

into several regions, of which the distal is divided into digits.

They have been modified to form ambulatory organs, which,
compared with those of the Mammalia, at least in one of the principal
groups (the Urodela), are small and feeble.

The epidermis in the adult exhibits a thin stratum
c o r n e u m, only one or two cells thick, which, as in many Eeptiles,
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is periodically shed entire, and replaced by a new one (ecdysis).

'J^his layer is harder in some regions than in others, e.g., certain

spots on the fore-limb of the Frog in the breeding season. Claws
are absent. Rounded, saccular glands, opening to the sur-

face, and distributed all over the body, occur in connection with

the skin
;
they usually secrete a slimy fluid, which keeps it moist

;

in some forms, there are also small mucous glands, and larger

poison glands, which may be so closely aggregated in some
regions as to cause projections ; such are the " parotids " behind

the head in the Toad and the Land Salamander; the secretion is

injurious to many animals, and thus serves as a means of defence.

True scales, like those of many Fish, are present in the dermis of

many Gymnophiona ; in other forms, large membrane bones'*^ may
be present in certain regions of the skin ; or there may be calcareous

deposits in the dermis, as in old Toads. Like Pisces, the Urodela are

furnished with an unpaired fin, which extends along the back for

some distance, sometimes even from the head, round the tail to the

ventral surface, as far as the anus ; it never exhibits fin rays : it is

usually better developed in the males than in the females, and here

it is most prominent during the breeding season. Except during

larval life (.see below) it is absent from all other Amphibia.

The skeleton is for the most part ossified, although there are,

as in many Fishes, considerable tracts of cartilage, especially in the

skull. In the Perennibranchiata and Grymnophiona, the centra are

amphicoelous and the notochord is large ; in others, on the

Fig. 318. Skeleton of a Urodele (Menopoma).

* Scales were also present in the dermis of many extinct Amphibia (Labyr

odonta).
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contrary, it is intervertebrally constricted, tlie vertebras articu-

lating by joints ; in the Urodela tbe vertebree are opistliocoe-

1 o u s (concave behind, convex in front) ; in the Anura usually

procoelous (convex behind, concave in front) . Just as in Pisces,

but in contradistinction to the classes following, the second cervical

vertebra is not specially modified (c/., Eeptilia). The first, with

which the head articulates, and the last or sacral vertebra, to which

the pelvis is attached, differ from all the others. The caudal verte-

br£e of the Urodela are provided with hsemal arches ; in the

Anura, where they are twice as numerous in the larva as in the

adult, they are fused into a long, unjointed bone, the urostyle"^

(Fig. 323 C) . The ribs never reach the sternum ; in some extinct

Amphibia (Stegocephala) they were well-developed ; in all living

forms they are, however, very degenerate
;
they are best developed

in the Urodela and Grymnophiona, where they are short processes

usually present on all the trunk vertebree except the first ; in the

Urodela they occur on the anterior caudal vertebrae also. In the

Anura the ribs are rudimentary, and in the adult usually fused with

the long transverse processes. The sternum (Fig. 321-22) is not

connected with the ribs, but is closely attached to the lower portion of

the shoulder girdle ; in the Urodela it is a short cartilaginous plate,

with the insertion of the coracoid at its anterior edge ; in the Anura
it is often partially ossified, and closely connected with the coracoids.

The cranial skeleton is in many points very similar to that of

the Ganoids and Teleostei. Considerable portions of the cartilaginous

A B

Fig. 319. The visceral arches of the Salamander, seen from below ; A larva, B adult,
basibranchials, c' the last (separated from the others in the adult), fc mandible, h hyoid

arch, br 1—4 first to the fourth gill-bars, I occipital condyles, o eye. After Rusconi.

The tail is not visible extemaUy, for the long ilia, which are attached by their
anterior ends to the sacral vertebra, extend backwards almost paraUel to the lu-ostyle

;me latter is of about the same length as the Uia, so that their glenoid cavities are
close to its tip.

*
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skull are retained throughout life^ covered for the most part by
membrane bones. There are two articular condyles on the

occipital. The premaxillge and maxillae are closely adherent to the

anterior solid portion of the skull
;

they are not movable as in the

Teleosteans. The upper part of the mandibular arch, the palato-
quadrate, is fused to the hinder part of the skull; sometimes, as

in the Anura, it is also fused to the front part by its anterior end
;

it remains partly cartilaginous. In the larva there are usually,

besides the mandibular and hyoid arches, four pairs of cartilaginous

branchial arches, which degenerate to some extent in the

metamorphosis ; in the Urodela, the first two pairs persist. The
basibranchials, hyoid, and branchial arches, are together termed the

hyoid.

Of the skiill bones, besides those ab-eady noticed, the following must be

mentioned. In the cartilaginous cranium itself there develops a pair of

«xoccipitals which almost completely surround the foramen magnum, and
which bear the occipital condyles ; anterior to these on either side is the

petrosal, and at the front end of the cranium, the sphenethmoid.
The skull is covered dorsally by a pair of nasals behind the external nares, and

a pair of frontals and parietals (in the Anm-a those of each side fuse

into a single bone) ; veutrally there is a parasphenoid (c/.. Fish) and, anteiior

to this on each side, the vomer. In the palato-quadrate cartilage

A B

Fig. 320. Skull of a Frog (Rana esmh-nta). (A) from the dorsal (B) from tlie

ventral surface, c cartilaginous lateral portion.* of the skull, e sphenethmoid, e' cartilaginous

nasal capsule, /« nasal hone, fp fronto-parietal, stylo-hyoid, i premasilla, j quadrate-jugal.

m maxilla, m' quadrate, u exoccipital, op cartilage between the latter and the prootic j).

p' anterior portion of prootic, ^vith a large nerve foramen (p"), pl palatine, jjf pterygoid.

p<' posterior portion of the pterygoid, s parasphenoid, t

—

t' squamosal, v vomer. After

Ecker.

there is, at the point of junction with the lower jaw, an insignificant ossification,

the quadrate, and behind, the cartilage is covered by a lai-ge membrane bone,

the squamous; the pterygoid extends anteriorly, and in front of this

there is in the Anm-a a transverse palatine attached to the skull by its inner

end. In this group, too, a thin bony rod, the ju gal or qua dr at o- j uga 1

.

stretches from the quadrate to the maxilla. The rami of the mandible

consist, as in Fish, of several bones.
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The shoulder girdle of the Urodela is represented by

a cartilaginous arch on either side, in which two regions are dis-

tinguished, one dorsal the other ventral, is the glenoid for the arm.

The dorsal portion, the scapula, is narrower than the ventral,

the coracoid, which partially overlaps its fellow of the other

side. The lower part of the scapula is ossified to a varying extent,

the ossification often reaches into the coracoid region, but the upper

and lower portions of the girdle remain cartilaginous (Fig. 321). In

the Anura (Fig. 322), the coracoid is perforated by a large

foramen, and thus separated into anterior and posterior portions, the

latter ossified, the former not ossified, but covered by a membrane

bone, the clavicle; the right and left coracoids either overlap or

Fig. 321. Fig. 322.

Jc

Fig. 321. Sternum and shoulder girdle of a Salamander, st sternum,

CO coracoid, sc scapula.

Fig. 322. The same parts of a Fr og. st sternum, ep omostemum, co posterior region

of coracoid, sc lower portion of scapula, sc' upper portion of the same, cl clavicle. The
•cartilaginous parts in this and the preceding figure dotted.-—After Ecker.

fit close together in the median line as in the Frog.''^ The scapula in

the Anura is divided into upper and lower parts, both ossified, but the

upper only partially. The fore limb consists of the same chief

parts as in the higher Vertebrata. The carpus, especially in the

Anura, usually conforms closely to the typical arrangement. In

extant Amphibia there are never more than four fingers; the

number of phalanges varies. In the Anura the two bones of the

forearm are fused.

Each half of the pelvis in the Urodela consists of a narrow upper

portion, the ilium, and a lower broader part, the i s c h i o-p u b i s

,

which is connected medianly with its fellow, and in which there is

* In some Anura {e.g., the Frog) there is, in the middle line, anterior to the coracoid,
a special, partly-ossified cartilage, which has been termed the episternum,
although it has no connection with the sternum, and although the episternum of other
Vertebrata is purely membrane bone. It is probably to be regarded as a special
<levelopment of the coracoid.
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usually a single ossification only. Anteriorly the pelvis is prolonged
into a narrow, unpaired, usually Y-shaped, cartilage {cartilago
ypsiloides. In the Anura the ilia are backwardly-directed bony
rods; the ischio-pubes have fused to form a compressed vertical
disc. The hind limb closely resembles the fore limb in

structure. In the Anura the tibia and fibula are fused, and the two

Fig. 323. Pig, 324.

proximal tarsals (the third is absent) are very long and powerful.

The hind limb usually has five digits.

The musculature of the body and tail, in the amphibian

larva, is very similar to that of Pisces; it is separated into four

Fig. 325. Transverse section of the

liind end of the head of young Frog to

show the tympanic cavity; dia-

grammatic. Cartilage and bone closely

dotted. / tympanum (at the point

where the letter is situated the colu-
mella is attached to the tympanic

membrane), h brain, hy hyoid, k palato-

quadrate cai-tilage, k' lower jaw, I mem-
branous labyrinth (qiiite diagram-

matic), m mouth, t tympanic cavity

in which the columella lies.—Orig.

longitudinal muscle plates, each of which is divided into a series of

segments by thin transverse septa ; in the adult Urodela the relations

are little altered, whilst in the Anura great modifications occur. The

b rain is small, the cerebellum very little developed.
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The olfactory organs are two canals which lead from the

outer side of the head into the mouthy and open there behind the

edge of the jaw ; the external nares can be opened and closed.

Eyelids are wanting in the larvse, in the Perennibranchiata, and in

the Gymnophiona, Avhich have rudimentary eyes; where they are

present only the lower one is movable, it is often semi-transparent,

and like a nictitating membrane. Lacrymal glands are absent,

although a lacrymal canal occurs in the adult ; a Harderian gland is,

on the other hand, present.

Auditory apparatus. In most Anura, a short, wide canal

;

the tympanic cavity extends from the posterior region of the

mouth behind the first gill-bar towards the exterior, it is not open

at the surface, but is closed in by a thin membrane, the tympanum.
The canal traverses that region of the skull which encloses the

membranous labyrinth, and is perforated in the region of the sacculus

by a foramen (fenestra ovalis). The fenestra is covered by a small

cartilaginous plate, the expanded end of a partially ossified rod,

the ear-bone [columella auris), whose other end is attached to

the tympanum (Fig. 325) . In other Amphibia (some Anura,

e.g., the Toad; all Urodela and G-ymnophiona), the tympanic cavity

and membrane are wanting ; but all possess the fenestra ovalis

and the columella.

Alimentary canal. Teeth may be present on maxillae,

premaxillae, mandibles, vomers, and pterygoids, exceptionally also on
the parasphenoid ; in living Amphibia they are always small and
simple in form. The tongue is better developed than in Pisces ; it is

attached by its under surface to the floor of the mouth, in such a

way, however, that the edge is free. It is characteristic of the

Anura that the posterior tip, which is free and sometimes bifid,

is especially well developed ; whilst the anterior edge, which is

insignificant, is attached in front, so that the tongue can be flicked

out of the mouth from behind forwards. In some Urodela it can
be stretched out upon a kind of shaft, projecting from its ventral

surface. The tongue is absent from Pipa and an allied genus. The
oesophagus is short and wide, the intestine short.

The respiratory organs of Amphibia are gills or

lungs, the former will be considered first.

In the urodelan lai-va there are, on either side, four gill-slits,
the first between the hyoid and the first gill-bar, the last between the
third and fourth gill-bars. Each bar bears on its outer edge a thin
membranous plate, and the series is covered by a thick membranous
fold without ossifications, which corresponds to the operculum of
Fish. The plates correspond to the septa between the gill-clefts in
Fish, but bear no gill lamellte. At the dorsal end of each of the first

three pairs of clefts there is, however, a g i 1 1, not covered by the oper-
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culmn, and consisting of a stem and two rows of lamelUe (Fig. 320)
These gills persist throughout life in the Perennibranchs. whei'J
they are somewhat more comiDlicated (branched)

; the embryos of
some Gymnophiona* possess similar gills {,sec Fig. 331). The
larvae of the Anura also are furnished for a short time after
hatching with three pairs of external gills, like those of the larval

Fig. 32 G. Head, etc., of a
TJrodelan larva, diagrammatic
(in the fif^ire more of the thin
plates is seen than in reality, etc.).

h operculum, p thin plate on the
first gill bar.—Orig.

Urodeles; they are,

is well developed.

Pig. 327. A Young Tadpole of a
frog (lateral view) ; B somewhat older from
below ; C still older larva with internal

gills. 1, 2, 3 the three external gills, a
anus, h hind limb, g branchial apertui-e,

onu caudal muscles, n nares, o mouth, op
operculum, s organ of adhesion.

—

C orig., A
and B with the assistance of figures by Ecker.

however, soon covered by the operculum, which

and covers gills and gill-clefts, concrescing

posteriorly with the surface of

the body. A large branchial

cavityt results, communicating

with the exterior by a single

aperture, J usually on the left

side. The gills enclosed in this

cavity atrophy, and in their

place numerous branched "in-

ternal gills," structures

peculiar to the anuran larvje,

arise on the outer edge of all

the four bars. As in Selachians,

etc., there is usually an imperfect

straining apparatus at

the inner edge of the gill-bar,

in such forms as are provided

with external gills. It is repi'e-

sented on each arch by one or

two (one on the first and fourth

gill-bars, tAvo on each of the

others) rows of short processes

* In other embryos of this division there is, instead of such gills, one very vascular

lamina on each side.

t The opercula of the two sides are continuous ventrally (Fig. 327 jB), concrescing

posteriorly to enclose a single cavity.

X In Pipa, and an allied genus, there are two openings, one on either side.
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which dovetail Avith those of adjacent arches. In, the larval Anura

with internal gills, this straining apparatus reaches a high pitch

of perfection, so that it is able to exclude even the very finest

particles from the branchial-cavity and the delicate membranous

gill-tufts within it. For the branchial vessels, see below.

The lungs, occurring in all Amphibia, are two saccular organs,

which in some forms {e.g., Newts, Proteus) are quite simple, in

others (Salamanders, Anura), are provided with short, thick-set

evaginatiohs (Fig. 345 B). In the G-ymnophiona, the right lung is

much shorter than the left. The trachea, which is almost always

very short, opens by a longitudinal slit into the back of the mouth ; it

is supported by several cartilages, and in the Anura, contains vocal
cords, which are absent from all the others. To effect an inspira-

tion, the animal depresses the soft parts between the rami of the lower

jaw, by shutting the mouth, and draws air into the buccal-cavity

through the open nares ; these are now closed and the lower wall of

the buccal-cavity is raised, so that the air is forced into the trachea

;

it is forced out by the contraction of the body-wall and its pressure

upon the elastic lungs.

In some Salamanders, e.g., two species in S. Eui'ope, the kmgs are rudimentary
or entirely absent. Respiration is effected by means of the skin (of gi-eat import-

ance in this connection in all Amphibia) and the buccal cavity, where inspiration

and expiration proceed in the usual way.

The vocal cords of the Anura are made to vibrate by the expired air, and thus
sotmds are produced. In the males of many species, this noise may be intensified

by means of evaginations of the posterior region of the buccal-cavity, which can
be blown out at pleasure into thin-walled sacs of considerable size. A paii* of

auch resonators is present ; in some (e.g., the Tree Frog), they unite to form a
single unpaired vesicle, which is, however, connected with the mouth by two
openings. The Urodela can produce sounds, although they have no vocal cords.

The heart (Fig. 284) differs from that of most Fish in that the
atrium is divided by a septum into two auricles, right and left

;

the latter is the smaller, and receives blood from the lungs, whilst

the right receives blood from the rest of the body. The septum is

often pierced by larger or smaller apertures, and is thus imperfect.

The ventricle is undivided, and shows no trace of separation

;

as in Fish, its wall is thick and spongy, the small spaces open-
ing into the central cavity ; the auriculo-ventricular apertures are
guarded by valves. The con us arteriosus, which arises in

front from the right side of the ventricle, is usually a well-developed
tube, somewhat spirally curved. It displays at each end a trans-

verse row of valves, and is in addition provided with a longi-
tudinal fold, which is connected with a valve of the anterior
row, and projects into the cavity of the conus (for its significance
see below)

.

The arterial system in amphibian larva is piscine in char-
acter : an afferent branchial artery, arising from a very short ventral
aorta, runs to^ an efferent artery runs from, each gill-bearing gill-

/
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bar
;

the efferent branc-liials unite to form the aorta. In urodelan
larvffi a single arterial arch runs to the last branchial bar, which is

destitute of gills; the pulmonary artery arises from this, or, in
the larval Anura, from the last efferent branchial artery; the
carotids, vessels to the head, spring from the first efferent
branchial artery.

At the metamorphosis the gill vessels degenerate, and the afferent
and efferent branchial arteries unite* to form simple arterial
iirches, which, like their precursors, the efferent branchial arteries.

Pig. 328. A 1- 1 e ri a 1 arches of the TJ r o d e 1 a : diagrammatic. A larva, B
^dult. (70 aorta, hr gill (removed from the second and third arches), ca carotid, p pul-

monary artery, st conus arteriosus ;
1—1' first, 2 second, 3 third, 4—4' foiirth arterial

arches, la—3a first—third afferent branchial arteries ;
16—36 first—third efferent branchial

Arteries.—Orig.

unite to form the aorta. The first, however, usually lose their

connection with the others, and simply supply the head with blood

;

the fourth also generally become independent, and form only the

pulmonary arteries ; and the third arterial arches, in many cases,

atrophy completely. When this occurs, and if at the same time the

first and fourth arches have no connection with it, the aorta is

formed by the second arterial arches only, which are better

developed than the others. The aorta of Amphibia is sometimes

formed by a single pair of arterial arches, sometimes by several.

The Gymnophiona in the adult condition are very similar to the

others ; the vascular system of the larva is at present unkno"\vn.

* In the larva of the Urodeles the afferent and efferent branchial arteries are con-

nected by a small vessel at the base of the gill (anastomosis), and this enlarges at the

metamorphosis

.
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lu the laiTal TJrodeles that part (4 Fig. 328 A) of the foui-th ai-terial arch

which lies between the ventral aorta and the point of origin of the pulmonary

artery is miich narrower than the pulmonary, whilst the rest (4') of this arterial

arch is as wide as the latter : the pulmonary artery in the larva evidently

receives direct the chief mass of the blood from the vessel formed by the

imion of the thi-ee efferent branchial arteries, i.e., arterial blood. In the adult

the relative sizes of the different sections of the foui-th arterial arch are

exactly reversed (Fig. 328 B).

In the larviB generally the circulation is essentially piscine. In the

adult, in spite of the single ventricle, the arterial blood from the lungs is to

some extent separated from the venous blood ; the aiTangements are, however,

too comphcated to be more closely gone into here. Sufl&ce it to say that by
means of the spiral valve of the conus almost all the arterial blood from the

left aiu'icle flows into the first two pairs of arterial arches, whilst the venous

blood from the right amdcle goes partly into these, pai-tly into the third and
foiu'th pairs ; the foui'th pair, as ah-eady mentioned, gives rise to the pulmonary
arteries, which receive entirely venous blood, whilst that in the systemics is

•' mixed."

From the foiu-th arterial arch, larger or smaller branches go to the skin; in

the Aniu-a especially, there is a very large cutaneous ai-tery, which therefore

can-ies venous blood ; and as a matter of fact, the skin is here of great respira-

toiy importance ; but the blood thus oxydised, mixes with that of the other

veins, and goes to the right aiu-icle. On the whole, the separation is veiy
incomplete.

The ureters open into the cloaca^ which has a ventral outgrowth
serving as a urinary bladder. The latter, which is often

drawn out into two points, is not directly connected with the ureters,

but opens separately into the cloaca.

The ovaries vary in size, according to the time of year ; in
the breeding season they are very large. The Miillerian ducts
are long, coiled tubes, which are thickest at the breeding season,

on account of the great development of the albumen glands lying in

their walls
;
they open into the abdomen by funnels, situated quite

anteriorly, and far distant from the ovaries j the ripe ova are wafted
to the funnels by movements of the cilia upon a portion of the
abdominal epithelium; they usually open separately into the cloaca
by their other ends. In the Anura, the hinder portion of the oviduct
is expanded into a vesicle, which is filled with ova at spawning time.
The testes (Fig. 288), are connected with the urinary tubules of the
anterior end of the kidney, which, in the Urodela is smaller than
the posterior end, and the spermatozoa pass out through the ureter

;

the duct of the anterior portion of the kidney is, moreover, in many
cases, almost completely separated from the other renal ducts with
which it unites only just before the common opening into the cloaca.
In the males, there is a rudimentary MUllerian duct on each side.

Actual copulation takes place only in the G y m n o p h i o n a

;

the eversible cloaca of the male serving as an intromittent organ'
In the Anura, the male clasps the female with the fore limbs, and as
the eggs leave the cloaca, pours the Bperm over them; fertili.sation

D 1)
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thus takes place in the water. The fore liinbs are stronf<er in tlie

males than in tlie females, and in many forms are furnished, in

the breeding senson, with i-ough horny warts, especially on the

hands, so that they can grip more firmly. The male Urodele
deposits the spermatojohores, which consist of masses of jelly

containing spermatozoa, and vary in form, at the bottom of the

water. The female then moves over them, so that they become
attached to the cloacal opening; they are taken into the cloaca

where the spermatozoa penetrate into little sacs in the wall, which

serve as receptacula seminis. Here fertilisation occurs within the body
of the female.

As ah-eady mentioned, there is, in the Toads (Bufo), at the anterior end of

the testis, a small body, which resembles an unripe ovaiy in stincture. In

the females of this genus, a corresponding portion of the ovary is similarly

developed ; it is especially noticeable in yoimg females, but degenerates later.

A pail" of yellow bodies containing fat, and often veiy conspicuous, is attached

to the reproductive glands in Amphibia, and is frequently in close connection

with them. These are the so-called fat bodies, which are digitifomi in

Anm-a, and originate by modification of a poition of the ovary or testis.

The eggs are usually laid in fresh water, surrounded by a thin

albuminous coat, which swells up in the water to a thick gelatinous

capsule. They are either laid singly (rarely) or in rows, strings, or

masses. They vary in size from two to about ten m/m. in diameter.

Segmentation is usually total, but the segmentation spheres are

larger at one pole [cf., ip. 45, and Fig. 34) ; the larger eggs, how-

ever, undergo partial segmentation. Rarely, as in the Salamander,

the ovum develops within the oviduct. The eggs or brood are

protected in various Amphibia : Pipa, Alytes obstetricans, Gcecilia,

etc. {see below).

The metamorphosis, which all Amphibia undergo, is

specially characteristic of the group. The larvae, as already men-

tioned, are provided with w^ell-developed gills ; the circulation and

the disposition of the vascular system are almost identical with

those of Fish
;

lungs are already present, but have as yet no re-

spiratory function. At the metamorphosis a significant change

in structure and mode of life occurs ; the gills atrophy and the

lungs become functional, involving amongst other alterations, great

modifications in the vascular system {cf. p. 400). The differences

between larva and adult are not, however, confined to these; in

many other respects the former approaches the piscine type; for

instance, there is no stratum corneum ; lateral line organs are

present
;
they always lie free, and even bear dehcate cylinders like

those of Fish.* Eyelids are absent ; a continuous fin is present at

first, but disappears in later larval life, and the visceral skeleton is

* The sensory papillfB also occiir in adult aqiiatic Urodeles, but here the

cylinders are wanting.
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much more piscine (p. 394) early, than in final stages. When the

tadpoles hatch, they are generally somewhat unlike the fully-developed

larval form; for example, the limbs are not present, or are merely

indicated, and, on the

head, there are frequently

organs of attachment,

which atrophy after a time

(Fig. 327 .-1—5, and 329^).

The metamorphosis

itself, that is, the change

from the larval to the

perfect form, is completed

somewhat suddenly ; the

changes ai'e accomplished

in quite a short time.

The size attained before

metamorphosis varies
;

closely allied species often

differ considerably in this

respect ; for example, with-

in the genus Rana, the

larva of the Edible Frog

is very large, that of the

Grass Frog, on the other

hand, rather small; growth is not usually completed at metamoi'phosis

(as in Insects) but continues for some time.* In some Urodela, viz.,

In certain Tritons, it has been noticed that the larvse sometimes
grow beyond their customary size, and become sexually mature
as larvae; whether they afterwards undergo metamorphosis is

unknown. The same thing occurs normally in the larva of a

Mexican Salamander the Axolotl {Siredon mexicanus), &t least in

those individuals which have been kept in confinement
;
they are, a s

a rule, sexually mature during the larval period, and do not

undergo a metamorphosis ; this happens only exceptionally, and then

before sexual maturity. Lastly, there are a few Urodela, the

Perennibranchiata (genus Proteus, etc.), which remain in

the larval condition and never assume the adult form. These forms
are like larvffi in all respects excepting the development of the

reproductive organs ; in some points, however, they have undergone
degeneration ; in Proteus, for instance, the lungs, compared with the

«ize of the animal, are very poorly developed, and they are of just

as little respiratory significance as in the larva. The retrogressions

are in part of such a character as to render it possible to state

Fig. 329. LarviB of the large Triton. A newly-

hatched, from the side and below. £12 days old.

C about 5 weeks old. {A x about 5, B 3—4,

0 scarcely x 2). a anus, / fore limb, g gills, s organ

of attachment.—After Rusconi.

* The larvie of a South American Frog (Psewdis paradoxa) are huge.

I) 1) 2
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definitely that these forms are no longer capable of
undergoing metamorphosis.*

In two genera of tlie Urodela, Menopoma and Amphiuma, the gills atrophy,
but the giU-slits persist, and in many respects the animals remain in a lars-al. or
more correctly, in an intermediate condition.

All living Amphibia are freshwater or terrestrial, they are almost
always small or of a medium size, and feed upon Insects and other
small animals. In earlier times they were to a certain extent
represented by larger forms {see below). Witb regard to the
Geographical Distribution, the remarkable fact, that Urodela belong
almost exclusively to tbe temperate regions of the Northern
Hemisphere, may be noticed.

Order 1. Urodela.

The tail is well developed ; the fore and hind limbs about equal,

and feeble. The larva has three external gills on each side.

1. Newts (Triton) have a compressed tail, and on the dorsal side of the

body, both dorsal and ventral to the tail, is a fin, which is most marked at the

breeding season, and largest in the males. At spawning time they live in water,

otherwise on land (the male, howevei', frequently in water) ; the eggs are laid in

the spring, singly, or in short strings on aquatic plants. The newly-hatched

larva (Fig. 329 A) exhibits jjosteriorly on the head, a pair of stalk-like processes,

by means of which it attaches itself to plants ; for limbs, there are only wart-like

processes, the incipient foi-e limbs
;
they develop gradually, the anterior first

;

the organs of attachment soon disappear. Lai-val life usually lasts some
months. In England are found the Large Water Newt {T. ci-istatus),

with a rough skin; the Small Newt {T. txniatus), the commonest species;

the Palmated Smooth Newt (2*. /ieZveh'ctts), with a filiform tip to its tail,

rare ; the last two are about the same size, the first considerably larger.

2. The Salamander (SrtZamandra 7nacitZosa) is an animal of considerable

size (up to 18 c/m) ; velvet black, with large in-egular yellow spots ; no trace of a

fin ; tail rounded. In Central and South Em-ope
;
viviparous ; the young ones

quite differently coloiu-ed
;
they are born with gills, and both pairs of limbs, and

then only are aquatic. It is of interest that the embryo has much longer gill

laminae whilst stUl within the oviduct, than it has later. The Black Alpine
Salamander {S. atra), allied to the one just described, and quite black, oecirrs

in the Alps
;
viviparous, bearing only two young ones at a time, one in each

oviduct {S. maculosa produces a greater number at a birth). There are several

eggs in the oviduct, besides the one which develops, but they merely coalesce,

and furnish nutrition for the embryo. The embryo has extraordinarily large

gills, which smTotmd a great part of the body before bu-th, but atrophy later

:

metamorphosis thus occm's within the body of the parent ; the Alpine Salamander

is bom on dry land, and is never aquatic.

3. The Axolotl {Siredon mexicanus) is distinguished as ah-eady mentioned

by the fact that, in captivity at least, it does not usually undergo a metamorphosis,

but becomes sexually mature in the lai-val state. The form which does undergo u

* For instance, in Proteus, that portion of the fourth arterial arch which lies

between the ventral aorta and the point of origin of the puhiionary artery is aliseiit,

but it is indispensable for tlic adult Amphibian.
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metamorphosis {Amblystoma mexicanum) is similar to a Salamander. The

Axolotl, which is indigenoiTS to Mexico, is oviparous ; when fii'st hatched, it is

just like the tritou larva of the same stage.

4. Under the name, P e r e n n i b r a n c h i a t a, are collected all the Urodela

described above (p. 403) as retaining gills and other lai-val characteristics

throiighont life. Amongst these is the blind, pale, elongate Proteus anguinem,

which has rndimentaiy ej'^es, and three digits on each foot ; in sxibterranean lakes in

Austria. Fiu-thermore, the genns, Menohranclius, less elongate, with foui* digits

on each foot, and Siren lacertina, which may attain a length of 1 m., -nith

horny jaws ; vermiform, without hind limbs ; both in N. America. The genera,

Menopoma and Amphiuma (the latter vermiform ; with four very small limbs, each

with two or thi-ee digits), lose their gills as ali'eady mentioned, but retain the gill-

slits and several other larval characters. Neai"ly allied to Menopoma, is the

Japanese Giant Salamander {Cryptobranclim japonicus), in which the

branchial clefts are closed.

Related to the living Urodela are the Stegocephala (primitive Amphibia), a

lai'ge group, which lived in the Carboniferous, Permian, and Triassic periods, and
of which a few were remarkable for their great size ; skulls are known of 1'5 m.
long. The skull has a larger nimiber of membrane bones than in existing

Amphibia ; there is, for example, a doiible supraoccipital and several others.*

The skull bones are often scarred externally, and this signifies that they were
located close below the siu-face, covered only by a thin skin ; sometimes tbere

are fim-ows on the head, for the branches of the lateral Iine,f recalling those

Fig-. 330. Skull of a Stegocephalon (Tre-
matosaurns), from below (A), from above (B), and
from the side (C). 1 Orbit, 2 external nares, 3 internal
nares, 4 foramen magnum, a occipital, b parietal,
c frontal, d parasphenoid, g palatine and pterygoid,
t nasal, v vomer, ,r occipital condyles. The other
letters distingTiish various membrane bones.

of many Fish. As in the Amphibia of to-day there were two occipital condyles.
The notochord was, to a large extent, persistent, the centra often biconcave

;

ribs sometimes long.J Some Stegocephala have five digits on the fore limbs.
The sclerotic coat of the eye (unlike that of existing Amphibia) usually had a
ring of bony plates. In the skin of the ventral surface (rarely on the dorsal)

* Between the parietals there is often a fairly large parietal foramen, which
mclicates the presence of a parietal eye (see p. 337).

t The head often forcibly recalls that of the bony Ganoids.

t The stermun was cai-tilaginous, but there was an epi sternum and a
clavicle, like those of the Lacertilia.
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bony scales wei'e developed. The surface of the teeth, iii Boine of the
Stegocephala, has deep, compressed spiral folds, which, especially at the bases,

stretch far into the mass, and in transverse section look like cui-ved lines ; hence
the name Labyrinthodonta, v/hich has been given to this group, but
which only suits one section of the members, since the rest have teeth of

simple sti'ucture.

Order 2. Anura.

Tliere is no projecting tail in tho adult. The hind limbs, which
are alw^ays more powerful than the anterior, are jumping or swim-
ming legs, and have a larger or smaller wel) between the toes. Lower
jaw edentulous. Larva at first with external, later with internal,

gilla.

The young 1 a r v se (Fig. 327 A—B) ai-e small, elongate animals, having
three external gills on each side, and a pair of sucker-like sticky organs on the

head, by means of which they attach themselves firmly to plants, etc. ; limbs are

absent. After a few days the external gills are covered by an operculimi, and
atrophy, whilst internal gills arise on all the gill-bars (see above, p. 398). Simul-

taneously the form of the body changes, head and trunk together Ijecome almost

spherical, as distinct from the powerful tail with its large fin (Fig. 327 C) ; the

adhesive apparatus disappears. The larva (tadpole),which has horny jaws and a long

coiled gut, feeds upon decayed vegetables, dead animals, or mud; it is an active

svdmmer. Of the gradually developing limbs the anterior lie ^\'ithiu the branchial

cavity during the whole of larval life ; that is to say the points at which they

project are covered, like the gill-bars, by the operculum. The fore limbs break

throiigh the outer wall of the branchial cavity, but this only occm'S at the meta-

morphosis when the tail dwindles ; the teeth develop (that is if the adult has

teeth), the small mouth enlarges, etc.

1. Frogs (Bana) have teeth in the upper jaw; a smooth skin; round

pupil; long, strong hind limbs, with perfect webbing between the toes. The

eggs are laid in large masses. The following species inhabit the British

Isles: the Common or Grass Frog {Bana temporaria). which usually

lives on land, and betakes itself to the water only at the breeding season, the

early spring, in contradistinction to the lai-ge Edible Frog (B. esculenta),

which lives the whole year thi-ough in water, and which swims and springs better

than the others ; it spawns later also, and its lai-vaj attain a considerable size.

2. Tree Frogs {Hyla, etc.), are distinguished from others in having a

sucking-disc at the tip of each toe. The gi-een Hyla arborea, which is usually

found on ti-ees, except during the breeding season, occm-s over most of Europe.

3. Land Frogs, or Frog-toads (PeZo&a^t'rf^*') differ from true Frogs

in the short hind legs ; erect pupil ; and wai-ty skin. The following Em-opean

forms may be noted: the Orange-speckled Toads (Bomhinator igneus

and B. bombinus), ventral sui-face black and yellow ; Pelobatei< fitscus. hind foot

with a horny knob, sharp as a knife on its inner side ; the lai-va reaches a stiU

greater size than that of the Edible Frog ;
Alytes obstetricans. of which the males

wrap the eggs round their hind legs and carry them about with them imtil the

lai-va; ai-e ready to hatch, when they go into the water and the larva5 leave the

egg-shells.

4. The Toads (Biifo) ai-e edentulous, have shorter hind limbs than the

Progs, and an imperfect web between the hind toes, transverse pupils, warty skm.

The eggs are laid in long strings. In Englaud : the Common Toad
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(B. vulgaris) and the Natterjiick Toad (5. caJamito), with a longitudinal

yellow stripe down the back.

5. The Surinam Toad {Pipa americana), a large, flattened Amphi-

bian, with small eyes, no tongue, no teeth, with large webs between the

hind toes. With the help of the male, the fertihsed eggs are placed on the

back of the female : a small depression forms for each egg, in which it develops,

and where metamorphosis takes place. S. America.

Order 3. Grymnophiona.

Tlae body elongate, vermiform, and apodous ; tlie tail rudimentary,

eyes degenerate ; skin witli ring-like

srrooves on the surfa-ce, often contain-

ing bony scales.

The Gymnophiona (genus Coecilia

and others) live in the eai-th in warm coim-

tries
;
they feed on Earthworms and such

animals. The embryology is well knovra

only for a single species, living in the

East Indies, Epicriwm glutinosuvi. This

form lays its eggs in a hole in the groimd,

coils its body round them, and does not

leave them imtil they are hatched. The

completely developed embryo possesses thi-ee

paii's of gills, similar to those of sala-

mander larvaj, rudimentai-y hind limbs, and

a short tail, provided with a fin.* It

loses its gUls on hatching, and betakes pig.. 331. Embryo of Upi-

itself to the water, where it lives for some crium glutinosum, removed

^jjj^g
from the egg.—After Sarasin.

Class 4. Reptilia.

As regards external form, tke body is very like tliat of the

Urodela, but differs in the presence of a more pronounced neck.

The powerful tail is not sharply demarcated from the body, and is

often quite round in section. The limbs are generally, as in the

Urodela, small, and feeble as compared with those of the two following

classes ; elbow and knee are turned outwards ; the tail is usually

still important as a locomotor organ.

The skin is provided with a hard stratum corneum, which is shed

entire at certain periods (several times a year), in Snakes and some
Lizards ; the former draw oif the " slough " inside out, the latter

crawl out of it. In the majority of Lizards, however, the horny

layer is moulted in large pieces, in the Chelonia and Crocodilia in

* It is very remarkable that the egg increases in size after it is laid, untU the
diameter becomes twice as great, and the embryo weighs almost four times as much as
the new-laid ogg. This is probably consequent, to a gi-eat extent, iipon an absorption
of water, but possibly the egg also takes in a secretion from the cutaneous glands of
the female.
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quite small shreds ; the very hard and thick portions of the stratum
corneum are not thrown oif . The surface of the body is covered with
so-called scales, which are, however, quite different in structure
from those of Eish. The reptilian scutes may be termed dermal
warts; they are usually flattened, lie close together, and are
regularly arranged. In the furrows between the scales, the corneu)ii
is thin, on their surface, thicker. In some cases, e.g. in Geckos and
others, the scales are simple round warts, granular scales. On

0 D
Fig. 332. Longitudinal section through various s c a 1 e .s of Eeptiles : diagrammatic.

A gi-amUar scales, B shield, C splint scales, D do. with ossifications, h cuticle, mucous
ayer of the epidermis, I dermis, o bony plates.—Orig.

the head, sometimes also upon other parts of the body, there may
be shields, i.e., large flat plates, separated from their neighbours

by regular grooves. In most cases, the scale is drawn out posteriorly

into a point, which overlaps the one following, true scales; if

these are much broader than they are long, as on the ventral side of

the body in Snakes, they are termed splints. Not infrequently

the scutes are developed into longer or shoi'ter spinose scales,
as iu many Ground Iguanas, and on the back of some Tree Iguanas,

etc. True scales have often a small median keel {e.g., in many
Snakes) . Occasionally, ossifications occur in the dermis ; there

is, for example, in each scute of the Blind-worm, a small bony plate;

in the Crocodilia, there are similar but larger plates in the dei'mis
;

and in the Chelonia they are very large, and often connected by

sutures, thus making a continuous bony shell round the animal

;

the boundaries do not correspond with the grooves between

the scutes. Skin glands are but slightly developed in the

Reptilia ; there is, however, e.g, in many Lizards, a row of large

glands on the thigh (their openings are termed femoral pores ; or, in

front of the anus, pre-anal pores) ; in the Crocodilia also, and in many
Chelonia, large isolated skin glands occur. The digits, in contra-

distinction to those of the Amphibia, are provided with claws,
peculiar horny structures, covering the last phalanx like a ca])

;

they are not affected by the ecdysis; they grow gradually from

within, and are simultaneously worn away at the surface.
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In the adult, the skeleton is only to a slight extent carti-

laginous ; it consists almost entirely of bone. The notochord has

usually disappeared; only in the Geckos does it persist as a

continuous cord extending the whole length of the vertebral column.''^

The centra usually articulate; they are generally procoelous

;

in the Crocodilia, there are cartilaginous discs between thera.t

The vertebral column is usually divisible into more regions than

in the Amphibia: first, there is a variable number of cervical
vertebrae, without ribs or Avith short ones; then a number

provided with longer ribs, the thoracic vertebrae; these are

often followed by several ribless lumbar vertebrae; then the

sacral vertebrge, usually two, to the transverse processes of

which the pelvis is attached (occasionally, especially in certain extinct

Reptilia, there is a larger numbers of sacrals)
;

lastly, the caudal
vertebr£e,t without ribs. In the Snakes, however, in consequence

of the absence of limbs, these distinctions do not hold ; all the

cervical and dorsal vertebrtB, with the exception of the first, bear

well-developed ribs ; there are no sacrals, and therefore trunk and

caudal vertebrae only can be distinguished. The first two cervicals,

the atlas and axis, are peculiar in form (Fig. 333) . The centrum

Fig. 333. Diagrammatic
transverse section of the
atlas of one of the higher
Vertebrata. 6j arch of the
atlas, 1 odontoid process,

,v bony plate, I ligament.

—

Orig.

Fig. 334. Diagram of

axis. 1 centrum of atlas,
'2 centrom of axis, arcli

of axis.—Orig.

Fig. 333.

V

Fig. 334.

of the former is fused with the second, forming a process (the

odontoid) at its anterior end. The first vertebra is, therefore,

merely a bony ring formed by an arch, bridged below by a bony

* In the young Lacei-ta, etc., considerable portions of the chorda dorsalis are
present in the centra, bnt they disappear later.

fTransverse processes are especially well-developed in the Crocodilia

;

here they are large on most of the vertebrae, althoxigh elsewhere they are most
prominent in the tail. Frequently {r.g., in the Snakes) an unpaired process arises
from the ventral side of the centrum of many of the vertebrae, the ventral spine.
Definite ai-ticular processes (/.ygapophyses) are present ; in the Snakes and some
Lizards (Iguana), besides these, there arises from the anterior side of each
neural arch, a single process, with two articular facets Czygosphene) , each of which
fits into a pit (zygantrum) in the preceding vertebra, and thus the connection is made
still firmer.

X In most Lizards, the tail breaks with peculiar readiness ; this is correlated with
the fact that in the middle of each caudal centrum, there is an uncalcified transverse
•disc. After fracture, the tail gi-ows again.
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plate. The lower portion of this ring receives the odoutoid process,
and ifi separated from the upper, through which the spinal cord
passes, by a broad connective tissue ligament. The thoracic ribs
consist of an upper bony region and a lower portion, which is often
cartilaginons ; the latter is sometimes, e.y., m Crocodiles, divided into
two parts: from the bony portion a flat backwardly-directed
process [processus imcAnatuf,) is occasiouaHy given oft' (Crocodiles).
The anterior, or true, ribs are attached to the sternum, in Lacertilia,

Crocodilia, and, many extinct forms ; the posterior ribs are free (false

ribs)
;
no such distinction can be made in the Chelonia and Ophidia,

for a sternum is not present. The ribs are partly fused to the dermal
skeleton in Chelonia. In Crocodilia, small ribs, which for the most
part articulate by two heads, like the thoracic ribs, occur on all

the cervical vertebrte ; the same points may be observed in Lizards,,

where, however, there are none on the atlas. The posterior cervical

ribs become successively longer, so that there is a gradual transition

from cervical to thoracic vertebrte.^ Azygos, forked bones, the

h^mal arches, occur ventrally, in Lizards and Crocodiles,

between the caudal vertebrte, but have not coalrsced with them. The
sternum (Fig. 339) which is absent from the Chelonia and
Ophidia, is usually a short rhomboidal plate, which sometimes [e.g.,

in Crocodiles) is prolonged posteriorly into a long narrow process;

it is cartilaginous, and is usually calcified. Connected with the

sternum anteriorly is a flat, longish membrane bone, the epi-
sternum, which partly covers it and is often drawn out anteriorly

into two processes one on either side.

The skull consists principally of bone, and in many Reptiles is

compressed between the orbits to form a perpendicular plate

of cartilage or even partly of mere fibrous connective tissue, the

interorbital septum; the brain is situated behind this plate; in front of

it lies the olfactory organ. There is only one occipital condyle
below the foramen magnum. The premaxillaet and maxillae
are firmly attached to the skull, as are also the bones formed in the-

place of the palato-quadrate
;

viz., most posteriorly, the quadrate
which bears the articular facets for the lower jaw ; in front of this th&

pterygoid; and still further forward the palatine ; the two

last bones extend forwards from the quadrate, inwards from the large

maxillfe. The extraordinary mobility possessed by the palato-pterygo-

quadrate arcade, in connection with the maxilla, in Snakes, is

remai-kable ; the quadrate in Lizards is also, to some extent, movable,

but quite immovable in the Crocodilia and Chelonia, in which groups,

the palatmes, pterygoids and maxillaj are fix:ed. The lower jaw

* There is a number of narrow membrane bones, the so-called abdominal
ribs, in the abdominal wall of Crocodiles, which must not be confused with true ribs.

They have no connection with vertebraj, and are, not like ribs, preformed in cartUage.

t In Smvkes and many Lizards the premaxillaj are fused.
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consists of several bones : of these the most anterior may be anchylosed

with its fellow of the other side, as in Chehmia. The hyoid

4

Fig. 335. 1 and 3 Skull of a L i z a r d (Varanus).—2 and 4 of a Crocodile, dorsal and

ventral. C occipital condyle, Ch posterior nares, co columella, E Eustachian tube, Fr frontal,

Ju jugal, Ir in 2 lachrymal (in 1 a membrane bone present in some forms), Mx maxilla,

Na nasal, Oh basi-, 01 ex-, Os supra-occipital, Pa parietal. Pal palatine, Pf postfrontal,

Prf prefrontal, Pt pterygoid. Pa; premaxilla. Q quadrate, Qj (and the lower Q in 1) quadrato-

jugal, Spo basisphenoid, Sq squamosal, Tr transverse bone, Vo vomer.—After Gegenbaui-.

apparatus, i.e., the visceral skeleton, with the exception of the first

visceral arch (the quadrate, pterygoid, palatine and mandible),

consists, in the Chelonia and Lacertilia,

of an unpaired portion, the body of the

hyoid, corresponding to the basi-

branchials of Fish, and two pairs of

c o r n u a which represent the hyoid

and the first gill-bar respectively ;* in

Crocodiles and Snakes only a single

pair of horns is present, in the latter

group the whole apparatus is very

poorly developed.

The most impoi-tant bones of tlie

reptilian skall, besides those aheady
mentioned, are the following : the o c c i -

pitals, a supra-, basi-, and two

ex-occipitals, siuTOimding the foramen

magnum; the petrosal, in front of the

Fig. 336. Hyoid of a Lizard,
c body of the liyoid (copula), hr^ first,

gill bar.—After Walter.

* In some Lizards there are traces of two comua representing the second gill-bar.
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^exoccipitals ; the s q u a in o s a 1 , in the same region, projects far forwards in

'Snakes, and is connected with the qnadrate ; the b a s i s p h e n o i d, in fi-ont of the

basi-occipital, and like this, an ossification in the lowei" wall of the skull. A
p a r a s p h e n o i d is n o t developed (c/., Fish and Amphibia). The anterior wall

of the brain-case is often unossified and membranous, sometimes with isolated

ossifications. Dorsally there is a miiuber of bones; the pari eta Is, which are

generally (Snakes, Lizards, Crocodiles) fused; the f rentals, an unpaired Iwne.

in Crocodiles and many Lizards ; the post-frontals, l>ehind, the pre-
frontals, in front of , and the lachrymals, below, the orbit (the last is

present only in Lacertilia and Crocodilia) ; the nasals behind the exteraal

nares. Below the oi'bit and behind the maxilla, there is iisually a j u g a 1 , and

from this to the quadi-ate stretches the q u a d r a t o - j u g a 1 ; a paii-ed or unpaired

vomer lies ventrally, in front of the palatine. Extending from the pteiygoid

to the maxilla, there is in Crocodiles, Lizards, and Snakes, the peculiar

transverse bone which is peculiar to the Reptilia. There is yet another

peculiar bone iji many Lizards, the columella, extending almost pei'pen-

• diculai'ly from the parietal to the pterygoid.

The shoulder girdle of the Reptilia is veiy like that of the

Amphibia. In Lacertilia^ which will be considered first, it is

Fig. 337. Left half of the skull of a Boa constrictor, seen from the side (and

^somewhat from above).—Orig.

Fig. 338. Do. of a large C r o t a 1 u s (Craspedocephalus atrox).— Orig.

Ft frontal, h oar bone, Mx maxilla, nasal, Os supra-occipital. Pa parietal, Pnl palatine,

Pe petrosal, Pf postfrontal, Prf prefrontal. Pt pterygoid, Px premaxilla. Q quadrate, Sq

:squamo8al, Tr transverse bone, 1, 2, 3 bones of the lower jaw.
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represented on each side by an arched^ partially ossified plate, which

articulates below with the front edge of the sternum. A scapula
is distinguishable above the glenoid, and below this a coracoidj
which is usually divided by one or two large fenestrge into two or-

three regions. The scapula is divided into an upper and a lower-

portion, of which the former consists of calcified cartilage, the latter

of bone ; it is connected with the coracoid by a suture or is fused

with it. A clavicle reaches from the scapula to the epi-

sternum. In the Crocodilia the shoulder blade is almost

entirely ossified, only the upper edge being cartilaginous (supra-

scapula) ; the coracoid is a simple bone, and the clavicle is absent.

In the C h e 1 o n i a the coracoid is divided, as in the Lizards, intO'

anterior and posterior regions, which are, however, quite separate

the former, the precoracoid, is fused with the scapula, which it meets-

Fig. 339. Sternum and sliou Icier g:irdle of Lacerta spread out, the scapula
in reality bends upwards. The right clavicle has been removed, a glenoid for the humerus,
r^t cla-dcle (in the species figured perforated by a large fenestra), co coracoid, co' cartila-
ginous epicoracoid, ep episternmn, r ribs (cut a-way), sc scapula (here anchylosed to the
coracoid), sc' cartilaginous supra-scapula, st sternum.—Orig.

at a right angle ; the latter, the postcoracoid, is a separate bone..
In the Ophidia the shoulder girdle is altogether wanting. With
regard to the fore limb it must be noticed that the ulna is

the stronger of the two bones of the forearm. In the Chelonia
the nine primitive bones are present in the carpus (sometimes
some are fused) ; in the Lizards, too, the carpus is little modified;
whilst in the Crocodilia it is distinguished by the large size of
the two proximal bones, and by the degeneration or fusion of
the distal carpals. Attached to the outer side of the carpus there-
is usually a sesamoid bone, the pisiform. The number of
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fingers is usually five, but may be smaller ; the phalanges vary in

number ; in the Lizards they are generally as follows : two in the

thumb, three in the second, four in the third, five in the fourth,

three in the fifth digit.

Fig. 340. Fig. 341. Fig. 342.

Fig. 340. Carpus of a Turtle. 17 lower portion of the ulna, R of the radius,

u ulnare, i intermedium, r radiale, c centrale, 1—5 carpals first to fifth ; s pisiform : I—V
metacarpals.—After Gegenbaur.

Fig. 341.—Carpus of a Lizard (Lacerta agiUs).

Fig. 342.—Left half of pelvis of a Lizard (Varanus
-Js ischium, P pubis, I acetabulum.—After Gegenbaur.

Modified from Gegenbaur.

Jl Ilium, a its hind end,

The pelvis is composed of three bones on each side, the ventral

portion being separated by a large fenestra into anterior and posterior

parts, which ossify separately, the pubis and the ischium;
they are connected medianly with their fellows of the other side; all

three bones generally take part in the formation of the acetabulum.

A pelvis is usually altogether absent from the Ophidia, but occasion-

.ally rudiments of it are present, e.g., in the Peropoda with rudimentary

hind limbs. In the tarsus"^ some of the bones are always fused

;

it is important to note, that the proximal row of tarsals with which the

centrale is also counected, is usually closely united with the distal end

of the leg, and movement in the ankle occurs between the proximal

and distal rows of tarsals, whilst there is very little or none between

the leg and the proximal row (c/. Mammalia) .t The toes are like

the fingers ; five are usually present ; the number of joints varies : in

Lizards beginning with the hallux, as a rule, two, three, four, five,

four.

The brain of Reptilia is generally rather small. In some forms,

especially in Crocodiles, the cerebrum attains relatively large

* In Crocodilia the pubis is, however, excluded from the acetabulum, which is

formed by ilia and ischia alone.

t As regards special arrangements it may be mentioned that tlie bone of the

proximal row, which corresponds with the calcaneum of Mammalia, is provided in the

>CrocodiIia with a similar process (tuher calcis).
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the

for-

are

groove
fnty

proportions, just as does tlie cerebellum, whicli in Lacertilia and

Ophidia forms simply a narrow ridge in front of the medulla oblongata.

Olfactory organs, the

nasal capsules, occupy the front ^

end of the head, and are sepa-

rated from one another by the

nasal septum. Each capsule is

a fairly roomy cavity, usually

provided with a large projecting

fold, the t u r b i n a 1 ; the ex-

ternal nares are small,

internal usually open far

wards in the mouth, and

often prolonged into a

•on the roof ; in Crocodiles,

however, this groove, by the

curving over and concrescence

•of its edges, has become a tube,

•opening far back in the mouth
(Fig. 346), and covered below

by portions of the maxilla,

palatine, and pterygoid.

Optic Organs. The
sclerotic is usually partly carti-

laginous, and in Lacertilia and
Chelonia, though not in Ophidia and Crocodilia, it exhibits a

ring of thin, bony plates, the sclerotic ring, surrounding the

cornea. In Lizards, a process, projecting freely into the vitreous

humour, and corresponding to the p e c t e n of Birds, arises from

Fig. 343. Brain of a Lizard from above

(^4) and from below (B). I olfactory lobes,

/ cerebrum, mi optic lobes, b cerebellum,

e medulla, r spinal cord, .? optic nerve, t hypo-

physis. In A in front of the mid-brain may
be seen the lower portion of the epiphysis.

—

After T. Jeffery Parker.

A B

Fig. 344. A Vertical

rsection of the eye and
eyelids of a common
Lizard, B the same of a
Snake; both diagram-
matic, h cornea, o upper,
u lower eyelid, o bulb of the
eye (in outline).—Orig.

the inner wall of the optic bulb, at the entrance of the optic nerve

;

in others it is absent or rudimentary. An upper and a lower

eyelid are present, of which the former is only slightly movable,

whilst the latter can be moved across the eye as in Amphibia. The
lower lid is often somewhat transparent centrally {e.g., in the common



416 Vertebrata.

Lacerta) ; in certain other Lacei-tilians quite transpareut. In the
Ascalabotidas, a few other Lizards, and in the Snakes, it is

not only transparent, but remains drawn over the eye, with its upper
edge fixed to the upper eyelid, so that there is an enclosed space in front

of the eye ; these animals seem to be unable to " shut " the eye, the
transparent lid looking like a cornea, but as a matter of fact it is

always closed. There is usually a nictitating membrane.
Besides a lachrymal gland, a lachrymal duct and a Harderian gland

are also present. For the parietal eye, see p. 337.

Auditory organ. The cochlea of most Reptilia is as little

developed as in Fish and Amphibia, and is only a small evagination

;

in the Crocodilia, however, it roaches a much higher stage of devel-

opment, as a fairly large, closed tube. The outer wall of the skull,

which lies above the cochlea, is pierced in the Reptilia by an opening,

covered by connective tissue, the fenestra rotunda; above the

sacculus there is, as in Amphibia, a fenestra oralis, which is

closed by a process of the pro-otic. There is usually a tympanic
cavity, closed towards the surface by a tympanic membran e,^

which lies in a shallow groove, not, as in Amphibia, at the level of

the rest of the skin. The tympanic cavity in the Lacertilia, as in the

Amphibia, communicates directly with the mouth by a wide aperture
;

in the Chelonia and Crocodilia, on the other hand, by a narrow

canal, the Eustachian tube. The Crocodiles are peculiar in

that the tympanic cavity is connected with air spaces in the

wall of the skull, and that the two Eustachian canals open by a

common aperture into the mouth, not far behind the internal nares.

In the Ophidia and some Lacertilia tympanic cavity and membrane

are entirely absent. There is a columella, like that of the

Amphibia ; its flattened portion fits into the fenestra ovalis, and

the other end is attached to the tympanum, when there is one. An
external ear" occurs, in the Crocodilia, as a flap or fold of

the skin covering the drum externally.

Teeth occur, in most Reptiles, on premaxilla, maxilla, and

mandible ; in Snakes (in which the premaxilla is usually edentulous)

and in Lizards, they are often present on the palatine and pterygoid

also, whilst they are entirely absent from the Chelonia. They are

usually attached to the bones by osseous tissue
;
only in the Crocodilia

are they implanted in sockets. Replacement teeth are formed con-

tinuously throughout life ; the old ones fall out ; the osseous

substance which attached them to the bones and the lower portions

of the teeth themselves, being reabsorbed. The teeth are usually

simple, most often conical; sometimes distally compressed and

pointed ; sometimes they are knob-like. Usually, all the teeth in one

* A tympanic cavity is present in Chameleons, and is closed externally by an

iinilifferentiated portion of skin. A specially developed tympanum is wanting.
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animal are identical in form (homodout). (For the poison teeth of

snakes, see p. 423, and Fig. 348). The tongue, which is attached

behind free in front, is very varied in form ; in the Crocodilia and

Chelonia, it is but slightly movable, with a short tip, and incapable

of protrusion ; whilst in the Lacertilia, it has generally a long, often

very long, and bifid, tip ; in the Ophidia, too, the tongue is long,

narrow, and bifid, and can be stretched far out of the mouth ;
here,

and in one division of the Lacertilia also, it can be withdrawn into

a sheath on the floor of the mouth. (For the peculiar tongue of

the Chameleons, see p. 422). The oesophagus is long, and

capable of considerable distension. The stomach of Crocodiles

is very muscular, provided on each side with a tendinous disc, to

which the muscle cells are attached ; it suggests the gizzard of Birds.

The small intestine varies in length, the rectum is short.

Respiratory organs. The trachea of Eeptilia is long,

and its wall is strengthened with numerous cartilaginous rings. The

A B C D

Pig. 345.—Diagrams of various lungs. A Triton, B Frog or small Lizard, C Tortoise,D Turtle, h bronchus, h cavity of the lung, a evagination of the lung. Connective tissue
clotted.—Orig.

anterior portion, the larynx, is furnished with special pieces of
cartilage, and in some Lacertilia (Geckos, Chameleons), as well as in
the Crocodilia, possesses a pair of vocal cords which do not occur in
others. The entrance from the mouth is through a longitudinal slit

behind the tongue. At the hinder end, the trachea divides into two

E E
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shorter or longer bronclii,* one for each lung. The lungs are uf

very diverse forms, which may, however, all be referred to a common
t3rpe. The simplest occurs in many small Lizards {e.g., Lacerta)

;

here, just as in the Anui'a, there is a capacious sac, with numerous
short (and veiy closely connected) evagiuaticms, which are again

provided with still smaller outgrowths. In the Tortoises
{Emys), the posterior region of the lung is similar to that of

Lizards, but the anterior larger portion has been drawn out to a

narrow tube with a number of evaginations, some very large and

deep, which are again provided with smaller pits, all being bound

together by connective tissue. In Turtles {Chelonia) , the postei'ior

portion of the lung has also become narrow, and is furnished with

deep outgrowths ; in the anterior region, there are transverse rods of

cartilage in the walls of the bronchi, not in the sacs. The arrange-

ments in the Crocodilia are similar, but the rods of cartilage have

become rings like those of the trachea.t Amongst special conditions,

it may be mentioned that the lungs of the elongate, apodous
Lizards {e.g., the Blind-worm), are of unequal length, the right

being the longer. In Snakes, too, the right lung is the larger ; as

n g s

Fig. 346. Head and neck of an Alligator; posterior portion cut m bngitudina

section. / transverse fold behind the tongue, g brain (only indicated), I trachea (longitudmal

section), V its opening, n left external naris, n' left internal naris (the posterior portion of

the nasal tube is cut into), s skull, .•*p cesopliagus (opened), u lower jaw, x tongue.- Urig.

* Sometimes (Snakes, some Lizards) the bronchi are so short, that the two lungs

open tlirectly into the hinder end of the trachea.

+ The lungs of some large Lizards are like those of the Chelonia and Crocodilia
;

others occupy an intermediate position. Among the Reptiles, the size of the

animal has a direct influenc3 on the structure of the lung
:
the most complicated

structure [i.e., the relatively largest respiratory surface) is shown by the largest forms,

cf.. General Part, p. 28.
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a rule the left is rudimentary or absent. The Snakes are also peculiar,

in that, whilst the anterior jDortiou of the lung is like that of a Lizard^s

;

posteriorly, it is simply a smooth unfolded sac which receives blood,

not from the pulmonary, but from one of the systemic arteries

;

this portion is entirely without respiratory siguificauce. The
Chameleons (and some other Lacertilia) are characterised by
the possession of thin-walled, linger-like sacs extending from the

lungs between the viscera. The animal can fill these with air so

that the size of the body is noticeably increased. Inspiration,
in the majority of cases, is eifected as follows : the capacity of the

trunk is increased by movements of the ribs, so that the air in

the elastic lungs is rarified, and exteimal air rushes in through the

nares to equalise the pressure; expiration is brought about
by reversed movements of the ribs. In the Chelonia, where the

ribs are immovable, inspiration results from the contraction of a
special diaphragm-like muscle in the

body-cavity [cf., the Mammalia)

.

In the Crococlilia the inner nares ojien, as

ah-eady noticed, far back in the mouth. On
the back of the tongue (Fig. 346) there is

a projecting, stiff, transverse fold, which, when
the mouth is opened, lies against the palate

and separates a posterior cavity into which the
internal nares open above, the trachea below.
In consequence of this arrangement the animal
can he in the water with its month oj^en wait
ing for prey, and if only the snout with the
external nai-es is above the siu-face can breathe
quietly.

In consequence of the development
of a neck, the heart in Reptiles is

further from the head than in Amphibia
and Fish. The atrium is separated
into a larger right, and a smaller left,

auricle, of which the latter receives the
blood from the lungs, the former, that

from the rest of the body. The ventricle

shows only the beginning of a division

into two, for the septum is still in-

complete ; in the Crocodilia alone the
right and left ventricles are completely
separated, and connected only with the
right and left auricles respectively, so

that the arterial pulmonary, and the
venous systemic blood are entirely

separated within the heart. The conus
absent, so that the arterial trunk springs

act

Fig-. 347. Diagram of tlic
heart and arterial arches of a
Crocodile. a rigiit, a' left
auricle, v and v' riglit and left
ventricles, 1, V carotids (arterial
arch 1) ; 2,2' right and left aortic
arches (arterial arch 2) ; c thin part
of 2', after giving off tlie vessel m
to the intestine

; 4, 4' pidmonary
arteries (arterial arch 4), (to aorta.—Orig.

is either rudimentary or

direct from the ventricle.

E E 2
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It is uotj however, single, as in tlie Pisces and some Arapliibia;

but is divided into three vessels derived from three pairs of
arterial arches, viz., 1, 2, and 4. The first of these vessels

forms the carotids (arterial arch 1) and the right aortic arch (the

rig-ht arch of the second pair) ; the second is prolonged into the

left aortic arch (the left arch of the second pair), whilst the third

forms the pulmonary arteries (arterial arch 4). At the origin of

each vessel there is a transverse row of valves. The carotids and
the right aortic arch arise from the left ventricle and carry arterial

blood, whilst the pnlmonaries and the left aortic arch are given

o& from the right ventricle and carry venous blood. In conse-

quence of this arrangement, the head is supplied with pure blood,

whilst the aorta carries mixed blood, for it is formed of the union of

two arches, of which one contains arterial, the other venous, blood.

In the Orocodilia, the larger poi-tion of venous bloodfrom the left aortic arch goes

direct to the alimentary canal, by a vessel {m) which it gives off before it unites

with the right aortic arch, so that in the aoi-ta arterial blood preponderates.* In

other Reptiles, in which the ventrictdar septum is quite imperfect, the blood

is mixed within the heart itself, but here various aiTangements pi-event the

mixing from being as comj)lete as might be expected. The whole mechanism
is too complicated to receive more detailed consideration here.

The kidneys are somewhat elongate, lobulated organs, lying

posteriorly in the body-cavity ; the urinary tubules have no open

funnels as in the Amphibia. The ureters discharge separately into

the cloaca, not into the urinary bladder. There is a urinary bladder

in Lacertilia and Chelonia, not in Ophidia or Crocodilia; it is an

evagination of the ventral wall of the cloacat; the openings of the

ureters are not far from the opening of the bladder.

The two ovaries are racemose when ripe in consequence of the

large size of the ova; the oviducts (Miiller's ducts) are of the ordinary

type, and open separately into the cloaca. In Snakes, in correspond-

ence with the elongation of the body, the ovaries lie one in front

of the other. The testis is connected, by an epididymis of fine

tubules, with a sperm duct which opens into the cloaca. C o p u -

latory organs of two kinds are met with. In the Lacertilia
and Ophidia there is a p a i r of these organs ; on each side,

quite close to the anus, there is an opening leading into a sac or

tube, which extends back below the skin of the tail, and is to be

regarded as an invagination of the skin ; this sac can be everted, and

then displays on its surface a spiral groove, along which the sperm

can travel when the organ (which is often provided with spines or

* The right arterial arch (and the carotids) communicates with the left arterial arch

by means of an opening in the septum between the two vascular trunks
;
mixing of

the blood, however, occurs only to a very limited extent at this spot.

t In the Chelonia, besides the unpaired m-inary bladder, a pair of simUar sacs of

unknown significance opens into the cloaca.
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folds) is inserted into the cloaca of the female ; tlie sac is withdrawn by

a muscle attached to its end. In the Crocodilia and C h e 1 o n i a,

the penis is, on the other hand, an unpaired, solid, linguiform organ

which is attached to the ventral wall of the cloaca, and can be

protruded froua the anus ; it has a seminal groove on its upper surface.

The eggs of Eeptiles are relatively large. During their passage

through the cloaca, they are surrounded by albumen and a calcareous

shell, which in Lacertilia and Ophidia, is usually leathery and tough,

in Crocodilia and most Chelonia hard and brittle, like a Bird's egg-

shell. The shell is usually oval, occasionally round, the latter in

most of the Chelonia. The eggs of not a few Ophidia and some

Lacertilia remain so long in the oviducts, that the young ones are

born alive. The eggs of such forms are usually provided with shells

which are thrown ofif at birth. Segmentation is partial, food yolk

abundant; the embryo is surrounded by embryonic membranes

(see p. 353). The animal, when newly hatched, is in most respects

like the adult.

In the fully-developed embryos of Opliidia and Lacertilia, there is a median

tooth on the iipper jaw (a true tooth) which is used to cut through the egg-shell.

The embryos of Crocodilia and Chelonia have, at the tip of the snout, a wart-

like, very cornified projection, with which to break the shell.

The Eeptilia are for the most part terrestrial; but a few

are amphibious, for they live partly in the water (sea or freshwater),

partly on land ; most of them prey on other animals (Insects,

Yertebrata, etc.). They are numerous in the tropics, occur sparingly

in temperate regions, and are absent from colder zones. At earlier,

periods of the earth's history, in Mesozoic times, this division

was much better represented, and, in part, by much larger forms

than at the present time.

Synopsis or Existing Orders op Eeptilia,

Movable quadrate. Anus
1. Lacertilia. Usually with limbs. Scales ven-

trally. Rami of lower jaw fii-mly anchylosed.

a transverse slit. Paired 2. Ophidia. Without limbs. Splints ventrally.

copulatoiy organs.

Quadrate immovable.
Anus not a transverse <

slit. Penis unpaired,

Rami of lower jaw connected by an elastic liga-

ment.

3. Chelonia. Edentulous,

case roimd the body.

4. Crocodilia. Teeth in sockets

Continuous bony

Heai"t ^^ath

[ two ventricles.

Order 1. Lacertilia (Lizards).

For the characters of the Lacertilia, compare the above summary,
and the general description of the Eeptilia, Of the numerous forms,
a few examples are given below.
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1. Lizards (Laccrta) hiive a lony- round tail; well-developed limbs; small
dorsal scales, larger ones ventrally, usually arranged in longitudinal rows

;

tongue well-developed and bifid. In England, the two very similar species, the
Sa n d L i z a. r d (L. arjilis) and the C omm o n L i z a r d (L. vivipara) are abundant.
Allied are the Varanids (Varanufi), large, tropical, old-world fonns with
long bifid tongue.

2. Iguanas (Iguanidw), Lacei-tilia with small scales; and a thick, slightly-
bifid tongue

; many have spines, ridges, and so forth on the skin. They fall

into two natviral groups, belonging to the Old and the New "World ; the former
acrodout (i.e.. with teeth fused to the edge of the jaw), the latter pleuro-
d o n t (teeth on the inner side of the jaw. Tig. 281) . Within both gi-oups, there are
elongate, long-legged, long-tailed forms (Tree Iguanas), and bulky, flat,

shoi-t-tailed forms (Ground Iguanas); between these, there is no shai-p

distinction, as there are many intermediate fonns. A peculiar genus of

small tree Iguanas, the Flying Lizards or Dragons {Draco volam),
have the false ribs not in the body-wall, but lying tiu-ned outwards, to form on
either side suppoi-ts for a large fold of the skin, which acts as a patagium.
East Indies.

3. The Blind-worm {Anguis frac]ilis), an apodous Lizard, with long tail

and movable eyeUds
;

viviparous ; abundant in England. It belongs to the
family of the Skinks (Scincoidei), wliich are characterised by smooth, flattened

scales, and a short, flat tongue ; within this family, there are forms with weU-
developed limbs, and a relatively short body ; forms with more or less degenerate
limbs and a longer body ; and lastly, apodous species like the Blind-woi-m. The
other species belong to warmer countries ; some occuii-ing on the coasts of the

Mediterranean.

4. Chameleons (Chamseleo) constitute a very peculiar gi-oup of Lizards.

The slit between the eyelids is very naiTOw, the latter almost entirely cover the eye-

ball, to which they are attached, and with which they move ; the tongue, which

can be withdi-awn into a sheath, is club-Hke, of considerable length, and can be

projected some way from the mouth ; the fingers or toes of each foot have gi'own

together into two bundles, each consisting of two or three digits, which are imited

almost to the tip, but separated from the other bimdle down to the tarsus ;
the

two bundles are so turned that they work together like the limbs of a

pair of tongs, arid may be used for seizing branches
;
body compressed ; taU.

curled up ; scales very small ; the power of the Chameleons to change their

colour is very well known : in warmer coimtries (especially Africa) ; one species

in Andalusia.

5. The Geckos {Ascalabotiv) are characterised by the presence of suckers

on the lower side of the toes, and of eyelids like those of Snakes [see j). 415)

;

usually flattened animals, with compressed scales ; in warm coimtries (eA^en in

S. Eui-ope).

6. Ringed Lizards (genus Ampliishsena, etc.), short-tailed, elongate,

cylindi-ical forms, with very small eyes
;
usually apodous (or with only small

fore limbs) ; scales quadrangular, not imbricating, ari-anged in transverse rings

;

mode of life like that of the Ccecilias ; in warm countries (one species in

S. Eiu'ope).

. Order 2. OpMdia. {Snakes.)

Snakes, which are nearly related to Lizards, are characterised by

the absence of limbs (occasionally there are rudiments of tlie hind

ones) ; the structure of the eyelids already mentioned {\^. 415) ;
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by the absence of a tympanum and tympanic cavity; the very

long body, the relatively short tail ; the broad scutes covering the

ventral surface ; the connection of the mandibular rami by an elastic

ligament; the great mobility of the quadrate and the whole jaw

apparatus ; and by the long, bifid tongue. They are distinguished

from apodous Lizards by the possession of the elastic ligament.

A B C D

E

Fig. 348. .4 Poison tooth of a Crotalus, seen from in front and partly from the

outside ; B the same tooth cut through longitudinally ; G Poison tooth of Naja tri-

piuliaiis, seen in similar view ; D transverfO section of the same ; H Transverse section of

the tooth of a Crotalus. /groove, g poison canal, o upper, o' lower opening of the poison
canal, p pulp cavity.—Orig.

by the absence of sternum and shoulder girdle (of these parts there

are at least rudiments in the Lizards), and by the rudimentary hyoid.

On account of the power of widening the buccal cavity, dependent

on the great mobility of jaws and palate, and the absence of a

sternum, the Snakes are able to take in very large prey; they feed

at long intervals (as much as several months). Some snakes (Pi'otero-

glypha and Solenoglypha) are provided with large poison teeth,
with a deep groove on the front side ; the edges of the groove may be
closed or even fused, but it is open at the apex of the tooth. Only
one of these teeth is present at a time, anteriorly, in the maxilla of

either side, and the aperture leading into its canal is connected at the
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base with a poison glaud^ behind the head, which is to be
regarded as a specially developed buccal gland. In the mucous
membrane of the mouth, behind the poison fang, there are several

replacement teeth at various stages

of development. When the tooth is

not in use it is covered by a fold of

the mucous membrane ; it is brought
forward by a movement of the

maxilla, with which it is immovably
connected. In the Vipers the maxilla

is very short and edentulous, except

for the poison fangs ; in the Protero-

Fig-. 349. Poison gland and glypha it bears several other .'^mall,

poison fang of a Snake
;

dia- ^[^^1^ teeth. In one group of Snakes,
gi-ammatic. l gland, g duct of the ^ & ^ >

same, ka poison canal, o upper, o' lower OUe Or more of the posterior
opening.- Orig. maxillary teeth is provided with an

open groove on the anterior side :

grooved teeth. It has been stated that these teeth (always ?)

are likewise connected with poison glands, and that small animals

die soon after being bitten by them.

A few examples of this large group are given below.

1. Giant snakes (Peropoda) exhibit rudiments of the hind limbs in the

form of a smali claw-like process on either side of the amis. Teeth simple.

Large snakes belong here : Python (up to about 10 m. long), several species in

Asia and Africa ; the females incubate their eggs (the warmth of the body
while brooding considerably exceeds that of the environment) : Boa constrictor,

in South America, up to about 6 m.

2. The Colubridce, like those which follow are destitute of j^osterioi

appendages; teeth simple. In Britain, the Ringed Snakes {Tropidonotus

natrix), easily recognised by two lai'ge yellow patches on the back of the head

:

-^sciilapins' Snake (C. ^sculapii) is probably the species venerated by
the ancient Romans. Numerous forms in wai-m countries.

3. The Opisthoglypha possess in the posterior portion of the maxilla one or

several gi-ooved teeth. The Whip-snakes {Dryophis, etc.), a group indigenous

to the Tropics
;
distinguished by their extraordinai'ily long, thin body and pointed

head
;
they live in trees.

4. The Proteroglypha are venomous snakes, which have, anteriorly, in the

maxilla a poison gland with a fine gi'oove on the front side (cf. Fig. 348 C—D),

and behind this, small simple teeth.

a. The Cobra (Naja tripudians) can spread out the skin behind the head

into a wide hood, for the anterior ribs are turned outwards ; a pair of spectacles

is represented on this hood ; 2 m. long; India. The Coral snake (Flaps) is

ringed with black and red; small; in South America. Several other genera

in warm countries.

b. The Sea Snakes (genws Hydrophis, etc.), specially characterised by

the very compressed tail and the very small scale-like ventral splints ; numerous

* The poison g'land opens quite freely on the wall of the mouth, as does the upper

apei-ture of the poison fting ; the two apertures, however, lie close together, with the

edge of that of the gland round the opening in the tooth, so that the poison cannot

flow into the mouth (cf. Fig. 349).
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with line

species in the Indian and Pacific Oceans ;
usually small (rarely longer than the

Ringed Snake, often smaller) ; their bite is dangerous.

5. The SoJenofjlypha or Vipers. The large poison fang is the only tooth m
the maxiUa, it has no groove anteriorly; the head is usually broad behind, and

sharply marked oft from the body.

ft. Common Viper or Adder {Vipera berus),

down the back
;

viviparous

;

abundant in England, es-

jDecially upon sandy heaths.

The somewhat larger S a n d -

viper {Vipera ammodytes),

with upwardly directed pro-

cess on the snout, lives on

the Mediterranean coasts, in

Austria, and in Soiith Bavaria.

b. The Pit Vipers
{Crotalidie) are characterised

by the possession of a deep

pit on either side between the

eye and the naris. To this

gi'oup belong most of the

dangerous snakes occm-ring in

warai countries. The Rattle-
snake (Croiahts) differs from

the rest, in possessing at the

tail end, several loose rattling,

homy caps, fitting into one

another, the remains of cast skins (see Fig. 350). Several species (to over 2 m.)

in North and South America. Species of Trigonocepliakis, usually smaller, but

very dangerous, live in India and America.

Pig-. 350. Tail end of a Crotalus with eleven

caps (1 the oldest, 11 the youngest). B the same

cut tlirough longitudinally, v vertebral column,

v' several fused vertebrse, forming the last joint of the

vertebral cohunn (the surrounding soft parts dotted)

;

the caps in section indicated by a thick line. As a

comparison of the two figures shows, only the anterior

portion of each cap, with the exception of the oldest,

projects as an arched ring, the re^t being covered by
the next older cap.—After Garman.

Order 3. Chelonia {Testiidinata).

The edentulous jaws are covered by a horny sheath with a sharp

edge. Large dermal plates are present^ which usually fit into

one another at the edges, so as to form a continuous bony shell
round that part of the body. There is a large opening in front for

the head and fore limbs, and behind for the tail and hind limbs.

Dorsally, there are three longitudinal rows of bony plates, of which
the middle row is connected with the vertebrae (vertebral plates),

whilst the two others are fused with the ribs of each side, one for

each rib. Besides these three rows there is, externally, a series of

small marginal plates. Ventrally, there are two rows ; there is

an anterior unpaired piece, probably corresponding to the epi-

-sternum of other Eeptiles, and in front of this a pair, which may
represent the clavicles. These bony plates do not form so complete

a shell in all Chelonians ; in the Turtles, for instance, the plates do
not fit close together, but large portions of unossified leathery skin

are left between their edges. The regions in which the dermal
^irmour lies are usually covered, externally, by large horny shields
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(tortoiseshell), separated by grooves; their boundaries do not corre-

spond with those of the bony plates, although the arrangement is

similar. The rest of the body is covered by small scutes ; small bony
plates may develop in some scales^ as in certain Lacertilia.

The Chelonians feed partly on plants, partly on animals. They
are dull, sluggish creatures, terrestrial, freshwater, or marine. Many
are able to withdraw head and limbs within the edge of the shell.

1. Mud Turtles (i/mj/cZa'), mostly flattened animals, with webbed toes ;

live in freshwater, but many can also walk about on land. More exclusively

aquatic is the Freshwater Tortoise (genus Trionyx, etc.), with lai-ge

swimming feet (each with three claws), shell without homy plates ; ferocious

animals
; Asia, Africa, North America.

2. Tortoises (Testudinidw), closely allied to the Mud Tui-tlee
;

differing

chiefly in the much arched carapace, and the veiy shoi-t feet, in which the toes

have gi-o-wTi together and which possess short claws (club-footed) . The Grecian
Tortoise {Testiido Ghwca) inhabits South Europe.

3. Turtles (C/ieZoniie) have a flattened carapace and immovably connected

toes without claws, or with indiments only ; the fore Hmbs much larger than the

hind, forming a strong fin-like steering apparatus. They attain a consider-

able size ; hve in the sea, but the eggs are laid on land, bm-ied in the sand. One
species in the MediteiTanean.

Order 4. CrOCOdilia. {Crocodiles).

This order differs from other living Reptiles, and approaches Birds

and Mammals in many respects : as in the divided ventricle, the

structure of the brain and the cochlea, and also in the thecodont

dentition (teeth in sockets). The Crocodiles have large heads with

the nares on the upper side of the snout, webs between the hind

toes, and a long compi'essed swimming tail; claws present only on

the three inner toes of each foot ; five toes on the forefeet, four

on the hind. In the skin there are numerous bony plates (especially

on the dorsal side). The anus is a longitudinal slit. For the way

they breathe with the mouth open in the water, and for other

peculiarities, see above.

Crocodiles, which may attain a length of about ten metres, live in

warm countries in fresh water, rarely on the sea-shore, but they also

frequent the land
;
they are rapacious beasts and carrion feeders. The

eggs are laid on land, either buried inearth or among decaying plants,

etc.; the female guards them, and sometimes also the young ones.

The Crocodiha of the present day may be divided into three groups; (1)

Alligators {Alligator), with short suoitt and imperfectly webbed hind feet ;
the

foiu-th tooth of the lower jaw bites into a cavity in the upper jaw ;
America

(one species in East Asia) : (2) True Crocodiles {Crocodihts). with long snout

and complete webbing between the hind toes ; the fourth tooth of the loAver jaw

bites into a notch on the side of the upper jaw ; in both the Old and the New

"World: (3) Gavialidse {Bhmnphostoma), with very long, slender snoi;t and

complete webs ; the foui-th tooth of the lower jaw bites into a notch
:
India.
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For the rest, these tkcee groups ai-e connected by intermediate forms; there are

species of Crocodiles which approach the Alligators, and a Gavial wliich forms a

connecting link with the Crocodiles.

The oldest Crocodiles known, from the Triassic (Belodon and others) are

specially characterised by their resemblance to Lacertilia and Chelonia with

Fig. 351. A Skull of a Gavial, Bof a Teleosaurus. n' internal nares, p palatine, v
pterygoid.

respect to the position of the internal nares; the palatines and pterygoids

do not form a canal, but the internal nares open much farther foi-ward than in

those now living. The Crocodiles from the Jiu-assic, and some of those from the

Cretaceous fonnations {Teleosaurus [Fig. 351 J5], etc.) approach the extant

forms in this respect ; for the palatines, but not the pterygoids, are connected

to form a canal, and the nares are thus moved much fm-ther back. All these-

older forms differ also from those of to-day in the possession of biconcave

vei-tebi-ae. On the other band the Tei'tiary and some of the Cretaceous forms.,

exactly resemble those now existing ; the pterygoids take pai-t in the formation

of the nasal canal, and the centra are procoelous. The Crocodiles of different

periods afford a A-^eiy interesting series.

Whilst many extinct Re 13 tiles, e.cj., the Crocodiles just mentioned,,

as well as many others, are allied to the orders of the present day, there are

also many forms constituting orders which are without living representatives.

Several of these gi'oups are of considerable interest, and the most impoi-tant

win now be briefly considered.

The Ichthyosaurians occupy a position among the Reptiles similar to that

of the Whales among Mammals, and they are very suggestive of this group. The

Fig. 352. All I c li t li y o s a uri a 11

.

head, especially the snout, is of huge size, the neck uncommonly short, the
tail very long and powerful ; both pairs of limbs are foi-med like the fins of a
Whale

: they are short, broad plates, all the bones of which are immovably
connected and much shortened ; the digits, of which there were often more than
five on each foot, were enclosed in a common skin, and without claws, and the
number of joints to each digit was very great, though each joint was very
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short. Among other characters, it may Ije mentioned, that the sclerotic of

the large eye was provided with a ring of bony jjlates ; the veiitibral centra

were veiy large and strongly biconcave, the pelvis was not connected with the

vertebral column, the hind limbs weaker than the fore, the teeth in a continuous

fui-row in the edge of the jaw, a character which also occurs in several othei-

animals {e.g., cei'tain Whales). The Ichthyosaiuians were maiine, some of vei-y

great size (10 m. and more)
;
they lived in Triassic, Jurassic, and Cretaceous

times.

The Flesiosaurians, another extinct type of marine Reptile, are in some

respects like the Ichthyosaurians, in othei's veiy different from them. The
head is small, sometimes even very small ; the neck, on the contraiy, is long

;

longest in those with the smallest head. The compressed piscine fonn of body

which obtains in the Ichthyosaurians is absent here. Fore and hind limbs,

iHg. 3.53. A Plesiosaurian.

as in the latter, are clawless, and like the fins of a Whale ;
they are, however,

usually larger than in the Ichthyosaiu-ians, the bones are not so much shoi-tened.

and the number of digits does not exceed five. They attain a length equal to

that of the Ichthyosaurians. Triassic, Jm-assic, Cretaceous.

Fig. 354.

from Zittel.

A Pterodactyle, restored.—Modified

The Pterodactyles {Pterosam-ia : genera Ptero-

dactylus, Bamphorhynchus, etc.), were specially

characterised by the modification of the fore limbs

as actual organs of flight. Each fore limb had foiu-

digits, of which the tlu-ee inner (Nos. 1, 2, 3), were

not pai-ticiilarly developed, whilst the foiu-th, next

to the middle finger, was much elongated, and formed

the edge of the large p a t a g i um ; this membrane,

of which several impressions have l>een found, was

stretched from that finger to the body. The head,

especially the anterior paii, is of considerable size

;

in the sclerotic there was a bony ring ;
teeth ai-e

usually present and placed in sockets ;
the sternum

is provided with a keel, possibly for the attachment

of the pectoi-al muscles, which moved the wings
;
the

i
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bones are pneumatic (as in Birds). The Pterodactyles, whicli occupy among
Reptiles a position comparable witb that of Bats among Mammals, were for

the most part small animals, and liA^ed in Jnrassic and Cretaceons times.
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The Dinosaurians (Dinoscmria) are a, group of Reptiles consisting of
numerous forms, which are of the greatest interest on account of their affording
a 1

1
n k between Reptiles and Birds. Within this division there are forms

which stand tolerably near to other Reptiles, and again, forms which more closely
approach Birds. The Dinosaurians were terrestrial animals, chiefly of consider-
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able, some of colossal size, bigger than tbe largest extant ten-estrial Mammals
(in one species tbe tbigb-bone is 2—3 m. long, and very tbickj

; tbougb small
forms also occiu-. Tbe limbs are powerful ; in some, fore and hind legs are a1>oiit

equal in length, but generally tbe former are smaller, sometimes even much
feebler than tbe bind limbs, and many Dinosaurians moved almost entirely upon
the latter, possibly springing along

; among those with stronger hind limbs some
were d i g i t i g r a d e , whilst other Eeptiles are plantigrade; the tail is long
and powerful. Tlie pelvis is very remarkable ; the ilia are much prolonged
in front of the acetabulum, agreeing with Birds not with Reptiles, and in those
Dinosaiu-ians which have small fore limbs (e.g., Iguanodon, Fig. 355), the pubis
.also is very peculiar in form

: a long thin process (;/) arises from its base, and

^ J5 0 jD

Fig. 356. A—B fore and hind limbs of one of the Dinosaurians, which are some
way from birds {Moi-o.tav-riis grandis). C—B Do. of a bird-like Dinosaur (Camptonotus
dispar). a tarsus, c coracoid, d toes, d' fingers, / femur, g fibula, h humerus, i ilium,

k ischium, m metatarsus, m' metacarpus, r radius, s scapula, sk pubis, t tibia, u ulna.

—

After Marsh.

reaches back, in a direction almost exactly opposite to that of the main branch,

lying close against, and parallel to the iscbiiun, which is often long and thin.

There is a larger number of sacral vei-tebrse than in other Reptiles (fom* or more)

and these ai'e fused. Among other cbai-acters, it may be mentioned, that tbe

l^roximal seiies of tai-sals is in many cases immovably attached to tbe tibia (or

fused with it) ; the tibia has a long projecting ridge on its front face. The
forms of the femiu* and tibia are very different from those of other Reptiles

and very birdhke. (See also the remarks made below upon a\dan skeletons.)

The Dinosaurians lived in Triassic, Jm-assic, and Cretaceous times.

Class 5. Aves (Birds).

The most striking peculiarity of the avian body lies in tbe

structure of the limbs, the hind are exclusively developed for

walking, or hopping (sometimes, also, for swimming), whilst the foi-e
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limbs are never adapted for terrestrial locomotion, but, with few

exceptions, for fliglit. The body is usually borne upon the hmd

limbs in a semi-erect position ; it rests only upon the toes, not on

the very slender metatarsus. The

neck is of considerable length and

very movable, the trunk is short;

the tail in all existing Birds is

short, but the large steering

feathers* give it an appearance

of greater length. The face portion,

the beak, is peculiarly modified;

it is usually elongate, and covered

with a horny sheath.

The skin is almost entirely

covered with feathers, com-

plicated appendages consisting of

cornified epidermis cells. They

arise as dermal papillte but soon

sink into sac- like pits in the skin,

the feather follicles; the feather

develops from the epidermal layer

covering the papilla.t Feathers

exhibit a great diversity of form.

The contour feathers {pennce)

are firm, the distal parts at least

reaching the surface and forming

the outer contour of the bird (in

distinction to the down which

lies below) ;
they consist of the

following parts : the proximal

portion is a short, cylindrical, hollow quill {calamus) which is

imbedded in the feather-follicle, a more or less deep

dermal pit. The quill is continued into the shaft {rachis) which

consists externally of a hard cuticle, within of a loose horny

mass; and is thinuer at the tip. (Quill and shaft together form

the stem \_scapus~\ of the feather.) From the shaft there arises on

each side a series of barb s which are again furnished with

barbules; the barbs and shaft together, are termed the vane
{veocilhim) . At the distal portion of the shaft, and this may form

a larger or smaller portion of the feather, the barbs are stiff and
compressed (their flat surfaces turned towards those of neighbouring

Iig\ 357. Portion of a feather:
diagrammatic. s shaft, a barb, st bar-

bnles of an anterior row with hooks, si'

barbnles of posterior rows ; the former

cover the latter and seize them by means
of the hooks on the edges.—Orig.

* "When, in the description of Birds, a long or short tail is mentioned, this
always refers to the lengtla of the steering feathers.

t It is, however, only the first phimage of young Birds, which develops as papillce

on the surface ; the later feathers arise as similar papillte, which lie, however, at the
base of the follicle of the preceding feathers.
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havhs), and furnished with relatively short barbules, of which, those
on the anterior row, lie obliquely above the posterior row of the
preceding barb. Further, each barbule of the anterior row is

provided Avith a series of delicate hair-like microscopic appendages,
some of which are curved at their tips, to hook into the hinder row of

the preceding barb; by means of these booklets, the barbs are
attached together into a continuous lamina. In the proximal

Fie 358.
. Fi<f. 3.59.

A B

Fig. 358. Diagrams of various feathers to elucidate tlie varied development of the
aftershaft; vane only in outline.—Orig.

Fig. 359. A Down of a young Bird, resting uj^on the tip of the succeeding feather which
is stiU surrounded by a horny sheath (h). s quill of the down feather. B tip of a contour
feather with some down barbs still attached. Diagrammatic.—Orig.

portion of the vane, the barbs are softer and thinner, the barbules

long and soft, but without hooks ; this portion, which is covered by
other feathers, has thus a soft, loose, downy character. At the

junction of quill and shaft, there usually arises from the inner side

of the feather, a smaller, thinner shaft (the aftershaft), which

bears a double row of soft barbs ; the after shaft and its barbs may
be termed the accessory vane. This appendage is sometimes well-

developed {e.g., Fowls, Fig. 358 A)
;
usually, however, it is somewhat

feeble {B) ; its shaft is often rudimentary, so that the accessory

vane is only represented by a tuft of barbs arising close together (C).

Of the contour feathers, the flight and steering feathers

{remiges, rectrices) must be noticed, the strongest, stiffest, usually
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B
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longest feathers on the body : as a rule, they have no aftershafts,

and the down-like proximal portion is very small, or is absent

;

they lie in very deep feather-follicles, the remiges in a row along

the outer edge of the fore-arm and hand, the rectrices on the tail.

In the extinct Archwopterijx, the rectrices were arranged in two 1 o n g i -

tiidinal rows, one on either side of the long tail. In some existing Birds

also, they occm- in two distinct oblique rows on the much shortened tail ; in

others, this part is so very short that

the longitudinal series form a cui-ved

transverse row.

The down feathers (plumce),

which are generally completely covered

by the contour feathers, differ from

them, in that the whole vexillum is

similar to the proximal portion in the

latter
;

they consist of soft barbs,

which are often very long and beset

with long barbules without hooks, the

shaft is thin and feeble, often even

quite rudimentary, so that the barbs

arise close together at the distal end
of the quill. There is often an

aftershaft on the down feathers
;

not infrequently it is almost as large

as the main shaft. The down feathers

are usually whitish or grey, whilst

the contour feathers vary, much in

colour. The two types described

pass gradually into each other ; there

are plumee which, in virtue of their

strong shafts, etc., approach the

pennse, and modified pennge which are so loose and soft, or which
possess so small a portion with hooks, that they form a transition to
the plumEe.

^

A special fonn of pluma is the so-called filo plume, a delicate feather
with long thin shaft, in which the barbs are few in number, and at the tip of
the shaft only

;
they occur in almost all Birds, arising close to the contour

feathers.

Among peculiarly developed feathers, the following may be mentioned:
ospreys, which grow on certain parts of the head in many Birds and have
no barbs, or only a few, at the base of the shaft; the pennse, in the Ratitae,
from which hooks are entirely absent, even from the stifO distal barbs, and which!m the Cassowaries and Emeus, are fiu-ther remarkable in that the main and'
aftershafts are equally weU developed; the remiges of the Cassowary, in
which the long stiff shafts are entirely without barbs.

Newly hatched Birds are, as is well known, usuaUy covered, over larger or
smaller tracts, with down feathers, which generaUy consist only of a^short
quiU and a tuft of barbs (Fig. 359 A); occasionally (Ducks. Ostriches), besides
the quill, there is a thin shaft with barbs. These down-feathers are connected

C

Pig. 360. Tail of : A ArchcBopteryx,
B Swan, C Hen, seen from above.
Diagrams to show the arrangement of
the rectrices. / apertures of feather
follicles, 0 apertures of uropygial
glands (in B the latter are diagram-
matically indicated) .—Orig.
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with the distal ends of the succeeding pennae, and in many Birds the loose
down quill is split by the developing feather in such a way, that the soft down
barbs remain for some time at the tip of the distal barbs of the adult feather,
looking like a soft external portion (Fig. 359 B). The down is really to be
regarded as a modified distal extremity of the feather to which it is attached.

The contour feathers are not usually distributed regularly over the
whole body, but only over certain regions, the so-called feather
tracts ipteryhv), which are regularly, but somewhat differently,

arranged in different birds ; there is, for instance, a pteryla along the
mid-dorsal line, another on the outer side of the thigh, etc. The
intermediate tracts (apteria), bear down feathers, wliich are also

present in the feather tracts, between the pennae, or they are entirely

destitute of feathers ; the apteria are covered by the contour feathers

of neighbouring tracts. There is an almost equal distribution of

feathers over the whole body in the Ratitte (where there is no down
unless the entire plumage be regarded as down feathers), in the

Penguins and a few others.

At regular intervals, usually once a year, all the feathers are

thrown off, and are simultaneously replaced by new ones ; this is

known as moulting; in noi-thern Birds it usually takes place in

the course of a few weeks in the autumn. Besides this, a

spring moult often occurs
;
many Birds indeed, change some

of their feathers in spring, so that there is a partial (rarely a complete)

ecdysis ; in many cases, however, the distinction between winter and

summer plumage is dependent upon this second moult. In some, the

specially coloured edges of many feathers are thrown off in the spring,

and the appearance of the plumage is thus considerably changed

;

in others there is an actual change in the colour of the feathers them-

selves, sometimes to a striking extent. This change of colour is the

more remarkable since the feathers consist exclusively of horny

material, and thus represent a dead portion of the body ; the

alterations are probably to be attributed to chemical changes,

independent of the vital functions.

The feather is suiTOunded, for some time after its tip has projected fi-om the

feather-follicle, by a thin tubular horny sheath, which binds the barbs

together ; this sheath is gi-adually thrown off. The so-called " powder down,"

which is found on some Bu-ds, e.g., the Herons, is composed of feathers which grow

continuously from the feather-follicle (just as the teeth of certain Mammalia gi'ow

from persistent pulps), whilst at the same time their free ends are worn off : the

powder comes from the crumbling away of the homy sheath, which is constantly

renewed at the proximal end.

Attached to the follicles of the larger feathers there are usually small

muscles, by which, for example, the rectrices can be spread out like a fan, the

ordinary pennae raised, etc.

Feathers are probably to be regarded as modified reptilian scales
;

indications of this are afforded by their origin from papillte. Birds

also possess true scales, exactly like those of the Reptiles, but

occurring only on the hind feet ; these scales are of various forms :
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Itnobs, plates, splints. Tlie spur of the Cock and other male

gallinaceous Birds, wliicli is provided with an internal ossification

firmly attached to the metatarsus, is a peculiar, large, conical

scale ; this spur is present in the Hen also, but usually as a simple,

wart-like scale.''^ Claws are present on the toes of the hind foot

;

in perching forms they are long, curved, and pointed; in ground

Birds, shorter and thicker. They are often entirely absent from the

fore limbs; but there is frequently a small, often rudimentary,

claw on the pollex, and not seldom there is another such claw on

the second digit, but this is generally rudimentary ; it may sometimes

be present in the young one, and lost later ; in the Ostriches of

Africa both claws are of fair size and well developed. In all living

forms the claw of the third finger is wanting ; but in Archaeopteryx

well-developed claws are present on all three digits, a fact which

can be determined with certainty from the form of the last finger

(Fig. 378). The edges of the jaw and the adjacent parts of the head,

the beak, are usually covered by a thick, hard mass of horn, often

with sharp edges
;
occasionally this is partly or entirely replaced by

a thinner and softer horny sheath. An ecdysis of the whole skin

like that of many Eeptiles, does not occur in Birds; the stratum

corneum is thrown off in small portions.

Birds usually possess only one pair of integumentary glands, the

large, round uropygial glands, which are situated dorsally on

the short tail
;
they lie close together, and their apertures are near

each other, generally on a small papilla. Each gland consists of

numerous tubes, opening into a large central cavity, which is

continued into the duct ; in some each gland has several ducts.

They secrete a lubricating fluid, which the Birds remove with their

hills for preening their feathers
;
they are largest in aquatic species,

and are absent from the Ostriches, some Parrots, and a few others.

The skeleton. The vertebral column may be divided into

regions similar to . those of Reptiles. The cervical vertebras
are numerous ; there may be as many as twenty, very loosely articu-

lated with each other. The first and second vertebra, as in the

Reptilia, are developed as atlas and axis (the centrum of the atlas

is fused with that of the axis, etc.). Further, the articular surfaces

of the cervical vertebrae are saddle-shaped (each centrum is^

anteriorly, concave from right to left, convex dorsoventrally, and,

posteriorly, convex from right to left, concave dorsoventrally) ; in

Archseopteryx and some of the Odontornithes {Ichthyornis) the sur-

faces of the centra were flat or feebly biconcave. For the cervical

ribs see below. The thoracic vertebrte, in contradistinction

to the cervicals, are somewhat few in number, and but slightly

* On the fore limbs too, similar spurs may also occui', but these must not be
-confused with the claws mentioned above.

¥ F 2
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movable
; sometimes, even, fused together ; the articular surfaces of

the centra are usually like those of the cervicals. The last, or the
last two or three thoracics, the lumbar, sacral, and some 'of the

Fig. 361. Skeleton of a raven. 1, 2, 3 first—third fingers, 1' and 4' first and fourth

toes, ca carpus, cl clavicle, co coracoid (nearly covered by h), f fibula, h humerus, il ilium,

il' anterior portion of this, is ischium, mr.^ and mc^ first and third metacarpals, mt large

metatarsals (consisting of tlie fused metatarsals 2—4), mt first metatarsus, n nares,

p' pubis, r cervical ribs, ra radius, sc scapula, st sternum, u ulna.—Orig.

caudal vertebra3, are fused together and furnish an attachment for

the pelvis, whilst a distinct lumbar region is wanting, and the pelvis

lies immediately behind the rib-bearing region. In all existing Birds
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the number of free caudal vertebrte^ is small, usually from six

to eight ; tlie terminal bone, liowever, which is much compressed, is

a fusion of several short vertebree, separate in young Birds. The tail

vertebrae are, like the tail itself, short; though in Archeeopteryx

(Fig. 378) there was a long, thin tail of a reptilian type, and con-

sisting of a number of vertebrae, some of which were elongate.

Short ribs are attached to the cervical vertebrae, and like

the thoracic ribs have two articular processes
;

they are fused

in the adult, though separate in young forms. The cervical ribs

gradually increase in length posteriorly, and remain separate

throughout life, thus affording a transition to the thoracic ribs,t

which consist of two bony portions connected at an angle; the ventral

portion is attached to the sternum, and from the hinder edge of the

dorsal part arises a narrow oblique process {'processus uncinatus),

which overlaps the next rib; in young Birds it is a separate bone.

The sternum is completely ossified and very large, covering the

greater part (or at least a large part) of the ventral region of the

body. It is almost always furnished with a large projecting keel, to

which some of the muscles of flight are attached, and which is only

absent from certain forms with rvidimentary wings {e.g., Ratitee)
;

here the sternum itself is smaller than usual. Posteriorly it is often

perforated or notched on either side, the gaps being covered with

connective tissue. There is no episternum.

The skull usually resembles that of the Reptiles very closely
;

among living forms, especially that of the Lizards ; there is only

one occipital condyle; the quadrate is reptilian, as also the

conditions of the palatine and pterygoid; the region between

the large orbits is compressed into a perpendicular bony lamina,

the interorbital or orbital plate, which maybe partially

membranous. The prominent premaxillas, which fuse early to

form a single bone, are characteristic of Birds
;
they form the entire

edge of the beak, and also send a long branch, almost to the frentals,

between the external nares. The maxillae, on the other hand, are

relatively small, and lie within the posterior portions of the pre-

maxillae. The lower end of the large, very movable quadrate
is connected with the beak (the premaxilla and maxilla) by a bony
bridge formed of the pterygoid posteriorly, the palatine anteriorly

;

the pterygoid and palatine are both elongate bones, and in most
Jiirds they slide upon the thickened lower rim of the orbital plate

mentioned above at their point of contact. Prom the lower end of

the quadrate to the beak there runs yet another bony bridge, the

* The caudal centra are biplanar.

t Usually, the first vertebra bearing ribs attached to the sternvun, is termed the
first thoracic ; the transition from cervicals to thoracics is, however, quite gradual,
and this distinction is artificial.



438 Vertebrata.

i
ugal, external to that already noticed; it is a thin rod of bone,

and is formed posteriorly by the quadrato
j
ugal, medianly by'

the jugal, and anteriorly by a process of the maxilla; in the
adult these bones are often anchylosed. The beak is attached
above to the rest of the skull, by the upper portion of the pre-

Pig. 362. Fig. 363.

mx

Fig. 362. Skull of a Eaven from the ventral
side, g foramen magnum, j jugal, mx maxilla,
ns nasal septum, pa palatine, pt pterygoid, q
quadrate, v vomer.—Orig.

Fig. 363. Diagrammatic figures to illustrate

the movement of the beak in Birds, n nasal
septum, h posterior membranous portion of this,

0 orbit, I quadrate, k jugal, v pterygoid, g palatine.

In A the bill is raised, in B lowered.—Orig.

maxilla, and by the nasal, which lies behind the nares ; the posterior

portions of these bones (premaxillse and nasals) are, however,

flattened, thin, and elastic,''^ and since the lower part of the nasal

septum is membranous. Birds are able to move the beak up
and down. The movement upwards is effected by the forward

motion of the lower end of the quadrate, by which the two bony

bridges are pushed forwards, and pressed against the lower, hinder

portion of the beak, so as to send its point upwards ; the movement

downwards, on the other hand, is the result of the retraction of the

quadrate. As for other characters, it may be noticed, that most of

the sutures have disappeared, even in the young animal, owing to

the fusion of the bones ; further the cranial-cavity is veiy large as

compared with that of most Reptiles.

* In the Parrots and some others which have a specially movable beak, this bony

mass is interrupted by a narrow strip of connective tissue.
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The skiill consists of almost the same bones as that of Reptiles (but pre-

and post-frontals, transverse bone, and columella are always wanting). The

vomer is an unpaii-ed bone of varied form, sometimes compressed, sometimes

faii-ly broad, etc., lying below the hinder portion of the nasal septum, and

connected behind with the palatine, in the movement of which it takes pai-t. The

lachrymal lies at the anterior edge of the orbit, and in many Birds remains

distinct throughout life. The 1 o w e r j aw consists of several bones on each side,

of which the anterior (dentary), in all living Birds, fuses very early with its fellow

of the other side ; in extinct toothed forms (Odontornithes), on the contrary, they

remained sepai-ate.

Fig. 364.

Fig. 364. Skull of two days old- Chick. a alisphenoid, d
dentary, / frontal, j jugal, I lachrymal, mx maxilla, n nasal, na outer

cartilaginous wall of the nasal cavity, o orbital plate, ol ex-, os supra-

occipital, p parietal, pa palatine, pm premaxiUa, pt pterygoid, q

quadrate, qj quadratojugal, sq squamosal, st ear bones. The parts

which are still cartilaginous are dotted, the membranous portions

shaded.—After K. Parker.

Fig. 365. Hyoid of the Fowl. ?i hyoid (anterior horn), &r first

branchial arch (posterior horn).—After K. Parker.

Fig. 365.

The hyoid consists of an unpaired^ partially ossified median rod

(copulae), to whicli is added (not invariably) a pair of very

short anterior cornua, and a pair of long posterior
cornua, the first branchial arch. The median rod is usually

divided into two or three pieces, lyiiig" one behind the other.

The cornua are not closely connected with the skull; the posterior

pair bend round the back part of the skull, but in the Woodpeckers,
where the tongue is specially protrusible, they curve up more
anteriorly, even as far forward as the base of the beak.

The shoulder girdle (Fig, 366) consists of the usual elements.

Both scapula and coracoid are completely ossified ; the former
is a flat, narrow, sabre-shaped bone, which is generally connected
with the coracoid at an acute or right angle; the coracoid is,

as a rule, rather long and narrow as compared with that of the

Reptiles, but yet very strong; its lower broad end articulates with

the anterior edge of the sternum. In Ratitse, and in some Odont-
ornithes, which were also incapable of flight, the two bones lie more
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nearly in a line, and fuse with age ; in these forms, the coracoid is

short and broad. The clavicles are two long thin bones, fused
ventrally (in most Birds) to form the merrythought (furcula),
which is attached to the anterior end of the sternal keel, by a
ligament, passing from the point of fusion. Each of the other
extremities of the fork is attached to the dorsal end of one of the
coracoids, from which it is otherwise separated by a large fenestra.
In the Ratitfe and some others, the clavicles are rudimentary or

Fig. 366. Fig. 367. Fig. 368.

I
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Fig. 366. Sternum and
shoiilder girdle of the
Raven, viewed from the
left side, cl clavicle, co cora-

coid, so scapiila, st sternum.

—

Orig.

Fig. 367. Manus of a
young Ostrich (Struthio).

a, h carpals which remain
separate, c carpals of distal

row (already united, later to

be fused with the metacarpals),

m\ m^, m'' first—third meta-
carpals (still distinct), r radius, it ulna, la and lb phalanges
of the pollex, 2a—2c second digits, 3 third digit.—Orig.

Fig. 368. Foot of a young Chick, mt first—
"

third metatarsals (the metatarsals 2—4 are already fused, but there are traces of their

original distinctness), t tibia, ta and ta' proximinal distal portion of the tarsus.—Orig.

absent. The fore limb is usually very long. The ulna is much
more powerful than the radius; the carpus of the adult consists

of two separate bones only.''^ The manus is very slim, and never

exhibits more than three fingers with their metacarpals ; the fourth and

fifth fingers of Reptiles are absent. Of the three metacarpals,
the first is short, the two others much longer ; all three are fused in

the adult, the second and third, however, only at the two ends, not

* One of these is the radiale, the other corresponds to the xilnare and intermedium.

The carpals of the distal row are represented by two bones which fuse with the

metacarpus.
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for the wliole lengtli
;
only in Arch£eopteryx were they separate. The

pollex has one or two joints, the second digit two or three, the

third only one (rarely two) ; in Archseopteryx alone, the third

possessed three or perhaps four joints. In Birds which are capable

of flight, the arm when at rest lies along the body with the elbow

backwards ; the forearm is directed anteriorly, and lies along the

arm, the ulna outwards, and the hand is curved at the wrist, so that

it lies along, and external to, the forearm, with the point backwards,

the inner edge (with the pollex) outwards.

The p e 1 Y i s closely resembles that of the Dinosaurians, but it is

further specialised (c/., p. 430). The ilium is elongate, and is

fused with a number of vertebras (c/., p. 436) ; it is connected with

the other two bones at the acetabulum, which lies at its lower edge,

and in the formation of which, all three take part
;
they are all fused

in the adult. The ischium, a strong bone directed backwards,

runs almost parallel to the posterior portion of the ilium ; in most

Fig. 369. Pelvis of a young American Ostrich (Rhea), il ilium, is ischium,
I acetabulum (with large perforation), p—p' pubis.—Orig.

Birds, its hinder portion is firmly anchylosed in old age with the
ilium, whilst in Odontornithes and Struthious Birds it is either
quite free or only fused with the ilium posteriorly. The most
remarkable part of the avian pelvis is, however, the pubis. This
IS a long thin bone stretching backwards parallel to the ischium,
with which it usually partially anchylosed. In some Birds (Odont-
ornithes, Ratitse, Grallinaceae), there is a short process {p, Fig. 369)
at the upper end of the pelvis, just in front of the acetabulum;

*

but it is usually absent. It corresponds to the chief part of the
pubis of Dinosaurians, and to that bone itself in other Reptiles, whilst
the rest of the pubis [p') corresponds with the posterior pubic
process of Dinosaurians. Further, it must be noticed that
the pelvis of Birds is almost always quite open below, since neither
the ischium nor the pubis is fused with its fellow. In the hind
limb, the femur is relatively short ; the fibula thin, imperfect, and
pointed at its lower end (except in Archseopteryx)

; the tibia is long
and strong, and is furnished above, on the anterior surface, with a
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well-developed crest (a similar crest occurs in the Dinosaurians, but

is very feeble in other Reptiles) . There is usually a patella. The
structui-e of the tarsus is interesting. As in the Reptiles, it is

divided into proximal and distal portions, between which there is

a very perfect joint ; the tarsals of the joroximal row are distinct from

the tibia in the young animal, but in the adult are fused so as to leave

no trace. In the same way, the distal portion fuses with the meta-

tarsus, so that in the adult there is apparently no tarsus. The foot
never consists of more than four toes, there is never any trace of

the fifth or of its metatarsal. Metatarsals two, three, and four,

are long, and only separate in the embryo ; later they fuse almost

down to the toes, forming a long thin bone (the tarso-metatarsus)
;

on the other hand, the first metatarsal is separate, but much shorter

than the others, and attached to these at its distal end. The hallux

which is usually directed backwards, consists of two phalanges,

the second digit of three, the third of four, and the fourth of five

(as a rule) ; all as in Lacertilia and Dinosauria. Of the forwardly

directed toes the middle one (No. 3) is usually the longest; the

hallux may be large, but is often rudimentary or absent.

The brain, in comparison with that of the Reptiles, is large.

The hemispheres, especially, are well developed; the cere-

A B

Fig. 370. Brain of a Pigeon, dorsal (A), and ventral (B). b cerebeUum,

/ cerebrum, it epiphysis, I olfactory lobes, mi mid-brain, r spinal cord, s optic nerve,

t hypophysis.—After JefEery Parker.

b e 1 1 u m is likewise large ; its median portion, which is elongate, and

furnished with deep transverse furrows, covers both the medulla and

the middle portion of the mid-brain, the two lobes of which are

pushed out to the sides. Of living Reptiles, the Crocodiles come

nearest to the Birds in regard to the development of the brain.

The olfactory organ is very like that of Lizards; the

external nares, on account of the length of the premaxillae, are usually
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some distance from the tip of the beak, and may even be at its

base ; the internal nares open into the mouth, rather far forwards,

in a groove, which is partly covered by lateral longitudinal folds

(c/. Eeptilia). On the outer wall of the nasal-cavity there is a,

cartilaginous projection often spirally folded; which corresponds

with the t u r b i n a 1 of Reptilia ; there are also two other more or

less well-developed folds."*^ The eye and its accessory structures are

also very like those of Reptiles. The optic bulb is of very consider-

able size. The front wall of the sclerotic, in which there is a circle

of bony plates (the sclerotic ring), has the form of a frustrum of a

cone J
the absent apical portion of the cone is replaced by the cornea,

which is often very convex, whilst its base is formed by the posterior

curved portion of the sclerotic ; if the frustrum is long, and its wall,

as sometimes happens [e.g., in the Owls, Fig. 371, jB) is somewhat
arched inwards, the form of the eyeball differs much from the

A B

Fig. 371.

—

A Eye of a Bird, diagi-ammatic transverse section, r cornea, c?i, choroid,
ci ciliary processes, i iris, I lens, n optic nerve, o transverse section of bony plates, p pecten,'
r retina; s external connective tissue portion, s' internal cartilaginous portion of the
sclerotic. B Section through the eye of an O w 1, in order to show its peculiar shape. Orig.

ordinary spherical type, whilst in others it deviates but little from
this. A large membranous process, which is folded and pigmented,
the pecten, arises from the retina at the point of entrance of the optic
nerve, and projects freely into the vitreous humour. Of the two
eyelids, the lower is much larger and more movable than the
upper (as in Reptiles) ; there is a well-developed nictitating
membrane, which can be flicked across the eye by a special
muscle. The Harderian gland opens at the anterior corner of the

1,-««.K * .^r^^T'". ^^""^ ^ ^^^^^ nasal gland, which usuaUy
lies above the frontal bone (m Sea-gulls and others, in a longitudinal depression at theedge of orbit)^ this gland occurs m many Reptiles, but is situated in a different
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eye
;
at the posterior, a small lachrymal gland. As to the auditory

organ, the membranous labyrinth, especially as regards the
cochlea, is very like that of the Crocodilia. There is a short
external auditory meatus, at the base of which lies the tympanum
(c/., Eeptilia)

; its opening is covered by regularly-arranged feathers
(a pinna, i.e., a movable flap of skin covering the opening, only
occurs in the Owls. In the tympanic-cavity there is an ear-bone,
like that of Reptiles : it consists of a long rod, expanding at one
end into a disc, which fits into the fenestra ovalis ; whilst by the
other end, which is provided with two or three cartilaginous processes,
it is attached to the tympanum. A fenestra rotunda is present. The
Eustachian tubes, which are partially enclosed in the wall of
the skull (sphenoid bone), are united with each other, and open
into the mouth by a single aperture.

Alimentary canal. There are no traces of teeth* in any
living Birds, but in Archgeopteryx and the Odontornithes, there were
simple conical teeth, placed in sockets on the edges of the jaws as
in the Crocodiles ; in some of the Odontornithes, the sockets become
confluent, so as to form a continuous groove in each jaw, a condition
which may also be observed in some Mammalia. The roof of the
mouth is usually provided with backwardly directed spiny processes

The tongue is generally flattened, narrow, stiff, and hard, and
covered with a thick, hard cuticle, which is especially well-developed

at the anterior, usually pointed, end
; occasionally it is thick and soft,

as in the Parrots and the Flamingo ; not infrequently it is rough or

prickly. The oesophagus is of considerable length and fairly

wide. In many, but by no means in all Birds, it widens out at the

base of the neck to form a crop, in some a simple expansion of the

oesophagus, from which it is not sharply marked off; in others, a

more definite sac opening into the oesophagus. It usually serves

merely as a storage for food, but in Pigeons, it has another function

:

here, during the breeding season (in cock as well as in hen), the

stratified epithelium lining it becomes thickened, the superficial cells

filled with oil globules break away, and form a crumby liquid with

which the fledglings are fed. The stomach of Birds is divided

into two, usually rather sharply defined, chambers, a glandular and a

muscular portion. The glandular stomach is a short tube which

appears as a direct, somewhat widened continuation of the oesophagus;

embedded in its walls are numerous glands of two kinds : (1) large,

close-set glands secreting a digestive fluid, either distributed over

the whole wall, or limited to definite regions ; and (2) quite small

tubular glands, which secrete a mucous covering for the whole inner

surface of this region. Lower down, at its junction with the next

* The "teeth " along the edge of the beak in, for instance, Merganser {Mergtts).

are dentiform processes of the edge of the beak, and are thus horny structures.
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part, the large glands are wanting, tlie lining becomes firmer, and

gradually passes into that of the muscular stomach, 'i'his is

short and saccular, and has muscular walls; it possesses glands of

one kind only, namely, simple, close-set glandular pits, like those

which secrete the mucous layer of the other chamber. Their

secretion is, however, very peculiar ; each gland forms a hard, horny

thread, which projects from its mouth, and adhering to neighbouring

threads, forms a horny lining;^ it is continually being worn

away at its surface, and renewed by fresh secretion at the base of

the threads. On the outer surface of the muscular stomach, there

is a dorsal and a ventral tendinous disc, from which the muscular

elements arise. The muscles of the wall are especially strong in

herbivorous, notably in graminivorous species [e.g., Fowls and Ducks),

in which this organ is provided with a large muscle mass, plano-

convex from within outwards; whilst its cavity is very small. In

such, the muscular stomach forms a ti"ue gizzard, in which the

food may be grou.nd by the two muscles just mentioned ; the horny

lining is very thick and hard, and sand and stones are swallowed

to assist in trituration. In insectivorous and predaceous forms the

muscular stomach, on the other hand, is thin walled, the musculature

feeble, and the cavity large. Its openings into the small intestine,

and into the glandular stomach, are close together. The small
intestine is well-developed, and longest in the herbivorous forms

;

it is continued into a rectum which is almost invariably short, and
which has a posterior widened portion, the cloaca. Two ceeca usually

open at the junction of the small intestine with the rectum, and in

many herbivorous and omnivorous Birds they are of considerable

length, whilst in the carnivorous forms they are usually quite short

or rudimentary (this may also be the case in others; Pigeons, for

instance, have quite short cseca). There is a large brownish-red
liver provided with a gall bladder, and an elongate whitish
pancreas lying in the first loop of the small intestine.

t

Many Birds disgorge the indigestible poi-tions of their food, bones, hairs,

feathers, insect skeletons, etc., in small masses, the so-called pellets ; the best
known of such pellets are thrown np by the Owls, and usually consist of skin and
bones of Mice, but various others disgorge similar ones : Swifts (insect remains),
Kingfishers (fish bones). Ravens, etc.

Respiratory organs. A longitudinal slit in the mouth
close behind the tongue leads into the larynx, which is continued

* In Birds of Prey and other carnivorous forms, the lining of the musciilar stomach
has a softer character.

t In most young Birds, there opens on the dorsal wall of the cloaca, a small
unpaired sac with a narrow aperture, the btirsa Fahricii, in the wall of which lie smaU
portions of epithelium, which are indeed constricted evaginations of the epithelium of
the sac. In older forms, the bursa, of which the significance is unknown, is usually
degenerate or absent. In the Struthious Birds, instead of this, there is a laree
undefined outgrowth of the cloaca.

^
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into a trachea of considerable length, furnished with numerous
cartilaginous or bony rings, and dividing below into two branches, one
for each lung. Unlike most other air-breathing Vertebrata there' are
no vocal cords in the larynx

; but most Birds possess a peculiar lower
larynx {syrinx) at the junction of the trachea, with the upper ends
of the two large bronchi; and here the walls of the bronchi form
membranous folds (me and mi, Fig. 374), which a,re caused to vibrate
by the exhalent current of air (for details see below) . The lungs
are spongy organs, closely apposed to the dorsal wall of the body-
cavity ; in structure, they resemble very closely those of most Reptiles.
A tubular continuation of the bronchus runs through the lung,

Fig. 372. Lungs of an eleven days Chick embryo, t trachea, I rudiments of
"branchial sacs.—After Selenka.

Fig. 373. Lungs of a Pigeon, tr trachea, o apertures from the lungs into the sacs
which have been removed.—After J. Parker.

dividing and sub-dividing on its way ; the delicate terminal branches

are the actual respiratory organs. All these branches are closely

bound together by connective tissue; some of them are continued

into large thin-walled air sinuses, which extend back between the

viscera, between certain of the subcutaneous muscles, and even send

long processes into many of the bones, e.g., the limb bones, in

which they occupy the position of the marrow cavities ; the bones

are thus to a large extent pneumatic.'^ This development of air

sacs is of significance, from the small specific gravity that the body

thus acquires, in other words, the lungs of Birds, like the tracheae of

* It may be mentioned here, that Birds are not the only animals with pneumatic

bones ; the Pterodactyles, and many Dinosaurians had them, which leads to the

conclusion that they, also, were provided with air sacs.
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Insects, constitute not only a respiratory, but also an aerostatic

apparatus.

The syrinx lias usually the foUowing sti-uctui-e : the two bronchi are separated

at their upper ends, where they pass into the trachea, by a median bony rod,

or septum, connected with the last tracheal ring. The inner wall of the

anterior portion of each bronchus is membranous, and is termed the internal

tympanic membrane. The outer side of the wall of the bronchus is

strengthened by semicircles of cai-tilage or bone, and there is often here also a

membranous portion, the external
tympanic membrane, which, in

other cases, may be replaced by a thicken-

ing of connective tissue, projecting into

the lumen from one of the half hoops of

cartilage. The lower end of the trachea

itself, which may be termed the tym-

panum, is usually modified for the pro-

duction of voice, the last rings, for

instance, may be fused, or this portion

is compressed or widened, etc. In the

males of Merganser (Mergus) and most

Ducks, the tympanum possesses a lateral

saccular outgi'owth with ossified walls,

the resonator (or the labyrinth)

.

To these structui-es accessory to the

resph-atoiy system, the following may be

added : in the Whistling Swan, the

Crane, and others, the keel of the sternum

is thick and hollowed, with an opening

above ; within this cavity the trachea

makes a long loop before passing back

into the body-cavity ; in some other

birds similar coUs of the trachea lie

below the skin or in the body-cavity

:

the tubular continuation of the bronchus

which iTins thi'ough the limg (see above),

gives off branches from which numerous long parallel tubes arise, from these

ai-e given off close-set radial, somewhat racemose, tubules, which end blindly

;

these are all bound together by connective tissue, and thus form a thick

layer roimd each of the parallel tubes : the air-sacs in the bones of the skull

are extensions from the tympanic and nasal cavities : several other air-sacs

of the head are connected with the latter {e.g., one in the orbit below the eye),

these reach back into the neck, and, in some birds, communicate with the

pulmonaiy air-sacs. Inspiration is brought about by movements of the ribs,

resulting in a fonvard motion of the sternum and the widening of the body-
cavity. Certain muscles, which arise from the inner side of the wall of the

body-cavity (from the ribs and stei-num), and are attached to a membrane
which extends over the ventral surface of the lung, assist in the process, since

by their contraction, the hmgs are expanded.

The heart and the large arterial ti^unks arising from it, oifer

relations which may be shown to be a modification of those obtaining
in the Crocodiles. Both auricle and ventricle are completely divided
into right and left halves. The conus is wanting. The left aortic

Pig. 374. Section through the lower

end of the trachea and the upper ends of

the two large bronchi of a Bird; dia-

grammatic, h bronchi, me external, mi
internal tympanic membranes, s bony sep-

tum, t drum, tr trachea. I—IV the four

lower rings of the trachea ; 1 uppermost
half-hoop of a bronchus.—Orig.
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arch (left arterial arch of the second pair), which arises in Crocodiles
from the right ventricle, is here altogether absent; the aorta is

thus exclusively formed by the right arch arising from the left

ventricle; in other respects the relations are like those of the
Crocodiles. No mixing of arterial and venous blood occurs in Birds

;

^ B

U U
ao

Fig, 375. Diagram of the heart and arterial arches of a Crocodile (4) and of a
Bird (jB). a right, a' left auricle; v right, v' left ventricle; ao aorta. 1, 2, 4 1st, 2nd,

and 4th arterial arches of the right side, 1' 2' 4' the same of the left side (c and m
see Fig. 347).—Orig.

the venous blood enters the right auricle, goes thence into the right

ventricle, and from the latter to the lungs ; the arterial blood from

the lungs goes to the left auricle, thence to the left ventricle, and so

into the body.

The kidneys are long, dark-red bodies lying in the pelvic

region just below the vertebral column
;

they occupy the spaces

between the transverse processes, and are divided ventrally by

transverse constrictions into several (usually three) lobes. Sometimes

the two glands fuse, to a greater or less extent, along their inner

edges. The ureters open separately into the cloaca ; a urinary

bladder is absent. The urine is semi-solid and whitish.

Of the ovaries, only the left is developed; exceptionally

there is however a rudimentary right one ; in many diurnal Birds of

Prey (Falcon, Sparrow-hawk, Buzzard) such a rudiment is large
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and fairly constant. On account of the size of the eggs the Graafian

follicles project from the surface of the ovary, giving it a racemose

appearance. The left oviduct (Miillerian duct), also, is alone

well-developed, though a rudiment of the right may be present;

during the breeding season the oviduct is long and wide, at other

Fig. 376. Fig. 377.

Fig. 376. Reproductive organs of a Hen.
d rectum, I oviduct, ov ovary, t funnel, u uterus.

—

Orig.

Fig. 377. Reproductive organs (and
itteter) of a Cock; rectum turned to one side to

show the place where the ureters and vasa deferentia

open into the cloaca, a anus, h testis, n epididymis,

s vas deferens, ur ureter.—Orig.

times it is a narrow tube opening, by a large funnel, into the

body-cavity ; not far from the opening into the cloaca it widens out

to form the uterus, where the shell is secreted. The testes,
both of which are well developed (although sometimes the left is

larger), lie in front of the kidneys; the vasa deferentia, each of which

arises from a small epididymis, have a convoluted course, and open

separately into the cloaca, usually on small papillae. The testes are

very small, except at the breeding season, when they attain a

considerable size ; this holds also for the ovaries. A definite penis
occurs only in the males of a small number, in Strathious Birds,

Ducks, and some others; in the rest it is rudimentary or absent.

a G
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It is lioniologons with tlie copulatory organ of Cheloniaand Crocodilia;

it is situated oii the ventral wall of the cloaca ; the free tip is directed

backwards^ and is provided with a superficial groove, at the anterior

end of which the vas deferens opens, and along which the spermatozoa
pass during coitus. In Ducks the penis is spiral, in others, linguiform,

or rod-like ; the tip is usuall}^ invaginable. Where the cock-birds

have a penis, the hens usually have a rudimentary copulatory organ
{clitoris)

.

Very generally larger or smaller external (secondary) sexual differences
are noticeable : iisually the males are somewliat larger (in Fowls, etc.), rarely

smaller than the females (in Birds of Prey); the cocks are often distinguished

by the special development of certain feathers (Peacock, Bu-ds of Paradise), by
peculiar cuticular processes (spm- of the Cock), or by vivid coloming.

Most Birds breed only once a year (usually in th,e spring), others

several times {e.g., the House Sparrow). As a rule, they live in

pairs during the breeding season, i.e., they are monogamous;
occasionally tlie male has several hens, or is polygamous.

The eggs of Birds are of very considerable size, and contain a

large amount of food yolk. As they pass down the oviducts they are

covered first by a mass of albumen, then by a sliell-membrane, and

finally, in tbe uterus, by a liard calcareous sbell ; all the coverings

are secreted by glands in the wall of the oviduct. The eggs are

incubated by the females alone, or by tbe males and females

together, rarely by the males only, this occurs in the African Ostrich,

and the Phalarope {Phalaropits)
;
usually the sitting Bird is provided

with brood spots, regions from which the feathers have

fallen off, so that the eggs may come into direct contact with the

warm skin. Most Birds build nests for the reception of their eggs,

but occasionally they are laid upon the bare ground. In the simplest

cases the Birds drag together a scanty collection of twigs, straws,

feathers, etc. ; in others similar materials are woven into a basket-

shaped or spherical nest; occasionally the nest is built of clay, dirt, or

the like, and saliva (Swallows and others), or from saliva alone

(Salangane). The nests of some forms are built upon the ground,

and others in excavations or in natural holes in the earth (Sand-

martins, Puffins), in holes in trees (Woodpecker), on trees, etc.

Usually the males and females build the nest together. As a rule the

young Birds do not leave the nest immediately after hatching, but

remain in it for some time, and are fed by the parents ("altrices ") ;

occasionally ('' praecoces ") they are immediately able to feed them-

selves (usually, however, under the protection of the hen). The

newly-hatched young one generally differs considerably from the

adult ; it is either covered with down or is almost naked, and differs

in colour, and usually in the form of the beak {e.g., in many singing

Birds) ; the food, too, is often different from that of the adult (for

instance, many grain-eating Birds feed their young ones upon Insects).
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Tlie plumage, which replaces the down feathers, is usually essentially

different from that of the parent.

Many yormg Bii'ds, like young Ohelonia and Crocodilia, possess, on the tipper

side of the beak, a smaU hard cixticularised knob, with which they break thi-ough

the egg (neb).

Whilst some Birds inhabit the same confined locality throughout

the year, and may therefore be called residents, others undertake

longer or shorter excursions or true migrations. Some wander about

through a large district in search of food, and are most like the

residents
;
others, according to the season, leave the mountains and

betake themselves to the neighbouring valleys, or, impelled by

necessity, exchange the forest for the open country, etc. The more

conspicuous migrants travel gTeater distances, for they breed

every year in a cold climate, and spend the winter in a warm
country some way off. They follow special routes, which are arranged

so that, as far as possible, only those countries which resemble

the native habitat shall be touched at. Coast-birds usually take a

course along the sea-coast, or, if necessary, along rivers ; Marsh-birds

go over marshy-ground, along rivers, etc. The same route is generally

followed, whether going or returning. Most travel in large flocks,

sometimes several species in comjDany, and as old and young fly

together, the knowledge of the way is always handed on to, and
preserved by, successive generations ; Birds cannot find the way
" instinctively," although in Birds of Passage an inherited indefinite

instinct to wander may be noticed, which shows itself in restlessness

in young caged individuals, at the time when migration occurs.

Migrations from colder regions take place at different, but for each

species definite, times, usually in the autumn, for some species even
in August and July ; the return occurs from February to May, those

forms which are among the earliest to go away, returning last. Most
of the Birds of Passage, which breed in Britain, winter in South
Europe or North Africa.

It is easy to understand that wandeiings in general, and also true migration,
oi-iginated in the need for food ; it has been noticed that certain forms which do
not usually migrate, jom-ney South in severe winters in search of food, whilst,

in mild winters, some Bii-ds of Passage remain in their breeding place : on the
other hand, it may be observed, that migi-ation is undea-taken so instinctively

by most Birds that they will start even in time of plenty, so that their

wandering is no longer directly dependent upon the food supply.

Birds occur wherever there is life, although they are most
abundant in the Tropics, and constitute at the present time a very
numerous but fairly uniform class. Geologically this is the youngest of

all vertebrate classes, since the oldest avian form known, a single species
only, comes from the Jurassic, so that they were certainly very scarce
at that time ; a larger number occurs in the Cretaceous (all Odont-
ornithes) and many in Tertiary formations.

0 0 2
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Synopsis of

1

THE Orders of Aves.*

The yoimg ones

are covered at

first with a thick
"

coat of down.

The yoimg ones

on hatching are

almost naked
and veiy help-

less.

Saurura3: caudal region of vertebral
column longer than trank

; teeth present.
2. Odontornithes: caudal region shoi-ter

than ti-unk
; teeth present.

RatitaB: wings not functional; pedes"
ciu'sorii.

Rasores: short, slightly-cui-ved beak;
pedes gi-adarii

; wing shoi-t and cm-ved.
Natatores: pedes palmati.f
Grallatores: pedes vadantes.
Raptatores: beak powei-ful and hooked

;

'

pedes insidentes.

O seines: pedes fissi, ambulatorii, ad-
hamantes.

Clamatores: pedes adhamantes, am-
bulatorii, fissi or gressorii.

10. Scansores: pedes scansoi-ii.

3.

Hind toe

usually

small.

Hind toe

usually

weU-de-

veloped

Order 1. Saururas.

Of this order only a single species is known, Archceopteryx Utho-
graphica, from tlie Jurassic (litliograpKic slates). Archseopteryx,

Fig. 378. Archceopteryx. 1—3 first to thii-d fingers, 1' first, 4' fourth toe,/ fibiila,

il ilium, first, mc^ third metacarpal, n nares, o orbit, r cervical rib, ra radius, it ulna,

X is possibly a joint, but perhaps due to injury (according to the second interpretation the

third finger has three joints, according to the former, foiu").—Orig. (with the use of figures

by Dames).

* The systematic arrangement of Aves offers considerable diificulties, on account

of their great uniformity ; several of the orders given here are not naturiJ groups.

t For the significance of these terms, see the descriptions of the various orders.
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of all known Birds, stands nearest to Reptiles, It is characterised

firstly by the very long tail consisting of twenty elongate vertebrae,

to which the rectrices, known from impressions on the slates, were

attached in a single row on either side : and further, by the separa-

tion of the metacarpals: by the three well-developed fingers

furnished with claws (a point which maybe recognised from the

form of the last phalanx) : and by the presence of conical teeth on

the edges of the jaws. Among other characters it may be noticed

that the somewhat thin thoracic ribs have apparently no uncinate

processes ; that the cervical ribs are longer ; that the neck and pelvic

regions are shorter ; the sternal region, on the other hand, more

extensive than in Aves in general (the thoracic vertebrae also appear

to have been more freely articulated than is usual) ; that the

surfaces of the centra are apparently biplanar (not saddle-shaped)
;

and that the lower end of the fibula is complete, not simply ending

in a point ; it is even somewhat widened below. From the well-

preserved impressions of the large remiges it is proved that

ArchEeopteryx must have been a good flier. Its size was about that

of a Pigeon, but it is only known from two specimens, both incomplete

;

and the sternum, pelvis, and coracoid are not made out, or only

imperfectly.

Order 2. Odontornithes {Toot/ted Birds).

The Toothed Birds, of which several species are known from the

Cretaceous of North America, are on the whole very like existing

forms, though differing in the possession of teeth upon the edges of

the jaws. Some of them {Ichthyornis) possess slightly biconcave
centra ; in others {Resperornis) , the vertebrae are similar to those of

living Birds. The mandibular rami are not anchylosed anteriorly.

The pelvis is characterised by the fact that the ilium and ischium
are not fused posteriorly. For the rest, a considerable variety of
fornas is grouped under this name : some were able to fly, others
possessed rudimentary wings like the Ratitae.

Order 3. RatitaB {StrutMous Birds).

The most prominent character of this order is the degenerate
condition of the wings, which can never be used for flight,

and, indeed, are often quite rudimentary. The sternum has no keel.
The hind limbs, on which there is usually no hind toe, are generally
very powerful, and are used for running; the claws are short and
stumpy. The feathers are not arranged in tracts, but are fairly
regularly distributed over the whole body (there are, however, naked
portions, e.g., on the inner side of the fore limbs in the Ostrich and
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Rhea)
; there is no down between the feathers

;
remiges and retrices

generally differ but little from the other feathers. There are no
uropygial glands.

The Ratitae are placed directly after ArcliEeopteiyx and the Odontoniithes
because, in several respects, they show more primitive characters than other
living forms. For instance, the palatines do not touch the lower wall of the skull,
but lie a little distance from the middle line, as in Lizards ; a character which
they have in common only with a small isolated group of the Rasores * (in

Archseopteryx and the Odontornithes this portion is not preserved) ; the bones of
the skull remain separate longer than in Carinates, as do also the cervical ribs and
tarsal bones ; the ischium does not fuse with the ilium (as in Odontornithes) or
only quite posteriorly

; the second digit of the fore limb possesses a fairly well-

developed claw. In various other points, however, they are considerably special-

ised
;

the condition of the wings is clearly secondary {i.e., the Ratitaj are
descended from flying birds) ; the absence of the keel is a consequence of the loss

of the power of flight and the degeneration of the pectoral muscles ; so with the
feathers, etc.

Most of the Ratites are of very considerable size
;
they are true

prairie animals inhabiting the warmer portions of the Southern
Hemisphere. They prefer a vegetable diet, but also eat small animals.

The males undertake the whole or most of the brooding. The young
ones are covered with down and are able to run about directly they

are hatched.

1. Ostriches {Struthionidx) . Beak short and broad, feathers Avithout

aftershaft
;

wings relatively well developed, with pollex and large feathers

;

smaller or larger feathers on the tail. Belonging to this family are : the

American Ostrich or Nandu {Rhea) with three toes ; in South America :

the African Ostrich {StriUhio Camelus) with only two toes (3 and 4)

of which the inner bears a large claw, whilst the outer has no claw or only

a small one
;
wings with very large, and tail also with fau'-sized, feathers ; in

Africa and West Asia.

2. Cassowaries {Dromieidse). Beak short, main-shaft and aftershaft

of equal size : wings very feeble, pollex absent, tail scai-cely distingmshable

;

three toes. The Cassowary {Casuarius) with a bony ridge covered with

horn on the top of the head ; a compressed beak ; and on each wing five long

strong feathers without barbs : inhabiting New Guinea, the Moluccas, and the

north of Australia. The Emeu {Dromxus) with flat beak; without crest and

without naked feather shafts, occm-ring in Australia. To the same family Ijelong

the extinct Moas, some of which had a hind toe. They flom-ished in New
Zealand several centuries ago, and some of them were of gigantic size (Dinoi-nis

and others).

3. Kiwis {Apteryx) axe small, short-legged, and short-necked bh-ds, (about

the size of a fowl) with long thin beak, on which the nares lie close to the tip

;

feathers without after-shafts
;
wings quite i-udimentary ; hind limbs ynth a small

hind toe. Their food consists essentially of Earthworms ; in places where

they live, the earth is riddled with borings made with the beak. They are

nocturnal animals and brood in holes in the eai-th, which they dig out them-

selves ; New Zealand.

* Namely, the Tinamoiis {Crypturidm) , a division of Rasores distinguished by

a long beak; very short rectrices, if any (so that they appear short tailed or tailless)

;

and a very small hind toe, if present at all. They inhabit South America.
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Order 4. KaSOreS (Gallinaceous birds).

Beak sliort, slightly curved at tlie tip
;
pedes g r a d a r i i, strong

feet witli sraall hind toe, wliicli is articulated at a higher level

than the rest of the toes, and has a slightly curved, short com-

pressed claw; occasionally the hind toe is large. The wings are

usually short, rounded, curved. The Easores are, as a rule, of

medium size, they are not very good fliers and generally remain

on the' ground; they are mostly omnivorous, scraping up seeds,

larvEe, worms, etc., with their claws. Not a few are polygamous,

Avhen the males are usually larger and more gorgeously coloured

than the females. The eggs a,re, as a rule, laid on the ground and

brooded by the hens ; the newly-hatched chicks are stronger than

those of most other birds, and are able to run about iuimediately.

1. Tetraonomorphse. The nares and tlie base of the loeak covered with thick

feathers. Metatarsus more or less feathered, without a sptu-. Here belong : the

Capercaillie {Tetrao urogallus) occurring in Scotland; and the Black
Grouse {T. tetrix)

;
magnificent birds, the former the larger : in both cases

the metatarsus is completely feathered, the toes naked
;
polygamous ; the cocks

much larger than the hens ; the latter brown, the former blackish. In the genus

Lagopus, the whole foot is feathered; they are brown in siunmer, usually

white in winter ; the Eiiropean species live only in cold regions, the Alps and

elsewhere; two species are met with in Scotland, the Red grouse {L. scoticus),

which is brown all the year round, and the Ptarmigan {L. mutus), the

former occmi'ing also in the Orkney Isles. The Sand Grouse (Syrrhaptes

paradoxus) is characterised by long wings and shoi-t feathered feet, from which

the hind toe is wanting, the fore toes being fused; it is indigenous to the

Steppes of Western Asia, but in recent years has several times wandered in

large flocks into Europe, and has even been known to breed in Scotland.

2. Phasianomorphse. The naris naked, covered with a small arched scale.

Metatai'Siis of the male usually fm-nished with a spur (occasionally with two),

which is rudimentary in the female.

(a) The Pheasant Family (Phasianidas). Tail feathers sloped from
a median plane like a roof : naked outgrowths usually present on the head :

spm- present : sexual dimorphism well marked : South Asia. The Domestic
Fowl {Gallus domesticus) , with a naked comb on its head; cock with long
curved tail covei-ts; descended from Jungle-fowl (G. hanhiva). Fm-ther,

the Pheasant (Phasianus), of which one species {Ph. colchicus) occiu's

in many places in England in a half wild condition
; distinguished by their

long pointed tail (the rectrices themselves are lengthened).

(b) The Peacock Family (Pavonidm) . Tail flattened and fairly long

;

spm- present. The Peacock (Pavo cristatus), with a tuft of feathers on the
head ; male with extraordinarily long tail feathers, which can be spread out

:

East Indies. The Turkey (Meleagris gallopavo), head and neck naked, in

the male a soft process of skin depends from the dorsal side of the head at
the base of the beak: North America.

(c) The Partridge Family (Perdicidm) . Tail flattened, short
; spiu-

often absent. In England there occm-, the common Partridge {Perdix
cinerea) and the common Quail (Coturnix communis), of which the latter
is a Bird of Passage and polygamous ; both have a naked patch of skin behind
the eye; the spiu-s absent; male and female fairly similar. The Guinea-
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fowl {Niimida meleugris), with naked hearl, which bears a large bony process;
grey, with white spots; without spur : indigenous to Africa.

3. The Ourassows {Cracidx: genus Craaj, etc.). Large, with fairly
long metatarsus, cui-ved and pointed claws

; long tail ; beak covered at the
base with soft naked skin (cere), where there is often a large knob; an
upright crest of feathers, frequently cm-ves forwards from the top of the
head : breed in trees : Mexico and South America.

4. Mound-birds or Talegallas (genus Megapodius, etc.), dis-
tinguished by the length of the claws and the powerful sti-uctui-e of the hind
toe, which is articulated at the level of the other toes. They ai-e specially
remai-kable in that they do not brood over their very large eggs, but deposit
them in a moimd of vegetable matter, which they have collected, in a sand
heap, or in a pit dug in the sand ; the eggs ai-e then either incubated by the
wai-mth resulting from the fermentation of the vegetable matter, or simply hy
the heat of the sun. The young ones lose the covering of down whilst still within
the egg, and hatch out with the adult plumage. Australia, the Philippines.

Order 5. Natatores {Swimminff Bink).

The feet are generally pedes palmati, i.e., a membrane is

stretched between the front toes almost to their tips. As a rule

the feet are short, the claws short and flattened, the hind toe

generally very small, the lower end of the fore leg bare and
scaly. The tail is usually short ; the plumage thick and elastic.

The Natatores are able to swim bv means of their hind limbs, and
not a few of them can dive, when they often use the wiugs as

swimming organs; others can only bring the head, neck, and foie

limbs below the water, the rest of the body remaining above. Usually

they cannot walk well ; the power of flight is considerable in some
forms, in others it may be lost.

1. The Grulls (Longipennes) . Long, pointed wings ; shorf hind toe ; latei-al

slit-like nares ; tail well-developed. Most are coast-birds (some may also live near

fresh water), feeding on Pisces and other marine animals, for which they plimge

into the sea ; excellent fliers. The Gulls (Larus) are large and light-colom-ed,

with the tip of the beak cm-ved ; and a stiunpy tail ; numerous species on the coast

of Great Britain : the C omm on G 1 1 {L. canus), the Black-headed Gull
{L. ridibundus), the Laughing Gull {L. atricilla), the Herring Gull
(jD. argenius), and others. The Terns {Sterna) differ from the Gulls in their

long, straight, pointed beaks, and their forked tails. Out of eight or nine species

occim-ing on English coasts, the Common Tern {S. hirundo), and the

Lesser Tern {S. minuta), may be noted. An interesting form is B u f f o n " s

Skua (Lestris), dark in coloiu-, with the two median rectrices longer than the

others, and the beak grooved. The Skuas follow other marine forms which have

secm-ed any prey, seizing upon it if the possessors allow it to fall
;
they also fish

for themselves, and behave as true Birds of Prey, since they hunt small Birds

and Mammals. They are northern, and are met with in the Orkneys.

2. The Petrels (Tubinares). Chiefly distinguished from the preceding

groups, in that the nares are situated at the ends of two tubes lying above the

beak
;
usually met with in the open sea. Among those on British coasts, may

be noted, the Fulmar Petrel {Fubnarus glacialis) of the Orkneys' and

St. Kilda's, and the small, dark-coloured Stormy Petrel {Procellaria
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pelagica) of the English Channel, the Atlantic, and elsewhere. The group is

represented in the Southern Hemisphere, at the Cape, etc., by the large

Albatross {Diomedea exulans), in which the hind toe is wanting.

3. Steganopodes. A large, often backwardly dii-ected, hind toe, which is

connected by a web with the other toes, so that there is here a web between all

fom- {p. stegani) ; beak long, straight, the tip usually cui-ved downwards. The

Cormorant {Gh-aculus carbo) is dark-coloui-ed, with a naiTow beak hooked

at the tip ; it breeds in flocks in trees near the sea or by fresh

water; feeds upon fish; almost throughout the whole of Europe, in Great

Britain, Asia, North America (in the winter, also in Africa). The Pelican
(Pelecanus), white, with reddish or yeUow touches, the beak long, straight, and

broad, hooked at the tip ; the skin between the mandibular rami capable of gi-eat

distension, to form a large sac for the reception of the prey; tongue rudimentary

;

indigenous to warm countries ; two species in South Em-ope. The Frigate
Bird {Tachypetes aquila), with long, pointed wings, forked tail, and feebly-

developed web, lives in the open sea witliin the Tropics ; feeds chiefly upon Flying

Fish, which it catches as they fly. The Gannet {Sula bassana), vnth. long

wings, and a long powerful, pointed beak, plimges deep into the water after its

prey ; common in Iceland and the Pharoe Islands, also met Avith in Devonshire.

4. Pygopodes. "Wings weakly developed, but with the ordinary joints ; beak

of diverse form
;
leg, and most of the foreleg, enclosed in the body-wall, from

which the lower end pi-ojects close to the anus ; tail very shoi-t ; the body can be

held upright whilst walking. They dive after Fish, SheU-fish, and such like

belong to the Noi-thern Frigid Zones.

(a) The Divers {Colymbus) usually possess pedes palmati, with a small

hind toe ; a long beak, pointed and straight. Northern birds, building their nests

close to fresh water ; several in England : the Great Northern Diver
(C glacialis), the Black- throated Diver (C arcticus), and the

Red-throated or Speckled Diver {C. septentrionalis). Grebes or

Dabchicks {Podiceps) are like the Divers, but differ in that they have no

continuous web, each fore toe having on either side a broad ridge (pedes

fissipalmati)
;
they build a floating nest on stagnant water ; several species in

Great Britain: the Red-necked Grebe (P. grisegena), the Eared
Grebe {P. auritus), the Little Grebe (P. ?nmo7-), and others.

(&) The A Ilk Family {Alcidie) is distinguished from the preceding

group by the absence of a hind toe. They breed in flocks by the sea. The
Guillemots (Uria), with fairly long, sti-aight, pointed beak, breed chiefly on
Northern seas; thi'ee species abimdant on the shores of North Britain, the

Orkneys and Shetlands. Only one species of Auk, the Little Auk {Alca

alle) breeds in Great Britain ; the Razor-bill {Alca tonda) breeds in colder

countries, but is occasionally found in the North Sea in wiater ; related to it is

the extinct Great Auk {Alca impennis), in which the degenerate wings were
quite useless for flight. It inhabited Iceland, Newfoundland, etc. The Puffin
{Mormon fratercula) has the beak much compressed laterally and grooved

;

it digs out tunnels in the earth and nests in them
;
breeding chiefly on the

Northern Coasts (Iceland, etc.).

5. The Penguins {Impennes). Avery aberrant gi-oup, chiefly charac-

terised by the small fore limbs, which move only from the shoulder, and
are covered with small scale-like feathers (no specially developed remiges)

;

they are of course useless as organs of flight, but are used for swim-
ming.* Like the Auks, the Penguins walk upright ; the metatarsus is short

* Indeed, the Bird swims almost entirely by means of the fore limbs, the feet
being stretched backwards with the soles upwards, and serving as steei'ing organs.
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and broad, the small hind toe turned foi-wards : the tail is veiy short : the
feathers are evenly distributed over the body. They live in the Southern
Hemisphere.

6. An seres (Lamellirostres). Large, usually broad, bill, high at the base,

flattened at the tip ; most of the beak is covered by soft skin, only at the tip is

there a hard, horny j^late
;
along the edges of the jaw there is a series of small,

usually laminate, processes
; thick, soft tongue ; small hind toe.

(a) Ducks {Anatin^). Small anserine forms with short neck and broad, flat

bill with a small horny plate ; the male more brightly coloured than the female
;

imdergo a seasonal change of coloiu-. Birds of Passage. Among a numlier of Ducks
occm-ring in Great Britain the following may be noted : the Wild Duck {Anaa
boschas), ancestor of the Domestic Duck; the Common Shield rake or

Stock Annet (A. tadorna); the Pintail Duck {A. acuta), a regular

winter visitor; the Teal {A. crecca); the Garganey {A. querqtiedula)

;

the Shoveller or Spoon-bill Duck (A. clypeata), in which the bill is

very large and provided with long laminae at its edge. Many Ducks Vjreed in

England, but others, e.g., the Widgeon (A. penelope), only, or usually, in more
Northern Countries. The Fuligulinse differ from the Ducks in the possession

of a small flap of skin, which projects from the hind toe ; fm-ther in the power

of diving -. they are mostly northern forms, several occur on the English coasts

:

the Tufted Duck {Fuligula cristata); the Staiip Duck (F. marila). To
this division belong the Eider Ducks (Somateria viollissima), which breed

on the Faroes, in Iceland and Greenland in gi'eat numbers. The Mergansers
(Merginse, genus Mergus and others), differ from the Fuligulinse in the

narrow beak, hooked at the tip and furnished with dentiform processes at the

edge. Several species in England.

(b) Geese {Anserina') . Large, fairly long-necked, and long-legged, with-

out flaps of skin on the hind toe, beak high at the base and with a large

horny plate at the tip. In contradistinction to other LameUii'Ostres, which

feed either upon animals or are omnivorous. Geese feed chiefly on plants?

gi-azing with theii- bills ; they live upon land much moz-e than do the others.

Usually there is no striking sexual dimoi-phism. The Grey Goose (^?Jse7-

cmereits), the ancestor of the Domestic Goose ; the Red-breasted Goose
{A. ruficolUs) ; the Bean Goose {A. segetum), and others occm- in Britain.

(c) Swans (Cygnus). Large, very long-necked, but short-legged; the

hind toe without a flap of skin, biU high at the base, flattened at the tip. In

Temperate and Frigid Zones ; those of the Northern Hemisphere, wliite ; those of

* the Southern, partially or entirely, black. Amongst others the Whistling
Swan or Wild Swan (C. musiciis), and the Mute Swan (C. o?oj-), occur

in England; the latter is frequently kept as a tame animal. The Black

Swan (C atratus) inhabits Australia.

(d) Flamingoes (Phoenicopterus) are, with regard to their very long fore-

legs and metatarsals, like the GraUatores ; the neck is extraordinarily long

;

the beak looks as if broken, otherwise like that of the Ducks ;
tongue

soft and large; web present. One species of this large Bird inhabits

MediteiTanean lands, wading about on the coasts.

Order 6. GrrallatoreS {JFad/nf/ birds).

The members of this group have pedes grallarii; the lower

portion of the leg is naked, scutellate, the metatarsus long ;
there is

usually no web, although this is present in exceptional cases. The

head is small, the beak usually long and narrow. The neck long,
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mucli curved, and sigmoid; the feathers which cover the curves

are often long, making the whole neck look short and thick. The

food is usually of an animal nature.

1. Altinares. Beak large and strong, much longer than the rest of the head,

^vith firm, horny sheath, small basal nares, wings large. Birds of considerable

size, which build their nests high above the groimd (in trees, etc.) and foster the

young ones.

(o) Herons {Eerodii). Hind toe long, with a lai-ge claw, resting its whole

length upon the ground. In Britain there are : the Common Heron {Ardea

cinerea), abimdant, nests in flocks in trees ; the Common Bittern {Botaurus

stellaris), with soft plumage, brownish in coloiu-, nocturnal ; the Night Heron
{Nycticorax griseus) with thick bill, an occasional visitor ; and others.

(b) Storks (Pelargi). Hind toe shoi-t, with small claw ai-ticulated at a

higher level than the other toes. Here belong the "White Stork {Ciconia

alba), and the Black S t o r k (0. nigra) both of which occasionally visit England.

The Adjutant or Marabou (Leptoptilus) with very powei-ful beak;

bare neck and head ; a carrion feeder, in Africa and the East Indies :
the

White Spoonbill {Platalea leucorodia) with much-flattened bill broad at

the tip, in South Em-ope, rare in England: the white Sacred Ibis {Ibis

religiosa) of ancient Egypt, distinguished by the thin, soft, ciu-ved beak, and the

naked head and neck ; now rare in Egypt but abundant in the Soudan and

Southern Nubia.

2. Brevirostres. Bill shoi-t, usually fairly thick, with fii-m, horny sheath

and nares sub-basal. Most of them are small or of medium size and nest on

the gi'ound ; the young ones can run from the first.

{a) Plovers {Charadriidie) . Small birds with or without a small hind

toe. Among those occmTing in England the following may be mentioned : the

Peewit {Vanelhis cristatus), with a crest of feathers on the head, hind toe

present, nests on meadow land; the Turnstone (Sti-epsilas interpres), with

hind toe, the short beak somewhat arched upwards, with a world-wide distribu-

tion on sea-coasts ; the Oyster Catcher (Hsematopus ostralegus) without

hind toe and with a long beak ; the Golden Plover, {Charadrius pluvialis),

without hind toe ; with shoi-t beak clubbed at the tip : an inland form, on moors, etc.

Of these, the Tiu-nstone is only a seasonal visitor, the others are indigenous.

(b) The Bustards {Otidai). Large hen-Hke forms with short conical

bill ; and short powerful toes ; the hind toe absent
;
inhabiting di'y treeless plains

The Large Bustard {Otis tarda) aud the Small Bustard {0. tetrax)

occasionally visit England ; the latter is a native of Mediterranean coasts.

(c) Water-fowls, Rails {Rallidst). Toes long, hind toe well developed
;

beak vai-ying in length. As examples maybe mentioned: the Water Rails
{Ballus aqtiaticus), beak straight, larger than the rest of the head; the Corn
Crake or Land Rail ( Crex pratensis), a migratory form ; the Moor - hen
{Gallinula chloropus) ; and the Common Coot {Fulica atra), with a iddge o
skin along each side of the fore toes ; both of the latter with a naked, horny
frontal plate above the beak.

{d) Cranes {Gruidx). Large, with fairly large, straight, pointed Ijeak
;

legs very long, toes short, hind toe small, neck long. The Common Crane
{Gi-U8 cinerea) was formerly a native of England, but long ago ceased breeding
here, and now only appears at uncertain intei-vals.

3. Debilirostres. Bill long and thin, often flexible, and with a soft skin
othei-wise hke the Brevirostres ; in mode of life, tine Wading Birds. The
Snipes {Scolopax), with long, straight, soft beak (Woodcock [S. riisticolal,

Great Snipe [S. major'], Common snipe [S. gallinago], Jack Snipe [iS. gallinula'])

:
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tlie Sandpipers (Tringa) ; some indigenous, some seasonal visitors: the
Ruff {Mache tes pucjnax) : the Redshank

(Totanus) -. the G o d w i t s
(Limosa) : the Curlews {Numenius arcuata), with very long, arched downwardly
curved beak: the Avoset (Becurvirostra avocetta), with very long, upwardly
cm-vedbeak, and incomplete webbing between the toes. All those mentioned
(and others besides) occm- in England ; some are Birds of Passage, othej-s
indigenous. The Ph alar opes (Phalaropus), with ridge of skin along the
toes, are Northern forms (Iceland, etc.), which occasionally stray into Engknd.
The males alone incubate the eggs.

Order 7. AccipitreS or RapaceS {Birds of Prey).

Beak short and strong, thick at the base, which is provided with a
cere, much curved and with its point directed doAvnwards. The feet are

powerful ; the strong claws are of an elongate, conical shape, pointed
and curved, forming the talons ; the hind toe is usually very strong

;

pedes raptatorii. Wings large. For the most part, majestic Birds,

feeding upon their prey or upon carrion. The females are larger than

the males. The newly-hatched young ones, although well covered

with down, remain for a long time within the nest, and are fed by the

parents.

1. Diurnalbirdsofprey (Hemeroharpages). Head and neck feathered

;

hind toe large, articulated at the level of the fore toes, and beai'ing a veiy short

claw. They prey upon living animals.

(a) Hawks {Asturidie). Lower side of the metatarsus covered with large

horny plates
;
wings of medium length. Amongst British species are the

Goshawk (Ashir palwnbarius) and the small Sparrow-hawk (A. nisus).

The Secretary {Gypogeranus secretarius), an extraordinarily long-legged bird,

with a very long metatarsus and short toes, recalling a "Wading Bird ; lives in

the deserts of Africa, feeding chiefly upon Reptiles. The Buzzards (Biiteo)

differ from the Hawks principally in the greater length of wing. The Harriers
(Circus), also with long wings, are characterised by the possession of a facial

disc, like that of the Owls.

(b) Falcons (Falconidie). The hinder side of the metatarsus, with

numerous small scales. Short, powerful beak, cvu-ved from the base, and with a

large tooth-like projection on the edge, near the tip. "Wings usually long. The
most important occurring in England are the Kestrel (Falco tinniincuhis), the

Peregrine Falcon {F. peregrinus), the Hobby (F. subbuteo). and the

Merlin (F. sesalon) : F. subbuteo, a migratory form wintering in South Africa

;

the others indigenous. The Gyr falcon (F. gyrfalco) ia an Ai-ctic bird, which

occasionally visits England.

(c) Eagles {Aqxdlidx). The metatai-sus like that of Falcons, but often

feathered; beak usually longer, only cui-ved at the tip. very strong, without

the dentiform projection; large with long wings; the Eagles (Aquila),

characterised by the well-feathered metatarsus, only occm- as stragglers in

England, but are more common in the Highlands. The only two British species

are the Golden or Mountain Eagle {A. chrysai'his), and the large Sea

Eagle or "White tailed Eagle (HaliaHus albicilla), in which the meta-

tarsus is only feathered over its upper half. This form feeds both upon land

animals and fish ; it occurs in all parts of Europe, and wanders south to breed.

The Osprey or Fishing Hawk (Pandion haliactiis), distinguished by the
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short beak, and by tbe reversible oixter toe, feeds on fish ; and is very

cosmopolitan, being met with in all five continents. The Kite or Glede
{Milvus rcgalis) is distingviished from the Eagles proper by its smaller beak and

its forked tail; abundant in England and Exirope generally. To the Eagles

belongs also the Bearded Yulture {Gypaiitus barbatus), in the mountainous

regions of South Europe and South Asia (at one time in the Alps). It was formerly

classed with the Vultu.res, which it resembles in its mode of life (feeding chiefly

upon can-ion), but the head and neck are covered with true feathers.

2. Vultures of the Old "World {SaproTiarpages). Head and upper part of

the neck bai-e or covered with down ; hind toe large, ai-ticulated at the same level

as the others ; talons less powerful, somewhat depressed
;
wings large ; numerous

small scales on the posterior side of the metatarsus. Large forms, feeding chiefly

upon caiTion, and inhabiting the hotter parts of the Old World. The large

"White-headed Vulture
(
Vultiir fulvus) , with the head and neck covered

with whitish down ; and the small Alpine Vulture (Neophron percnopterus)

^

with naked head and very long, thin beak; live in countries bordering the

Mediterranean and in Africa.

3. Vultures of the New "World (^eci'o/iai'jjagfes). Head and upper pox-tion of

the neck usually naked ; hind toe small, articulated above the level of the rest

;

nasal septum perforate
;
very large wings ; carrion feeders ; in America, especially

South America. The largest species is the Condor [Sarcorhamplius gryphus)

;

another large form is the King Vtilture (8. papa), vdth brightly-coloui-ed

head and neck ; and the smaller Carrion Vulture
(
Cathartes).

4. Owls (Nyctharpages). The back part of the head so broad that the eyes

look forwards (in other Bii-ds of Prey they look sideways). The face is smTounded
by a cii-cle of peculiar short feathers, the facial disc; there is also a cii-cle of

feathers round each eye ; between these rings is the large auditory opening.

Bristle feathers suiTOund the base of the beak ; the plumage is soft, usually

mottled brown ; the outer toe (foui-th) is reversible, i.e., may be tui-ned backwards
;

the hind toe is articulated somewhat above the others ; the foot and toes usually
feathered.

(a) Diurnal Owls (Striges diurnie). The ear simple, without an
operculum ; facial disc incomplete above. They hunt both by day and in the
evenings. Dim-nal Owls are rare in England. The Snowy Owl (Nyctea nivea)

has been found off the Shetlands ; and the Hawk Owl (Surnia nisoria) at sea,

off Cornwall, but both these are more Northern (Scandinavia). Others which are
Continental bu-ds, occasionally visiting the British Isles, are the Great-Eared
Owl [Bubo maximus), and the small Scops Eared Owl {Epliialtes scops),

both with two tufts of feathers on the head ; and the Little Owl [Athene
noctua).

(b) Nocturnal Owls {Striges nocturnse). Ear very large, with an oper-
culum

; facial disc complete. In England there are the Tawny Owl (Syrnium
aluco), the Long-Eared Owl {Otus vulgaris), the Short-Eared Owl
(0. brachyotus), the almost cosmopolitan Barn Owl {Strix flammea), and as
an occasional visitor, Tengmalm's Owl (Nyctale funerea).

Order 8. Oscines. [Singing Birds).

The feet are thin and delicately formed. The hind toe, which is

strong and provided with a larger claw than the others, can
be moved by itself, whilst in all other Birds it can only be
moved with the other toes, since the tendon of the hind toe is generally
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connected with that of the fore toea, though in the Oscines ic is

independent. The contour feathers of the wing are small and few in
number. In the majority the back of the metatarsus is almost covei-ed
by two long, narrow plates, instead of being scutellate. At the lower
end of the trachea there are generally several small muscles, which are
absent from other forms (singing muscles) . The nest is often rather
ingenious in construction. The Oscines feed, for the most part, upon
grain, berries, or Insects.

1. Turdiformes. Beak usually straight or slightly curved at the tip, often
with a marginal notch in front ; nares basal.

(o) Singers {Sylviadx). Beak somewhat feeble, compressed, of mediimi
length with a shallow notch : small or medium-sized some of them noted
singers : feeding upon Insects and berries. The following English Birds, among
others, belong here : many of the Turdids

; Blackbird: {Tardus merula) ; the
Ring Ouzel (T. torquatus), the Song Thrush (T. musicus), etc. The
Common Dipper (Cinclus aquaticus), almost the same size as the
Thrushes, dives into running water ; a sedentary Bii-d ; the Nightingale
{Iniscinia philomela) ; and the Redbreast {L. rubecola) ; the Redstart
(Buticilla) ; the Wheat ear (Saxicola) ; the genus Sylvia (Sedge Warblers,

Reed Warblers, and Willow Warblers) dainty little foi-ms, usually inconspicuous

in coloui-. The G-old-c rested Regulus (Begulus), and the Wrens,
{Troglodytes parvulus) the smallest British Bii-ds. The Wagtails {Motacilla)

with long dipping tail, near small pieces of water. The Pipit {Anthus) with

long hind claw, like the Larks.

(b) Shrikes {Laniadse) differ from the Sylviadse in the strong beak, at the

edge of which is a dentiform process on either side just within the cm-ved tip.

They catch Insects and small Vertebrates and spike them on thorns. Sevei-al

species occur in Eui'ope, the largest, the Great Grey Shrike or Butcher-
bird {Lanius excuMtor), which is as big as a Tkrush, is occasionally met with in

England.

(c) The Tits {Paridse) small, with soft plumage ; the beak is short, fairly

thick, straight, and without a notch ; the nares covered by bristles. Insect-

eaters, which breed chiefly in hollow ti-ees and such places. Amongst Enghsh
forms are the Great Tit {Parus major), the Blue Tit (P. coei-uleus), the

Long-tailed Tit (P. caudatus), etc.

{d) The Fly-catchers {Muscicapidx) have shoi-t, straight, flattened

beaks, broad at the base and with stiff bristles at the root. The Spotted
Fly-catcher {M. grisola) is a seasonal visitor to England ; two other species

are occasionally met with.

(e) The Bohemian Waxwing {Ampelis gamilus) has a rather short

beak somewhat broad at the base, and soft plumage. The most remarkable

peculiarity of these creatm-es is that on the remiges, and sometimes also the i-ectrices,

some of the branches have imited with the tip of the shaft to fonn a spatulate

lamina. They breed in Scandinavia, but in the winter occur in gi-eat nvmibei-s on

the continent and occasionally visit England. To an allied gi-oup Ijelongs the

Golden Oriole {Oriolus galbula), which is of a beautiful yellow, of the size

of a thinish ; rare in Britain.

2. Conirostres. Beak short, thick, and conical, with nares high up. The

food consists chiefly of seeds, but the young ones are fed upon Insects.

(a) Finches {Fringilla), beak thick, vnthout a hooked tip; the Haw-
finch {F. coccothraustes), the large English Finch, beak extraordinarily thick

and strong; the Chaffinch {F. coelebs) ; the Mountain Finch {F. monti-
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fringilla); the Greenfincli {F. Moris); tlie Serin Fincli {F. serinus)
;

"the Common Linnet {F. cannabina) ; tlie Mountain Linnet {F.

montiiim); the Goldfinch (F. carduelis) ; the small yellowish-green Siskin

{F. spinus); the Lesser Redpole {F. Unaria) ; the House sparrow
(F. domesHca) occui-s in Europe, Asia, and North Africa, and has also been

introduced into America and Australia; has increased enormously in North

America ; the Tree s p a r r o w (2^". montana) ; the Bullfinch {F. pyrrliula) :

all these occux in England, but the Mountain and Serin Finches and the Siskin

ai-e rare. Among foreign forms may be mentioned the Canaries {F. caiiaria)

from the Canary Islands.

(6) B 11 n t i n g s (Emheriza), beak compressed at the tip, nan-ower and lower

than the mandible, the edge arched ; there is usually a hard knob on the palate.

The Snow Bunting {E. nivalis), which nests in the north, and in the winter

comes to England, has no palatine knob. The Common Bunting (E,

miliaria) ; the Yellow Bunting or Yellow Hammer {E. citrinella)
;

the Black-headed Bunting (E. schcenicliis) ; the Ortolan Bunting
{E. liortulana), all occm* in England, but the last is rare.

(c) Cross bills (Loxia) are chiefly characterised by the crossing of the

tips of the beak and mandible
;
pine-tree birds : L. cwrvirostra and L. pytiopsit-

tacus occasionally visit England. Allied is the Pine G-rosbeak (Pinicola

[Pyrrhula'] enucleator), about the size of a Thrash, with hooked tip to the beak;

a northern form of rare occiu-rence in England.

3. Corviformes. Strong, fairly large, almost straight beak
; fairly strong

feet. For the most part large, social, and omnivorotis.

(a) Starlings {8tm-nus vulgaris), medium-sized, with long, straight,

compressed beak ; the nai-es not covered with feathers. They breed in holes,

ai'e insectivorous and indigenous. Allied is the Rose-coloured Pastor
{Pastor roseus), in which the top of the beak is feebly curved; occasionally strays

into England.

(b) Raven family {Gorvidx), with very strong, anteriorly compressed,

somewhat curved beak ; the nares are covered with bristles. Large. TheRaven
(Corvus corax), the largest of English Oscines, quite black in colour and
not veiy abundant. The black Carrion Crow (0. corone), and the partially

black Hooded Crow (0. comix) are not separate species, but only

geographical varieties ; thei'e is a series of transitions between the two, and
they are quite fei-tile together. The Rook (C. frugilegus), quite black, the

bristle feathers at the base of the beak wanting in the adult. The Jackdaw
{C. monedula), slaty black, beak shoi-ter than in the others mentioned. The
Magpie (Pica cattdato), with long tail, black and white. The Jays {Garrulus

glandarius), brightly-coloured, with short beak, the tip of which is hooked. The
Nutcracker {Nucifraga caryocatactes), with long, almost straight beak.

Rare in England.

(c) Birds of Paradise {Paradise idx), distinguished by their gorgeous
colouring and the peculiar structure of the feathers, but these points characterise

tbe males only, the females being more modestly an-ayed
;
large, with strong,

compressed beak, and nares covered by feathers; New Guinea and adjacent
islands.

4. Swallows {Longipennes) . Wings very long, feet short, beak short;

broad at the base ; the angles of the mouth reach far back. Small migi-atory

Birds, excellent fliers; insectivorous. In England occur the Swallows
{Hirundo rustica), with brownish red thi'oats, and the House Martins
{H. wrbica), both of which build the weU-known nests of mud and saliva ; the
brownish-grey Sand Martins (if. riparia), which dig horizontal nesting
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tunnels, 1 m. to 15 m. long in perpendicular walls of sand; and breed in the
innermost, somewhat widened poi-tion.

5. The Common Creeper (Certhia familiaris), the Nuthatch
{8itta caesia), and the Wall Creeper {Tichod/roma muraria) belong to a
special group of the Oscines, and are characterised by the very great size of the

hind toe, whilst the fore toes are enclosed at their roots in a common skin. The
claws are much compressed and very pointed. They are all found in England, but
the Wall Creepers are very rare. They run up the trunks of trees or up rocks.

All the Creepers have long, thin, arched beaks (longest in the Wall Creepers)
;

the Nuthatch has a straight, strong, pointed beak. The WaU Creepers are Alpine.

6. Larks (Alaudidx), distinguished from all the other Oscines so far

mentioned in that the metatarsus is covered posteriorly by several small

plates. The hind toe has a long, straight claw ; the beak is of medium
length, fairly strong and almost straight, the summit arched. They feed chiefly

on seeds, and nest on the ground ; the following occur in England : the Sky
Lark {Alauda arvensis), the Wood Lark {A. arhorea), and the Crested
Lark {A. cristata) , the last is rare. The Shore Lark {Otocoris alpestria)

is of striking appearance, it inhabits the Northern parts of Asia and Europe,

and not infrequently visits the East coast of Britain. Allied to the Larks is the

Hoopoe (Upupa epops), with long, thin, arched beak, a hind claw like theirs,

and an upright tuft of feathers on the head. Rather rai'e in England.

Insectivorous, migratory.

7. The Lyre Birds {Menura), fowl-like, with short, straight beak.

They are characterised especially by the peculiar, long, lyre-shaped taU of the

males. The innermost and the outermost rectiices are cui-ved outwards, the rest

are thinly furnished with long barbs, which possess no barbules : Australia.

Order 9. ClamatoreS {ShneUng birds).

Distinguislied from tlie Singing Birds in that the hind toe, and

especially its claw, is less powerful and that it cannot be moved by

itself. The singing muscles are not developed.

1. The Roller {Coracias garrula). Beak of medium length, compressed

in front, broad at the base, slightly arched at the tip. Gorgeous blue-green;

about the size of a Thrash; comparatively rare in England; nests in holes in

trees ; insectivorous and migratory.

2. Swifts {Cijpselidx). The mouth very large, extending back behind the

«ye ; beak short and weak ; broad at the base and flattened
;
imcommonly long

wings, very small feet. Insectivorous forms like Swallows. In England occurs

the Common Swift {Cypselus apus), in which all fom- toes are directed

forwards ; the dish-like nest is formed in holes in walls, etc., and is built of

straws and feathers, which are bound together by saliva. The S^vifts are repre-

sented in the Alps and on Mediterranean coasts by the very similar, somewhat

larger, Alpine Swift (Cypselus melba), with, white a.hAomen : it occasionally

visits England. The Salanganes (Collocalia), with normal feet, but in

other respects like the foregoing species, live in the East Indies, and constract

their nests of saliva (edible birds-nests). To an allied family belongs the

Nightjar {Caprimulgus eriroprtnis), which is large, brown, and coloured like

an Owl; feather bristles at the base of the beak; nocturnal ; the eggs are laid

on the bare ground. A summer visitant to Britain.

3. Humming Birds {Trochilidn'). The beak is long, thin, and tubular

;

the tongue is deeply cleft and can be greatly protruded. The wings are long

:
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the feet short. Gorgeously colom-ed, especially the males ;
often, too, some of

the feathers are of a peculiai- structure. Insectivorous. To this family, which

is only met with in the warmer parts of America, belong the smallest of all

Birds.

4. The Kingfishers {Alcedinidw) have a straight, strong, angular beak
;

external and middle fore toes united up to the second joint, the

middle internal ones to the first pedes gressorii. Brightly coloured
;
mostly

natives of warm countries. In England the long-beaked Kingfisher {Alcedo

ispida), which lives upon Pisces and is often very destructive of the fry. The

same type of foot is found in the Bee-eater {Mero^js apiaster), with long,

very-pointed, slightly-arched beak ; winters in South Africa, migrating into

South Europe in the summer, and occasionally flying into England. In the

Rhinoceros Birds (Bucerotidiv) too, the fore toes are connected at their

roots
;
they are further distinguished by their very long, thick, somewhat-curved

beak, which usually bears a large process at the root. Africa and East Indies.

5. Pigeons (Golumhidx), characterised by the fact that the ratner short

beak has a horny covering only at the tip, being soft at the base. The Ring-
dove {Colmnba palumbus), the Stock Dove (C. oe.nas), which nests in high

trees, and the Turtle Dove {Turtur auritus)* occur in England, the last as

a seasonal visitor. The Rock Pigeon (C. livia), on the coasts of the

Mediterranean, in England, etc., is the ancestor of the mimerous races of tame
Pigeons. The Migratory Pigeon {C. migratoria), of North America,

wanders in immense flocks throtigh large districts in search of food. Numerous
other Pigeons occur in various parts of the world. An aberrant form is

Didunculus strigirostris of the Samoan Isles, distinguished by its short,

strong beak, hooked at the tip, and by the presence of two dentiform processes

on each side of the lower jaw. The extinct Dodo (Didus ineptus) was about

the size of a Swan, very clumsy, with strong legs and strong beak ; on
-accoimt of the very small size of the wings it was unable to fly (sternal keel

absent) ; the tail, too, was very degenerate. It lived in the Maui-itius, and was
extinct by the close of the seventeenth centiu-y.

Order 10. ScanSOreS {Climhing Birds).

Distinguished from tlae Glamatores in tliat tlie fourth toe is turned

back, so that they possess two fore and two hind toes (pedes

-scansorii)

.

1. Cuckoos (Cumdidx) have a beak of medium length and somewhat
liooked

; the fourth toe can be turned to the side. Here belongs the Common
Cuckoo {C'uciilus canorus), an insectivorous, migratory form, which lays its

eggs in the nests of other Birds (Oscines) in order that they may do the
brooding.

2. "Woodpeckers (Picidx) have a very strong, straight, angular beak,
compressed at the tip and keel-like ; the tongue, which can be stretched out a
veiy long way, is provided at the edges with delicate b ickwardly-directed
processes ; the tail feathers are very stifl:, and support the bird in climbing. They
are Forest-birds, feeding upon wood-boring larvte and other Insects, but also
upon seeds; they breed in holes in trees, which they chisel out for themselves;
they are residents," or wander about in a limited locality. In England are
found the GreatBlackWoodpecker (Picus martius), the Green AVo o d -

* The Collar d or Barbary Dove (T. risorius), which is often kept tame,
lives wild in Asia and Africa.

H H
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pecker (P. viridis)
; and the Spotted Woodpeckers, the Large (P.

m(yoj-), the Medium (P. iwerfms), and the Small (P. minor). The Three-toed
Woodpecker (P. tridactyhis), in which the inner hind toe (hallux) is lost,
occurs in the Alps. The Wryneck {lynx torquilla), is a near aUy; beak
conical, not keel-like

;
the tail feathers are not stiff enough to act as a support

;

migratory, visiting England in the spring.

3. Parrots (Psittacidw) have an uncommonly short, thick, much arched
beak, overhanging a short mandible ; the beak is freely movable ; the tongue,
thick and soft. They are brightly-coloured (green, red, etc.) and plant-eating

i

they are found in the Tropics. They may be divided into several groups : (1)
Cockatoos (Flictolophinie), of Asia and Australia, with an upright tuft of
feathers on the head, often brightly-coloured plumage; (2) Parrakeets
(Sittacinx), with long tails; (3) True Parrots {Fsittacinx), with short tails,
and without the crest of feathers on the head; (4) Lories {Trichoglossina;), of
Australia, the tip of the tongue is brush-like in consequence of numerous long,
filiform, homy papiUa;

; (5) Stringopinw, owl-like Pan-ots, of which there is only a
single genus in New Zealand {Stringops hahroptihts) . The last are nocturnal,
with soft, dark greenish plumage, living by day in holes in the ground, where
also they nest

; they fly very little, or not at all (the sternal keel is reduced)-
and for the most part move about on the ground.

4 Toucans {Bhamphastidse) have a very largCj thick, somewhat curved
beak, which is often notched at its edges, and which is almost as long as the
whole body ; the tongue is narrow, horny, and frayed out at its margin. They
are South American forms, of medium size, and with gorgeous colom-ing.

Class 6. Mammalia.

As regards external configuration^ tlie Mammalia are usuallj

characterised by the possession of a very pronounced neck, varying

considerably in length ; of a much reduced tail, with no locomotor

significance, and of little use ; of limbs, so well-developed, on the

other hand, that the body is raised some distance off the ground : the

elbows are turned backwards; the knees, fingers, and toes forwards-

In many cases the animal does not rest upon the whole foot, but only

on the toes, or even their tips, whilst the rest is raised, and contributes

to the lengthening of the limb.'^ Within the class, besides the

ordinary walking type, various others are specialised, such as

springing, flying, swimming forms (c/., Eeptilia). "When the bod}' is.

adapted to a peculiar mode of life, the outer form may be very

aberrant. This is especially noticeable in certain aquatic Mammalia
(Whales), where the neck is reduced to a minimum ; the limbs are

very degenerate, whilst the tail attains enormous proportions, so that

the appearance is in the highest degree piscine.

The skin consists of the usual layers (dermis, and epidermis with

stratum cOrneum and stratum mucosum or Malpighii); on the surface

of the dermis there are papilla extending into the Malpighian

layer. Pigment may be present in the epidermis (in both layers), and

* The limbs are longest, and the svu-faces touching the gi-ound smallest in the

swiftest animals (Ungulata)
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Tlie stratum corneum is not slied all at once, butalso in the dermis,

in minute portions.

As a rule the greater part of the skin is covered with hair, a

very characteristic feature, absent in very few cases. The hairs

consist almost entirely of cornified cells, and each is inserted in an

invagination of the skin, the hair follicle. At the base of

each follicle there is a small hair papilla, covered by an out-

growth of the stratum mucosum, by the cornification of which the

overlying hair is formed. The rest of the hair follicle is covered

by outgrowths of the mucous and horny layers of the ordinary

epidermis, the outer and inner r o o t - s h e a t h s ; the latter

is continued below into the hair,

the former into the stratum mucosum
of the papilla ; the hairs ai-e nothing,

then, but well-defined, enormously-

developed portions of the stratum

corneum. In many of the thicker

hairs there is an inner medulla of

loosely-packed cells, surrounded by
the harder cortex

j
externally there

is a layer of thin, flattened cells,

the epidermis; many, especially

thin, hairs consist simply of cortex

and epidermis. In many Mammals
two kinds may be distinguished,

contour hairs and woolly
hairs; the latter finer and covered

by the others. Peculiar long stiff

hairs^-" or '^whiskers"
are often

"tactile

{vibrissas)

Fig. 3(9. Longitudinal section of
a hair, and the connected hair
follicle; diagi-ammatic. a outer
root sheath, b connective tissue, c
stratum corneum, li hair, i inner root
sheath, r stratum Malpighii, p hair
papilla.—Orig.

inserted on
certain regions of the head, es-

pecially on the upper lip; they are

well-developed and regularly ar-

ranged
; their follicles lie in a blood

space, which is in communication
with blood vessels. Other peculiar

stiff hairs, the eyelashes, are

often present along the edges of the
the hairs attain immense proportions, "such as the spines of the
Hedgehog and Porcupine. The hairs are, for the most part, obliquely
implanted m the skin, and are regularly arranged, usually in small
groups or tufts. S m o o t h m u s cl e f i b r e s are attached to the
base of the follicle, they arise from the dermis, and by their
contraction the hair can be erected. Nerves also run to the hairs
(or more correctly to the hair follicles), especially to the whiskers '

mentioned above, which are true tactile organs.

H H 2

eyelids. Sometimes certain of
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Like the featliers of Birds, hairs are shed at regular intervals
and replaced by new ones ; each is detached from the papilla,

and a new one arises from the base of the follicle. In some
Mammalia (Man and the Apes) this moulting goes on
gradually throughout tlie whole year, now one hair, now anothei-

being thrown off and replaced by a new one. In others, however,
it is confined to a short period recurring annually ; and usually, foi-

northern forms, in the spring,* when a total ecdysis takes place, both
wool and hair being thrown off. Simultaneously new hairs arise, and
the tips of the avooI hairs bud out, but complete their development
later in the year. In some animals which are dark in summer, white
in winter, there is a colour changet of the summer coat in

late autumn, -in the AljDine Hares, for instance. In others, in which
the summer and winter coats are different, a change of hair occurs in

the autumn, as well as in the spring, e.g., in Stags.

In many Mammals some portion of the body is coA^ered by scales or plates

like those of the Reptiles (Manis, Dasypus, tails of Mice). Sometimes, e.g., in

Dasypus, the dermal part of each scale contains an ossification; and
besides this there are in several Mammalia, smaller or larger independent

ossifications in the dermis.

Small glands in connection with the skin are usually distributed over

almost the whole surface ; two principal kinds may be distinguished,

sebaceous and sudoriparous. The sebaceous glands are

small and racemose, and usually open into the hair follicles
;
rarely

directly on to the surface
;
they are therefore generally absent from

hairless tracts, they secrete a fatty substance. The sudoriparous
glands are simple and tubular, with the lower portion, usually

lying in the loose layer below the skin, coiled into a knot. They also

often discharge their secretion into the hair follicles, but closer to

the surface than the sebaceous glands
;
many open quite independently,

in great numbers, for instance, in certain naked tracks. Like the

sebaceous glands, too, they occur on various regions, in various

numbers, and are of various sizes. Most of them secrete sweat; the

secretion may, however, be more fatty; for instance, the Avax-glands

of the ear are peculiar SAveat-glands.

The mammary glands, common to all Mammalia, are

peculiarly modified sudoriparous glands. Those of the Mono-
tremes are of the most primitive type; here, there is, on either

side of the abdomen, a small hairy pit into which a number of large

branched sudoriparous glands open
;
they secrete milk. In other

Mammalia they open upon somewhat projecting papillfe, the

mammillffl, or nipples, usually several upon each (about twenty in

Man, five to eight in the Dog, two in the Horse), seldom there is only

* But a change of some hairs may also occur at other times,

t C/., change of colovu- in feathers, p. 434.
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one (Ruminants) . The glands or mammEe, which vary in number (one

to seven^ most in those animals which prodiice many young ones at a

time) J lie in two rows on the ventral aspect of the body. They are

of considerable size and much branched; the terminations are

vesicular, and for this reason the glands were formerly regarded as

sebaceous
;
comparison with those of Monotremes demonstrates^ how-

everj that they are really sudoriparous. During gestation the mammary
glands increase in size and complexity, and are functional for some

time after parturition. Milk is a watery liquid in which are suspended

numerous oil globules; these impart its white appearance. At the

close of lactation the glands become simpler again
;
they are usually

rudimentary in the males.

Specially modified skin glands, isolated or iu patches occur more rarely, but

still fairly frequently. As a rule the skin is invaginated to form a pit, covered

witli liau's, and in this region the glands are specially prominent : such are the

interdigital glands of Sheep and other Ruminants ; the so-called lachiymal pits

in front of the eyes of the Red Deer; the perinseal pouches opening, in the Dog
and other Carnivora, at the sides of the anus ; the musk sac in the Musk deer, etc.

In other cases the highly-developed skin glands open freely on to the surface ; a

very lai-ge one opens on the back of the Peccaiy ; in certain Shrews there is a

region of the skin with numerous specially modified glands, etc.

On the lower side of the foot there is usually a naked elastic tract

of skiuj the sole, covered by a thick but soft stratum corneum, and

provided with numerous SAveat glands. In some cases it extends over

the whole ventral surface, or it is limited to certain regions, namely,

to the toes.

Like Reptiles and Birds, Mammals have cap-shaped claws at the

tips of the digits, and here also they are differentiated into two parts.

A B C

Fig. 380. A Claw
of a Mammal (removed
from the subjacent skin)

,

B Nail of a monkey, C
hoof

; diagrammatic, s

sole (of the claw) ; the
rest, wall.

a harder dorsal (and lateral) wall, and a ventral horny sole,
consisting of looser horn; the base of the claw is oblique, so that

the sole is shorter than the wall; the latter forms a horny plate,

arched longitudinally and transversely, whilst the former is flattened
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or concave below. The wall is usually covered at the base by a

fold of skin. The nails of Monkeys differ from most claws in

that the sole is very short and consists of very soft horn (this may also

be tlie case in many true claws), and that the wall is but slightly

curved, either longitudinally or transversely ; in Man the, sole has

practically vanished, merely an insignificant remnant of it lies below the

edge of the wall, and the ''nail" is the wall only. The modifica-

tions termed hoofs, are peculiar in that they are short with blunt

ends, and the thick wall is convex transversely, but not longitudiually

(or very slightly) ; and in that the horny sole is thick and hard,

and the fold of skin at the base very poorly developed. The

peculiarity of the hoof is coi*related with its function of supporting

the animal when walking, whilst in other forms the sole of the

foot serves this purpose, and the claws are used for climbing,

digging, etc., and in this connection, among other points, a solid

attachment by means of a deep fold of skin appears of special

importance.

In most Ungulata (excepting the Tapir and the Rhinoceros) there is an

intimate connection between the hoof and the sole of the foot, which is usually

Fig. 381. Longitudinal

section of the tip of a Mam-
malian digit. Malpighian

layer dark, a and b see p.

471, ba ball of the foot mth
sweat glands, g last phalanx

of the digit, g' nest phalanx

(not completely drawn), h

cavity of the joint, p and t

wall, s sole, fb sesamoid bone.

w fold of skin at the base of

the claw.—Orig.

very small here, and confined to the distal portion of the toes. In the Horse

(Fig. 382 D) the hoof is, so to speak, arched round the veiy small sole of

the foot (the " frog "), so that the latter lies at the back of the hoof
;

relations

Fig. 382. Tip of toes seen from below : A Monkey. B a clawed animal, C Ehinoceros,

D Horse, E Elk ;
diagrammatic, b sole of tlie foot, n edge of waU, s horny sole.—Orig.
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somewhat similar obtain in the Pig, where, however, the sole of the foot reaches

fai-ther back than in the Horse. Ruminants (Fig. 382 E) display an advance

on the Pig, since the true sole reaches far foi-wards, and the homy sole is largely

suppressed, and only represented by a naiTOW rim along the lower edge of the

homy wall: fm-tlier, the most anterior portion of the true sole in many
Ruminants (Red-deer, Oxen, etc.) has attained greater firmness than in others,

becoming like the horny sole, whilst in others {e.g., the Roe and the Elk) it is as

soft as usual.

As in the Crocodiles, Chelonians, and Birds, growth of the claws is the result

of the formation of a new thin stratiun corneum over the whole svu-face of the

subjacent Malpighian layer ; thus the cap-shaped claw is piished forwards (just

as in the gi-owth of the horns of Ruminants, see below). In Mammals
(and Lizards), on the other hand, a large portion of the subjacent Malpighian

layer is sterile (Fig. 381 a—b), i.e., is not concerned in strengthening the wall

which is formed at the proximal margin of the layer (left of a), and pushed over

stei-ile part; at the tip (right of h) a formation of horny substance {t) again

occtu's. The homy wall, therefore, increases in thickness from the base up to a,

retains the same thiclmess up to b, thence increasing in thickness again, except

in so far as it is prevented by wear.* The horny sole, on the other hand, becomes
continuously thicker from the base to the tip.

The horn of the Rhinoceros is an enormous local thickening of the stratum

•corneirm ; into it extends a papilla from the dermis, covered of course with the

stratum Malpighii. The horns of Ruminants are of quite a different structm-e
;

each is to be regarded as a large, naked projection of skin, which is internally

ossified, and covered superficially with a firm, thick layer of hom ; the structure

therefore consists of a bony mass within, the core, fused to the frontal bone

;

outside this, there is a layer of connective tissue and of the stratmn Malpighii, and
externally, the stratum comeum, which increases by new deposits from within,

and is thus pushed out distally ; the basal edges of the individual layers of hora
appear as rings on the sm-face. The antlers of the Stag are very like, but
they differ in having a comparatively thin layer of hom, and a covering of

hail- ("velvet"). In the Giraffe, where the antlers are of small size, the soft

parts persist round the core; in other animals, however, when they are fully

developed, the velvet shrivels over most of the siu-face and is rubbed off
;
only

the basal region, the pedicle, retains the integiunentary covering. The bare
bony mass, the true antler, is loosened annually fi'om the pedicle, and is tkrovm
off ; the adjacent skin then grows over the bare edges, and a new antler develops
at the same spot, covered at first with velvet. In the Giraffe, no shedding occurs.

The V e r t e b r se are usually biplanar, rarely opistliocoelous
;

they are connected by thick ligamentous discs of fibrous

connective tissue, which contain a remnant of the notochord, the
so-called nucleus pulposus, centrally. The vertebral column is

composed of the same sections as in Reptilia. There are almost
always seven cervical vertebr£e,t regardless of the length of the neck.
The first two of these are, as in the Reptilia, developed as atlas and
axis. Monotremes alone possess separate cervical ribs (on the

* In the transparent nail of Man, the bright basal portion (" lunula ") corresponds
to the portion a in Fig. 381 ; a bright line near the free edge corresponds with the
spot b.

t Exceptions
: the Manatee has only six, so has one of the Sloths {Choloepus

Hoffmani), whilst another of the same genus (Ch. clidactylus) has seven, and yet
another (genus Bra&ypus), nine.
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last six cervical vertebra)), and even here they are only separate in
early life, fusing later vs^ith the vertebra3

; the posterior ones are not,
as in Reptiles and Birds, longer than the anterior. In other Mammalia,
cervical ribs are, indeed, present, the so-called transverse processes of
the cervical vertebras ; but they are at no time separated from the
vertebra), so that their identity can only be recognised by comparison
with other forms. The thoracic vertebrae are more sharply
marked off from the cervicals than in Reptiles and Birds, since the
first bears a movable rib, articulating with the sternum. In the
lumbar region there are usually fairly large transverse processes.
There are, as a rule, twenty thoracic and lumbar vertebras (the
number may, however, sink to fourteen, or rise to thirty) ; the
thoracics are twelve or thirteen, but may rise to upwards of twenty
Of true sacral vertebrse, i.e., those to which the ilia are
attached ; there are, as in Reptiles, usually only two fused together in

the adult, but in most Mammals one or more of the anterior caudal

vertebras (the false sacral vertebrae) assist in forming the

sacrum. The caudal vertebras vary considerably in number

A B

Fig-. 383. Axis of a young Platypus
(Ornithorhynchus) from the left side (A),

and from behind (B). 1 centrum of the
first cervical vertebra, 2 do. of the second,

b arch, r rib, t' inferior spine. In B the

arches, centrum, and ribs are shaded in

different ways.—Orig.

the anterior ones usually have well-developed transverse processes, and
often bear V-shaped bones, like those of many Reptiles, on the

ventral side ; the posterior tail vertebras are always more or less

imperfectly developed, especially the last (arches and processes

degenerate).

The ribs always consist of an upper and a lower portion, of wJiich

the latter is usually cartilaginous or only partially ossified. In the

Monotremes, yet a third portion is intercalated {cf., the Crocodilia)

between these two. The majority of the ribs, the anterior so-called

true ribs, are attached to the sternum, whilst the posterior, or

so-called false ribs, are attached to one another and to the last

true rib, or terminate quite freely (floating ribs). The rib articulates

with the transverse process of the corresponding thoracic vertebra by

an external outgrowth, the tuberculum (generally absent from the

posterior ribs) ; and with the centrum by the capitulum, the true

dorsal end of the rib. The articular facet lies upon one centrum, or

between that centrum and the one in front of it. The true ribs, of

which the first is usually especially strong, become longer towards the
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sacrum; the false ribs, shorter. The sternum, which is almost

always long and narrow, consists at first of a cartilaginous mass, in

which a series of ossifications appears later; the latter usually remain

separate throughout life, so that the adult sternum retains a jointed

appearance ;
occasionally they fuse to a great

extent (as in Man) . The most anterior joint,

the manubrium, is generally somewhat

broader than the succeeding ones ; to this

the first pair of ribs are attached, whilst the

other true ribs are attached at the junctions

ot the other joints. The last joint, the

xiphisternum {processus xipJioides) , with which

no ribs are connected, usually ends in a broad

cartilaginous plate. Only in the Monotremes

is there an episternum corresponding

with that of Reptiles, as in many Lizards it

is here a large T-shaped bone.

The skull of the adult consists chiefly

of bone, and exhibits but little cartilage. Not

only the small premaxilla and the large

maxilla, but also the bones belonging to

the upper portion of the gill-bars, are fused

Avith the skull. Of these only the palatine,
which is attached anteriorly to the premaxilla,

and the somewhat small pterygoid are

present, whilst the quadrate has dis-

appeared (or at least in its usual form, see

below under the ear) ; the lower jaw, which

consists of a single bone on each side,

articulates directly with the skull. The two

rami are either united anteriorly by means
or (in the adult) are anchylosed (Horse,

There are two occipital condyles instead of one as

Reptiles and Birds. There is no interorbital septum as in many Reptiles,

etc, ; the cranial cavity extends forwards as far as the nasal
cavities. The latter are usually very well developed; they are

separated by a plate, at first cartilaginous, later partially replaced by
bone, which arises from the anterior wall of the skull, and projects

forwards. They are also at first surrounded laterally and dorsally by
outgrowths from the anterior region of the cartilaginous cranium, but

after a time these ossify, or are covered in by membrane bones, and

then dwindle away; those portions which surround the external nares

and the adjacent regions persist, however, throughout life. In the adult

the nares are surrounded by various bones, laterally chiefly by
the maxillae, dorsally by the well-developed, flattened nasals,
which touch in the median line; vent rally by the palate

Fig. 384. Sternum and
clavicle of a Kangaroo, cl

clavicle, in manubrium, r

ribs (cut oif), a; xiphisternum,

its cartilaginous terminal

plate.—Orig.

of connective tissue,

Man, and others)

.

in
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B G

Fig. 385. Skull of a Dog. A sawn tlirough longitadinally, B dorsal, C ventral.

The cartilaginous parts are removed. AS lateral parts (wings) of the sphenoid, BO basi-

occipital, BS basisphenoid, CE cribriform plate, ET ethmo-turbinal, ExO exoccipital, Fr

frontal, IP interparietal, L lachrymal. Ma jugal, ME bony portion of the nasal septum

(connected behind with the cribriform plate), Mt maxillo-tm-binal, Mx maxiUa, Na nasal, OS
orbitosphenoid. Pa parietal. Per petrosal, PI palatine, PMx premaxilla, PS presphenoid, Pt

pterygoid, SO supraoccipital, Sq squamosal, Ty tympanic bulla, Vo vomer, ch, eh, sh

joints of the anterior comua of the hyoid, hh body of the hyoid, fh posterior cornua, an

external nares, ap and apf canalis incisivus, cd articular facets of the mandible, earn external

auditory meatus, fin foramen magnum, gf articular facet on tlie skull for the lower jaw, or

occipital facets, s symphysis of tlie mandible.—After Flower.
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(liard palate), wliicli is formed of liorizoiital mediauly apposed

portions of the premaxillae, maxillge and palatines.* Behind, in the

septum between the cranium and the nasal cavities, which was originally

cartilaginous, there is a bone with numerous fine perforations for the

olfactory nerves, the cribriform plate. From the front side of

this thin, folded, bony lamellte arise, covered by a thin membrane

and projecting far into the nasal cavity
;
they are known as the ethnio-

turbinal. Farther forward on the outer wall, there is a bone composed

of a varying number of delicate bone lamellae, the maxillu-

turbinal, so that the greater part of the cavity is filled up.

There are larger or smaller air spaces (Fig. 386) in certain bones oF the

head in connection with the nasal cavities of the Mammalia; especially

in the maxilla (maxillary sinus) and in the frontal (frontal

sinus); sometimes (in the Ox, Elephant, etc.) these sinuses are

Fig. 386. Skull of an old Pig, sawii through longitudinally, in order to show the large

a r sinuses, h cranial cavity, I V I" air sinuses partially {I' the frontal sinus) divided

hy bony plates, s bony nasal septum.—After Bendz.

of considerable size, extend into other bones, and are divided by

incomplete septa into a number of small' cavities. Amongst other

characteristics of the skull it may be mentioned here, that a bony
bridge, the zygomatic arch,t runs from the articulation of the mandible

to the maxillse; it is formed by a process of the squamous {see below),

of the jugal, and sometimes a process of the maxilla (c/., the similar

bony bridge in Reptiles and Birds which is formed of the quadrato-

jugal and jugal) . The h y o i d consists of an unpaired body and

two horns on each side. The anterior horn, which corresponds

to the hyoid of Fish, is usually the longer, and consists of three

movable joints; it is attached by its upper end to the skull (prootic).

* The palate is peiiorated in front at the junction of premaxillffi and uiaxiUfe by
two openings (canales incisivi), through which the Stensen's ducts, mentioned on
p. 33a, pass.

t In some Mammals there is a process near the middle of the jugal which meets
a similar one from the frontal and forms with this a bony bridge behind the eye.
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The posterior liorii, wbicli corresponds to the first gill bar, is short
and unseginented.

The foramen magnum is sim-ounded by fom- bones, the supra- basi- and
two e X - o c c i p i t a 1 s ; the latter bear the condyles, which may, however, extend
on to the basi-occipital. In front of this bone lies the b a s i s p h e n o i d, in front
of this again, the presphenoid, both developed in the ventral region of the
cartilaginous cranium, and both provided with wing-Hke lateral processes (ali-
and orbito-sphenoids) which assist in forming the cranial boundaries;
in front of the sphenoids lies the cribriform plate. The periotic
(petrosal) within which the auditory organ is situated, lies in front of the
ex-occipital: the squamous, from which the jugal arises, is attached
externally to this; and the tympanic, a circular bone over which the
tympanum is stretched, lies upon it: in many Mammalia these three bones
fuse at a very early period, and are termed together the temporal. A single
or pau-ed bone, the interparietal, lies above the supraoccipital, and in many
cases {e.g., Man) fuses with it even in embryonic life. The parietals lie in
front of the interparietal, and anterior to these again are the f rentals,
overlapping the lachrymals, upon which the lachrymal duct opens in front
of the orbit on either side. The posterior region of the nasal septum is ossified,

and forms a plate, the lamina perpendicularis, perpendicular to and fused with
the cribriform plate, whilst the anterior portion remains cartilaginous ; the lower
part is formed by an unpaired compressed bone in the form of a trough, the

vom e 1-, (difficult to homologise with the bone so-called in the lower Vertebrata).

The pre- and post-frontals, the quadratojugal, the transverse bone, and the

columella, besides the quadi-ate, all well-known in reptilian skulls, have dis-

appeared. In general, the bones of the mammalian skull are only sepai-ate

dm-ing youth, in later life they fuse entirely or to a great extent.

The great diversity of external form displayed by mammalian skulls is

directly dependent on the varying development of the organs within and upon it.

In this connection, the brain is of gi-eat significance ; with a gi-eat development

of this, as compared with the other organs of the head, the posterior region

of the skull preponderates over the anterior (face poi"tion) ; this is the case, for

instance, in Man. The heterogeneity of the teeth has also considerable

influence upon the form of the skull ; theh great development leads to a

corresponding hypertrophy of the bones in which they are implanted, and also

of the parts ujaon which the masticatory muscles are insei-ted. The development

of the organs of the nasal ca^dty, and also the varying size of the eye, are of great

imi)oi-tance, whilst the presence of horns or antlers brings about an increased

development of that part of the skiill to which they are attached. In large

skulls of large animals with large teeth, horns, etc., the air-sinuses often

occupy a considerable space : the large bony masses uecessaiy to support these

pai-ts, or to afford attachment for the muscles, ai-e hollowed oiit, a j)oint of very

great importance to the animal {e.g., Horse, Ox, Elephant). It may also Ije

mentioned here that the skull of the young animal often diffei-s considerably

in external form from that of the adult: the brain is proportionately larger;

the teeth and masticatory muscles feebler; the face portion therefore small;

the air sinuses little developed; the projections from which the masticatoiy

muscles arise, small or absent, etc. The skull of smaller (adult) Mammals beai-s

in many respects the same relation to the skulls of larger allied forms that the

young one does to the adult of the same species ; the cranial portion is larger, the

muscular ridges smaller.

The shoulder girdle of the Monotremes is similar to

that of the Reptilia; both scapula and coracoid are Avell

developed; the latter is broad and flattened, divided into anterior
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and posterior portions, and attached by its anterior end to tlie

sternum; a clavicle also occurs, extending from the edge of the

scapula to the episternum^ just as in Eeptiles. In all other

Mammalia, however, there is a considerable modification; the

c o r a c o i d* has become rudimentary, and does not reach the

sternum : it fuses early in 'life with the scapula, and is represented

only by a projection from the ventral end of this, the coracoid
process. The scapula is usually a broad plate, the upper part

of which generally remains cartilaginous ; it is provided on its outer

Fig-. 387. Fig. 388.

Fig-. 387. Right half of ilie shoulder girdle of a young Platypus, cl

clavicle, co' anterior, co posterior portion of the coracoid, I glenoid cavity, sc scapula.—

•

Orig.

Fig. 388. Eight half of the shoulder girdle of a young Ape: shoulder blade
much foreshortened. Ic spine of the scapula. Other letters as in the preceding figure.

—

Orig.

surface with an erect longitudinal '^^spihe " with a ventral pro-

jection, the acromion, to which the outer end of the clavicle
is attached ; whilst its inner end is connected with the manubrium.

In many Mammals, the clavicle is wanting {e.g., in all the Ungulata),

or is rudimentary (Dog), and in these cases the shoulder girdle

has no direct connection with the axial skeleton ; in others, e.;/.,

in digging, climbing, and flying forms, the clavicle is a strong rod-

like bone.

The skeleton of the fore limb consists of the usual parts. The
bones of the forearm are usually either about equal in size, or the

radius is stronger, at least, at its lower end, yhilst the lower poi-tion

of the ulna is often rudimentary, though its upper end, which bears

the projecting olecranon, is usually well developed. The two bones
often cross, since the radius is articulated above to the outer, the

ulna to the inner side of the humerus, whilst below^ the radius is

connected with the inner, the ulna with the outer portion of the

carpus : in other cases, however, the distal end of the ulna is pressed

right behind the radius, so that no true crossing occurs. The two

* In young animals, the coracoid is lepresented by t^vo separate ossifications, -which
fuse later with the scapula (c/., Fig. 388.)
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bones are either movable,* or are immovably bound tocretlier ; in the
latter case they often fuse with increasing age. The carpus
consists of two transverse rows of bones ; in the proximal row there
are usually three bones, in the distal, four, the two outer bones of the
typical five (fourth and fifth distal carpals) being fused.f At the
outer edge there is a rather large sesamoid bone, the pisiform. Of
the five digits, the pollex (first) has two phalanges, the others each
three

;
ouly in certain, much modified forms (Whales), is the number

increased. In certain Mammalia the pollex is more freely movable
than the other fingers, so that the hand is a prehensile organ ; where
it has not this function it is usually reduced, or altogether absent.
Other fingers also may dwindle or vanish, particularly if the limbs are
specially adapted for walking or running (Ungulata) : with the
decrease in number, there is an increase in poAver on the part of the
remainder; in such cases a fusion of metacarpals may occur. The
structure of the fore limb shows great variety in correlation with
the varied function (digging, climbing, flying). {See also the
special descrijDtions)

.

The p e 1 V i s is peculiar in that the ilia are directed backwards;
the point of attachment to the sacral vertebrae lies towards its anterior,

Fig. 389. Fig. 390.

Fig. 389. Left half of the pelvis of a young Oniithorynchus. I acetabulum, il ilium.

is ischium, p pubis, x point at which the ischium and pubis unite behind, m marsupial
bone.—Orig.

Fig. 390. Left half of the pelvis of a new born Calf, oc point at which ischium and
pubis unite with one another below ; the other letters as in the preceding figure.—Orig.

* The lower end of the radius, with the hand (which is only connnected at a

definite spot with the ulna, elsewhere with the radius), can then swing oiitwai-ds ; this

is especially the case in Man.

t The cari^als of Mammalia are usually distinguished hy the following names : the

proximals from within oixtwards, scaphoid, lunar, and c n e i f o r m ; in tlie

distal row, trapezium, trapezoid, magniim, and unciform. In some
cases (15y reduction of llie ntimber of metacarpals), some of tliese bones may be
absent ; or fusions may occur. Occasionally a cent rale is developed between the

rows. ; 1
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the acetabulum at tlie posterior end (whilst in Reptilia tlie ilium

is directed forwards or antero-ventrally) . The ischia and pubes of

each side fuse, and the pubes also anchylose in the mid line ; as.

may also the ischia
;
occasionally there is no connection between the

two halves of the pelvis {e.g., certain Insectivora) . In the adult all

three bones of each side are completely fused*

In the Monotremes and the Marsupials, attached to the antei-iov edge of the

pubis, is a pair of forwardly-directed bones, the so-called marsupial bones;,

they may be regarded as ossifications in the tendons of the abdominal muscles.

Hind limbs. The tibia is always stronger than the

fibula, which is often very thin, or indeed imperfect at its lower

end, where it is usually fused with the tibia.

A large patella lies over the knee-joint,

anteriorly. There are only two bones in the

proximal row of the tarsus; the astra-
galus within, and the calcaneum, with

the much projecting heel, postero-externally.

Movement occurs between the lower end of

the fore-leg and the astragalus (or sometimes

the calcaneum), whilst movement between

the tarsals themselves is usually much limited

(c/., the very different conditions in Reptiles

aud Birds), In the distal row there are four
bones,t as in the hand ; between the two

rows on the inner side there is a c e n t r a 1 e

{naviculare) . Metatarsus and toes as regards

the number of phalanges, etc., agree with

the metacarpus and fingers ; and with regard

to special develoiDments, such as reduction

in the number of toes, the relations are

usually similar. Sometimes, however, the

hand is modified differently from the foot

{e.g., in leaping or digging animals).

Other sesamoid bones are found besides

these ah'eady mentioned (pisiform, patella), namely,

below the joints between each metacarpal and the Fig. 391. Tibia of a one

first phalanx (also between each metatarsal and the year old Horse to show the

fii-sb phalanx of each toe), there are two small bones ;

epiphyses e and e'.—Ovig.

and below the joint, between the last and "the j)en-

iiltimate phalanx of the finger and toe, one sesamoid bone ; other smaller ones

may also occur, but less frequently.

* The two halves may be anchylosed in the mid-ventral line, and the ilia may also
fuse with the sacral vertebras. In some forms {eg., certain Edentata), the ischia may
be fused with the posterior false sacral vertebra3.

t Cimeiforms 1, 2, and 3, and the cuboid, the latter consisting of distal tarsals,
4 and 5.
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A general characteristic of the mammalian skeleton consists in the occun-ence
of special ossifications for the end portions of many bones, especially of lon^'

bones, and also of many processes, so that in young animals many bones consist
of several pieces, which fuse later. These special terminal ossifications are
termed epiphyses.

Tlae brain is characteristic in many respects. The cerebrum
is of considerable size; its surface is marked by deep labyrinthine

furrows, the sulci, separated from each other by ridges, the gyri

:

occasionally the surface is smooth, or almost smooth, as in tlie

Kodents. The hemispheres cover not only the thalamencephalon,

but usually the mid-brain also, and sometimes part of the cerebellum.

Peculiar to the Mammalia is the so-called corpus callosum, an

important system of transverse nerve fibres, which pass from one

hemisphere to the other ; these fibres are least developed in the

Monotrernes and Marsupials. The mid-brain is divided not only

by a longitudinal, but also by a transverse furrow, so that it forms

four dorsal lobes {corjjora quadrigemina) . The cerebellum is well

developed, its much thickened dorsal wall is divided into two median

and two lateral portions, and is transversely folded.

The size of the brain, as compared with that of the rest of the body, is closely

correlated with the intellectual level of the species imder consideration (see, for

instance, the enormous development in Man). There are, however, other cu'cum-

stances which are of great importance in this connection : noticeably it is a rule

that small Mammals have relatively larger brains than have their nearest

allies ; it may be said that, on the whole, the size of the brain vaiies inversely as

the bulk of the animal; the Elephant, for instance, in spite of its striking

intellectual qualities, has a relatively minute brain. It may also be noticed here

that the brain of young animals is relatively larger than that of the adult.

Olfactory organs. Prominent folds, the turbinals,

project into the nasal cavities, which are usually of considerable size.

The turbinals arise from the postero-external wall, developing as

large lamellEe, which become folded and coiled so as to form very

complex structures. They are supported at first by cartilage, which

becomes partly or entirely ossified, to form the maxillo- and the ethmo-

turbinals. The olfactory epithelium is situated in that part

of the mucous membrane which lines the region of the nasal cavity

nearest the cribriform plate; it is yellowish-bro^vn in colour. The rest

of the cavity has no olfactory significance; in addition to mucus-

secreting glands it has a rich vascular network which, according to

some authorities, serves to warm the air entering the lungs. The air

sacs of some of the skull bones mentioned above (p. 475-6) are out-

growths from the nasal cavity, and are lined with a continuation of

its mucous membrane.

Optic Organs. In contrast to other Yertebrata the upper
eyelid is larger and more movable than the lower. A nictitating

membrane is always present but less well developed than in Birds

ivnd Eeptiles^ and usually not provided Avith special muscles ; it slips
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over tlie outer surface of tlie eyeball when this is withdrawn into the

orbit and covers it partially or entirely. Sometimes {e.g., in Man) it

is rudimentary.

The sclei-otic consists of oonnective tissue witliont cartilage* or bone;

in some Mammalia, especially in the Whales, it is very tliick. In the choroid

coat there is frequently a peculiar greenish, bine, or whitish, shimmering

membrane varying somewhat in structure, the tapetum {e.g., in the Horse,

Ruminants, Carnivora). The form of the pupil varies, it is either circular

{e.g., in Man,), or a perpendicular (Oat, Fox), or horizontal slit (Horse,

Ruminants).

Auditory organ. The cochlea of Monotremes is

like that of Crocodiles and Birds ; in all other Mammalia, however,

it is much longer and is spirally coiled. As in Reptiles there is a

fenestra ovalis and a fenestra rotunda. The single ear-

Fig. 392. Diagrammatic trans-

verse section of the head of a Mammal,
to show the relations of the auditory

organ
;
(the labyrinth is drawn propor-

tionally much too large, etc.). a
ampulla, h semi-circular canal (only one

is represented) c cochlea ; sa sacculus,

u utriculus (together forming the vesti-

bule) ; round the labyrinth the cavum
perilymphaticum, black in the figure.

h bones of the skull, li malleus, am
incus, s stapes, t tympanic cavity, r

fenestra rotunda, e Eustachian tnhe,

tr tympanic membrane, g external

auditory meatus, o external ear. —
Orig. (with partial use of older

figures).

bone of Reptiles is broken into three, the malleus, which is connected

with the tympanum, the i n c u s, and the stapes, the terminal disc of

which closes the fenestra ovalis ;t in the Monotremes it consists of a

plate and a single shaft; which is usually broader and perforate in

other orders, so that the ossicle becomes like a stirrup. The presence

of an external meatus is characteristic of the Mammalia ; the

pit, at the base of which the tympanum is situated in Reptiles, has

become a long tube here ; the inner part is often ossified (a tubular

elongation of the tympanic bone), whilst the external portion is

supported by cartilages. The external auditory meatus is usually

surrounded by the pinna, a large fold of skin varying in form
and containing a considerable amount of elastic cartilage.

* In the Monotremes, the sclerotic is partly cartilaginous.

t According to another interpretation the malleus is homologotis with the quadi*ate
of Reptiles, whilst the incus is to be regarded as representing the outer portion of the
reptilian columella auris ; others again regard the incus as corresponding to the
quadi-ate, the malleus to the upper posterior bone of the mandible of Reptiles
{articulare).

I I
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The tympanic cavity which lies enclosed in the temporal bone, is often
of considerable size, so that the surrounding bony portions (especially the
tympanic bone) are swollen to form a vesicle {bulla)

; sometimes the tympanic cavity
is connected with air sinuses in the neighbouring bones (c/. Crocodilia and Aves).
The walls of the eustachian tubes are usually partly ossified; they open separately
into the pharynx. In the Horse and Tapir, each Eustachian canal has a veiy large
thin-walled, saccular extension.

The buccal cavity in young embryos, as in most Reptiles,

is undivided. Quite soon, however, a ledge develops laterally

and above, and unites with its fellow of the other side to form a

horizontal septum, the anterior end of which (covered, of course,

on both sides with mucous membrane) is the hard palate, whilst

the hinder portion remains soft, and forms the muscular soft
palate. The cavity above the hard palate unites with the nasal

cavities (the nasal septum growing down and becoming connected

with the hard palate) ; the cavity above the soft palate, which com-
municates freely at its front end with the nasal cavities, remains

single, and is termed the pharynx ; it includes also the posterior region

of the primitive buccal cavity. The eustachian canals open above, the

trachea below into the pharynx (Fig. 396). The buccal cavity lies

below both hard and soft palates and encloses the teeth, tongue, etc.

The teeth of Mammalia are chiefly remarkable in that their

number is small and fairly constant for a given species; that their

form is usually relatively complex ; that they are implanted in sockets

;

and especially that the mode of replacement is peculiar, for

the teeth are not, as in other Vertebrata, replaced continuously

throughout life, but only two series, the milk and the permanent

dentitions, are present, following each other in regular sequence.

It may be noticed further that the teeth are used not only ibr the

prehension of food, but also very largely for its mastication. In

addition to the two ordinary cotiiponents of teeth yet a third is

present, the cement, occurring chiefly at the root {see below).

It is simply a sheath of osseous matter deposited by the connective

tissue surrounding the tooth ; it lies external to the rest of the

tooth, and is formed last : it is not as hard as dentine.

Two parts may be distinguished in a mammalian tooth, the c r o av n

and the root. The root is the lower,"^ usually narrower part, and

is often split into several branches ; it is destitute of enamel,
but is covered with cement. The crown is the upper enamelled
portion, which generally projects quite freely, and is usually clearly

demarcated from the root ; for instance, by a constriction. Cement

does not occur in this region, excepting as an occasional layer, varying

in thickness, upon the surface of the enamel. The ci'own exhibits a

great diversity of form; it may be simply conical or chisel shaped.

* The free end of the tooth is termed the upper, the opposite the lower, end

;

although this terminology is actually correct only for the teeth of the lower jaw,
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it may be low and broad, provided witb rounded or pointed tubercles,

or it may be much compressed and serrate at the edge ; or again, it

may be traversed by marked transverse or longitudinal ridges

separated by valleys, which, may be so deep as to reach the base

of the crown {e.g., in the molar teeth of the Elephant) . Perpendicular

furrows may also occur on the sides of the teeth
;

usually the deeper

folds are partially or completely filled with cement (in the Horse and

Elephant). During use, the enamel, especially in plicate teeth, is very

frequently worn away at all the projecting points, and the subjacent

dentine is thus laid bare ; at the grinding surface, therefore, may be

seen islands of dentine surrounded by slightly elevated enamel

borders, and the latter are often again surrounded by cement

(especially in teeth of herbivorous animals). The crowns and roots of

many teeth are of almost equal length; sometimes one, sometimes the

other may, however, be the longer. The former especially the case with

much folded teeth, which are subjected to considerable wear and tear

;

in these the root (or roots) is often very short ; the crown, on the

contrary, is very long, but it projects from the jaw for only part of its

length, and gradually, as the free end is worn away, the tooth is pushed

out {e.g., in the molars of the Horse) . The crown has often begun to

wear down before the root is formed ; in other cases there is

actually no development of a root; as the crown is worn
away above, growth takes place below, and never ceases ; such teeth

are said to grow from persistent pulps (the incisors of Rodents, the

molars of many of the same group, the canines of the Boar, etc.).

The teeth are arranged in a single row along the edge of

premaxilla, maxilla, and mandible ; those of the premaxilla are

designated incisors, the anterior

teeth of the maxilla, next to these,

canines; the rest, molars;
in the lower jaw the teeth which

bite just in front of the upper

canines are known by that name
also ; those anterior, the incisors ;

those behind, the molars. In most

placental* Mammals the number of

teeth on each side of the jaw,t in

the second or permanent den-
tition, is not more than eleven,
three incisors {i^, i^, v"), one canine

(c), seven molars, of which the four

anterior are termed premolars

* The placental Mammals include all Mammalia excepting Monotremes and Mar-
supials (see p. 493).

t One premaxilla, and onQ maxiUa are regarded as half of the upper jaw.

I I 2

/J c

Fig. 393. Dentition of a Mole (com-
plete dental formula) ; the milk teeth are
drawn in outline above or below the cor-
responding permanent ones. third
incisor, c canine, p premolar, m molar.

—

After Ch. Tomes.
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{p^—y*) ; the three posterior, m o ] a r s (m^— J n the complete
first dentition, the milk dentition, which is present in the

young animal, but is lost after a time, there are eight teeth in

each half of the jaw ; three incisors {di^—dv^), one canine {dc),

and fonr molars {dp^—cZp'*), occupying the places in the jaw

which "will be filled afterwards by the corresponding permanent
incisors, canines, and premolars, whilst the true molars have
no predecessors. The number of teeth is, however, reduced in

many forms, and the reduction afPects not only inolars, but even

incisors and canines. Usually it is not diflBcult to determine, by
comparison, which are the missing teeth. In the molar series the

reduction usiially begins either at the anterior or the posterior end, so

Fig. 394. The teeth of a Pig sli owing the replacement, the jaws cut away,
i'— first to third incisors, c canine, — premolars, m'

—

m'^ molars, di- second

deciduous incisor, dp-—djy^ deciduous molars, (milk teeth shaded). Of the deciduous

teeth di', di^, dc have already fallen out ; dp' is wanting in the Pig.—Orig.

that if only six molars are ]iresent the absent tooth is either the

first premolar or the last molar j if only five are present

the missing teeth will be and p~, or m~ and m'^, or again,

p^ and m^. In some groups, the molars disappear first (in

the Seals) ; in others, the premolars {e.g., in the Rodents) ; in yet

others [e.g., the Cat), teeth are missing from both ends of the series.

The number of milk teeth may be similarly reduced ; if a tooth of the

permanent dentition is w^anting, as a rule the corresponding milk

tooth has also disappeared ; but there are several exceptions. Of

the typical deciduous molars, however, the first (dp^) is usually

absent, even when the corresponding permanent tooth (p^) is

present; occasionally other milk teeth nre wanting, although the

permanent ones are present; sometimes {e.g., in the Seals) they are

absorbed during embryonic life, or fall out at birth, and they are then

* i' is the most anterior (the innermost) incisor, p' the most anterior premolar, 7n'

the inost anterior molar, etc,
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very poorly developed, or even rudimentary. The molars are usually tlie

mosb complicated teeth, whilst the incisors and canines are simpler

;

the canines are generally conical, the incisors, for the most part,

chisel-shaped. The teeth of the milk dentition usually resemble those

of the permanent set ; but a given milk tooth is not always exactly

like that Avhich is to take its place : in the Carriivora, for instance,

each milk molar is very like the permanent molar, one place further

back in the series. In some placental Mammals, there may be

conditions very different from those just described, in that a larger
number of teeth may be present. This is especially the case in

forms which, in correlation with peculiar habits, have in some

respects, descended, so to speak, to a lower zoological grade ; for

instance, in the Toothed Whales, -whose mode of life closely resembles

that of Fish, the teeth are uniform, usually conical in shape (homodont),

and very numerous ; in animals, too, whose teeth are of subordinate

importance, there may be an increase in number accompanying a

degeneration in form and structure [e.g., in the Dasypodidee) . Where
there is so aberrant a condition of the permanent teeth, there

is frequently an entire absence of milk dentition. The permanent

dentition of the Marsupials differs from that of the Placentalia in

that it is composed of a larger number of teeth, and also, that the

milk dentition is represented by a single molar ; for details see this

group.

The following points may be added to the description of the mammalian
dentition just given. The enamel is frequently thinner in some parts of the

Fig. 395. Jllncisor of a Dog, shortly

after it has come into use ; B the same
tooth of an old Dog ;

longitudinal

section. In the young tooth the pulp
cavity is very large ; there is as yet no
cement (or very little) ; in the old tooth
the upper portion of the primitive pvilp

cavity is entirely filled with dentine, and
the rest is very narrow, the cement
abundant, the tip of the tooth woni
away, c cement, d dentine, i) pulp cavity,

s enamel.—Orig.

crown than in others ; or it may be absent from certain regions {e.g., from the
posterior side of the incisors of the Rodents) ; from almost the whole tooth (in the
incisors of Elephants, enamel occiu's only upon the tip of the tootli before it is

cut)
; or it may be completely wanting (as in many Whales). When the tooth is

cut and comes into use, it is not, as a rule, completely developed; the root
is frequently not yet fully foi-med; the dentine has not attained its gi-eatest

thickness
; the pulp-cavity is large, and decreases gradually as the bulk of the

dentine increases ; the cement at the root of the tooth also continues to be
deposited, and in very old animals, is often of considerable thickness ; whilst in
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young animals it is scarcely indicated ; tlie enamel (except in teeth growing fj-om

persistent pulps) appears to be completely developed only when the tooth comes
into use. Before falling out, the milk teeth are usually absorbed to a certain

extent in the lower portions by special cells lying in the surrounding connective

tissue.

The number of teeth will be indicated here according to the following plan

:

i ^ {= S incisors above, 2 below on each side), c ^ {= 1 canine above, 0 below),

m § (= 6 molars above, 5 below), or p7>i- ^ (= 3 premolars above, 3 below),

m f (= 3 molars above, 2 below). If the actual teeth present are to be expressed,

the following formula is used, the signs above the line indicating the teeth of

the upper jaw, those below, those of the lower jaw

:

i' i- c p- p' p'' m' m*

i* c p"* p'' m'

Some of the Mammalia are altogether edentulous, but w^here

this is the case with the adult {e.g., Whale-bone Whale) teeth may-

have been present in embryonic life ; or even in youth, such ai'e,

however, never cut
;
they are absorbed.

The presence of an upper and a lower lip is characteristic

of the Mammalia. These are large, muscular folds of skin covering

the edges of the jaws and continuous with each other laterally

;

p'ukhetvp z I

Fif,'. 396. Longitudinal Hoctiou through tho head and neck of a Dog, decreased.

b hyoid, e opening of eustachian canal into the pharynx, g brain (only suggested), h frontal

sinus hg hard palate, h epiglottis (lies above the edge of tho soft palate), I lyssa (c/. foot

note 'p 487)), m turbinals, p anterior, p' posterior edge of the pharynx, r spinal cord, s vocal

cords, sp oesophagus, t tonsil (see foot note, p. 487), tr trachea, v soft palate, e tongrue,

2 axis, 4 fourth cervical vertebra.- -Orig.
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they form the cheeks and are absent jnly in rare cases. In some

Mammalia {e.g., many Apes, Eodents) there are cheek pouches
which serve as reservoirs for food. The tongue is very muscular,

strong, and movable, and is thus veiy useful in bringing food into

the mouth; it is covered on its upper surface with small, pointed

processes {papilke filiformes) which are sometimes much cornified

(in the Cat) ; there is also a small number of various other processes

{p. fungiformes, circumvallatce, and foliatce), which bear taste buds."^

On the hard palate there is usually a double series of fairly hard

transverse folds, the palatal ridges, which often, e.g., in cattle,

project considerably ; or are almost or quite effaced (Man) ; for

the peculiar development of the palatine ridges in the Whale-bone

Whale, see Cetacea. Besides small glands embedded in the wall,

several large salivary glands open into the buccal cavity:

viz.. the parotid, submaxillary, and sublingual.

t

The pharynx is continued into the oesophagus which is

usually long and narrow. The stomach is generally a short,

wide, somewhat curved tube, provided, close to the entrance of the

oesophagus, with a short, blind sac which, however, passes quite

gradually into the general cavity. In some Mammalia the stomach

is compound, i.e., is divided by constrictions into several regions (in

certain Rodents, the Whales, Ruminants, etc.) : or it is characterised

by the possession of several short, blind sacs (in the pig) : or it differs

from the ordinary type in yet other ways, e.g., in being elongate

and intestine-like (Kangaroo). Usually it is entirely lined by a

cylindrical epithelium and its walls are furnished with numerous

glands (gastric and mucous) : sometimes, however, the epithelium

of the oesophagais, which is stratified like that of the mouth, reaches

some way into the stomach, and often it may extend over a very

considerable area, in the Horse about half : in most Ruminants the

rumen, reticulum, and psalterium are lined with stratified epithelium.

The small intestine is of considerable length, longest in

herbivorous forms. That portion of the alimentary canal which

is designated rectum in Vertebrates, is generally of considerable

length in the Mammalia, usually fairly wide also, and is known as the

* On each side of the ventral sm-face of the tongue, there is a fold wliich often
unites with that of the other side ; it is termed the " sub-lingxia/' and attains its

highest development in the Prosimii, where it forms a linguiform appendage of the
true tongue. In the anterior region of the tongue (Fig. 396) there is, close to the
lower side in many Mammalia, an elongate structure, the so-called worm {lyssa) ; it

is siu-rounded by loose connective tissue, and consists of muscular and connective
tissue ; sometimes it contains a cartilaginous portion, which apparently corresponds to
the anterior end of the hyoid of Lizards (Fig. 336). Behind, at the base of the tongue,
on each side, is the tonsil (tonsilla) (Fig. 396 t), a region of the mucous membrane
in which there are numerous lymi^h follicles. Such follicles are also embedded in
other portions of the mucous membrane of the moiith.

t The last, however, is not a single gland, but a group of small glands, each with
its duct.
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large intestine, the end portion alone being termed rectum.
A ctecum almost always arises from the large intestine at its

junction with the small intestine; in some animals, {e.g., the Horse),
it attains an enormous length, whilst in others [e.g., Man), it is

small, or even rudimentary.-'^ The liver, which is situated behind
the diaphragm, is usually, but not invariably, provided with a
gall bladder (ic is wanting in, e.g., the Horse), The pancreas
has generally one duct,t which opens into the anterior portion of the

small intestine, either together with, or independently of, the bile

duct. J

Respiratory Organs. The entrance to the larynx is a

longitudinal slit behind the tongue, anterior to the entrance into the

oesophagus. In front of the opening, there is a peculiar flap, the

epiglottis, which contains a large elastic cartilage ; under ordinary

conditions it is directed forwards, often reaching even up over

the edge of the soft palate (Fig. 396), but when food passes from the

mouth through the pharynx into the oesophagus, the epiglottis is let

down over the glottis. The walls of the larynx are supported by
large cartilages, viz., the cricoid behind, the large thyroid
below ; in front and above, the two arytenoids. The rest

of the trachea is usually strengthened for some distance

by cartilaginous rings ; it branches posteriorly into two large

bronchi, which branch again ; each lung, as already stated, is an

arboriform organ, of which both the larger and finer branches are

hollow. Only the peripheral branches, which have thin walls, and

are furnished with small dilations (alveoli) are respiratory ; in

other regions the tubes have thicker walls,

provided in the larger branches with

cartilaginous rings like those of the

trachea, or with small cartilaginous plates.

All the branches are held together by

connective tissue. The lungs, with the

heart, are situated in the anterior portion

of the body-cavity, the thorax, along

the dorsal wall of which the oesophagus

passes; whilst the rest of the alimentary

canal, with the kidneys and reproductive

organs, lies in the posterior portion, the

abdomen, A large septum, the dia-

phragm, divides the thorax from the abdomen; it is tendinous

Fig. 397. Small portion of a
Mammalian lung filled

with mercury, a finest.broncliial

tube, h respiratory portion of

the lung.—After Frey.

* lu Man and some other Mammalia, the C£BCum is continued into a thin narrow

appendage, the processus vermiformis.

t Occasionally the pancreas has two ducts, which either open both direct into the

gut, or one unites with the bile duct.

X The gi-eat omentum is a specially developed portion of the mesentery, depending

in many forms over the ventral side of the stomnch and the intestine.



Class 6. Mammalia. 489

centrally, elsewliere muscular : when the muscular portion contracts,

the diaphragm is flattened so as to enlarge the thorax, the very elastic

lungs are expanded, and consequently air rushes in : when the

diaphragm is relaxed, it is arched up into the thorax, the lungs are

compressed, and the air is partially expelled. The diaphragm is thus

an apparatus for effecting respiration. The muscles which

move the ribs are also of importance in this connection, since, when
the lower ends of the ribs are moved forwards, the thoracic cavity is

widened.

In many Mammals wliicli hibernate (Bats, Hedgehogs, Maimots, Hamsters,

Myoxus), and in some others (Mole, Shrew-mouse, Mouse, Rabbit), there is a

so-called hibernating gland, a lobed mass, reaching from the thorax to

the neck, over a portion of the back ; it is lai'gest in autumn, and decreases in

size dm-ing winter. The organ consists of connective tissue with numerous large

cells containing oil-globnles, and is to be regarded, like other fatty masses,

solely as a reserve of nomishment.

Vascular System. As in Crocodiles and Birds, both atrium
and ventricle ai'e completely divided, the left auricle receives

blood from the lungs, the right

from the rest of the body. The
pulmonary arteries (the

arterial arches of the fourth pair),

arise by a common stem from the

right ventricle. The arterial arches

of the first and second pairs

arise together by a common trunk,

the innominate artery, from
the left ventricle, and thus carry

simply arterial blood ; the right

arterial arch of the second pair

only gives off the artery for the

right limb ; the aorta (in contrast

to that of Birds) is formed by the

left arch of the same pair; the

first pair of arterial arches forms

the carotids as usual. Thus in

Mammalia we have, as in Aves, a

complete separation of arterial and
venous blood. A conus arteriosus

is absent.

y , , . 398. Heart and arterial arches
In the new-bom Mammal there is of MammaHa, diagrammatic. a ri^ht,

a large opening {fm-aynen ovale) in the «' lut't auricle, ao aorta, s and s' sub-

septum between the two auricles, which Flavian arteries, v riglit, v' left ventricles,

is, however, soon closed. In the same ^' ^' arches.-Orig.

way there is an open duct (the ductus
Botalli) between the second left ai-terial arch and the puhnonary artery
(the fourth ai-terial arch) ; after bii-th it degenerates to a solid cord.
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The kidneys are short, roundish organs, with a larjre cavity,
the pelvis uf tliu kidney, into the inner aide of which the urinary
tubules open ; several large papillaa project into the pelvis from the
substance of the kidney (consisting- of urinary tubules) surrounding
it; the pelvis*is continued into the ureter. A urinary bladder is

present ; for its opening and for that of the ureters, see the repro-
ductive organs.

In most Mamniiilia the surface of the kidney is smooth ; in others (e.g.. Cattle)
lobed, in others again (Bear, Seal, Whales, etc.), the kidney is branched, and
consists of numerous lobules, each of which is mounted upon a branch of the
proximal end of the ureter, whilst they are only held together by loose connective
tissue.

The ovaries are comparatively small, usually with a fiat or

somewhat lobed surface ; in a few Mammals only (Monotreme.s, the
Pig, etc.) the ovary, in consequence of the projecting Graafian
follicles, has a racemose appearance."^ The Graafian follicles as

described above, p. 351, differ from those

of other Vertebrata in that they are pro-

vided with a large number of follicle

cells, and contain a large cavity ; in

the Monotremes, however, just as in

the lower Vertebrates there is only one

layer of cells round the ovum, and

there is no cavity. Each oviduct in

the Mammalia in general is composed of

three regions ; an anterior, usually very

narrow, portion, the fallopian tube,
with a funnel opening into the abdominal

cavity; a median wider part, the uterus;

and a terminal section, the vagina;
in the Monotremes the division between

uterus and vagina is not demarcated,

and the oviducts open separately into

a saccular dilation of the ventral wall

of the cloaca, the urinogenital
sinus, into which the urinary bladder

of the two ureters also opens ; all five

apertures are close to its base. In the

Marsupials the cloaca is shortened,

so that it forms simply a shallow pit,

into which the rectum opens above, and the urinogenital sinus

below; the two vaginas open separately on the floor of the uriuo-

* When the ovum leaves the follicle the cavity is fiUed with very cellulai- connective

tissue, which in some Mammalia increases so much in size that the follicle becomes

many times as large as it was previously; as large indeed as the whole of the rest of

the ovary. Later it degenerates to form the corpus 1 u t e u m

.

Fig. 399. The terminal portions

of the gut, of the urinary and
generative apparatus in the

females of various Mammalia
viewed from the side, diagram-

ma.tic. A Monotreme, B Marsupial,

C other Mammalia, h bladder, cl

cloaca, e rectum, ii, uterus, itg urino-

genital duct, ul ureter, v vagina.

—

Orig.
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' genital sinus, which contains also the aperture of the urinary

bladder, whilst those of the ureters lie on the dorsal wall of

the bladder,* In the placental Mammals there is no cloaca

in the adult ; the urinogenital sinus (vestibule) and the

rectum open independently, either close together or separated

by a considerable interval. The posterior ends of the oviducts

are almost always united for a greater or less extent : either the

vaginae simply ; or the posterior portions, or even the whole length

of the uteri also : in the first case there are thus two entirely

separate uteri {uterus duplex), as in Rabbits; in the second, there

A B C D

i lea

"S

J
o o

Fig. 400. The Miillerian ducts and urinogenital sinus of various Mammalia. A of
a Marsupial, B uterus duplex, C bicornuate, D simplex, h opening of the
bladder into the front end of the urinogenital sinus, o external opening of the sinus,
t faUopian tube, tr funnel, u uterus, v vagina.—Orig.

is a bicornuate uterus {u. hicornis), as in the Horse; in the last, a
simple uterus {u. simplex), as in Man. The ureters and the

bladder are arranged as in the Marsupials.

At the jimction of the vagina and the vestibule there is in many Mammalia a
thin membranous septiun {hymen), perforated by a small pore, and broken
down at the first coitus. The vestibule varies very much in leng-th ; in some
forms it is veiy long (e.(/., in Hares), in others, very short, hardly apparent {e.g., in
Man). Veiy frequently, a clitoris, a rudimentary organ homologous with the
penis of the male, is present in the female ; it is usually a papilla, rarely elongate,
and lies on the ventral side of the external apertm-e of the urinogenital sinus.

Further, there may be rudiments of the mesonephros (epoophoron, for instance, in
man) and of its duct (Gartner's duct in the Ruminants).

Male Genitalia. In all Mammalian embryos the testes t lie

close to the dorsal wall of the abdomen, just as in Eeptiles and Birds,

* In some Marsupials the two oviducts arc separate throughout their length in
others, the vaginee are imited for a certain distance, but open separately into the lu-lno-
genital sinus.

t In many Mammalia, as in Aves (see p. 449), the testis diminishes in size after the
breeding season (Roebuck, Hedgehog, etc).
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and in some (Monotremes, Cetacea, Proboscidians, etc.), they retain
this position throughout life. In most species, however, at the close
of fcBtal life, or in early youth, each descends into an evagination of
the ventral abdominal wall

;
usually the two evaginations are united

externally to form a pouch-like appendage (scrotum), divided by a
septum into two compartments, each containing one of the testes

;

Fig. 401. Diagrammatic
longitadinal section of tlie

cloaca (or rectum) and the
copulatory organs, A
of a C r o c o d i 1 e , B of a
Monotreme, C—D of

various other Mammalia.
a anus, b urinary bladder,

cl cloaca, / corpus fibrosum,

h skin, i gut, r (in ^4) seminal
groove, in (B—D) seminal
tube, s vas deferens, u urino-

genital sinus (in C the de-

generated portion of the

sinus is dotted: «'), ur
lu'eter.—Orig.

whilst its cavity communicates with the abdomen by a duct varying

in width, which is often closed in the adult.* In the Monotremes
the vasa deferentia open, together with the ureters and urinary

bladder, into a deep, though narrow outgrowth of the ventral wall

* In some Mammalia (Insectivora, Eodentia) the testes only lie in the scrotum
during the breeding season (when they are much enla^ped) : at other times, in the

abdomen.
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of the cloaca, tbe n v i n o g- e n i t al sinus, corresponding to the

same organ iu the female. In connection with the ventral wall

of the cloaca there is a penis, which differs from the homologous

organ of the Chelonia, Crocodilia, and Aves, in the closure of the

groove on the dorsal side, to form a tube, the seminal tube, opening

anteriorly into the urinogenital sinus, at the other end to the exterior

(Fig. 401, B). An elongate mass of fibrous connective tissue, the

corpus f i b r o s u m, lies ventral to the seminal canal. In all other

male Mammalia, including the Marsupials, there is no cloaca ; the

original opening of the urinogenital sinus into it has closed (Fig.

401, G), and the sinus itself only opens to the exterior by the

seuiinal tube, through which the excretory products must also pass.

The copulatory organ is ventral to the anus, but in many Mammalia

it is connected with the abdominal wall (J)), so that the tip is directed

forwards.

The seminal tube is surrounded by a vascular network, and one is contained

in tlie corpus fibrosum. The dilation of the vessels effects the erection of the penis.

An ossification (os penis) is often developed in the copulatory organ (Cai'nivora,

Apes). Yarious glands open into the urinogenital canal and into the seminal

tube, and their secretion escapes with the spermatozoa
;
among these the

prostate glands and Cowper's glands are the most constant. A vesicula
seminalis, a saccular or branched hollow organ, which serves both as a

seminal reservoir, and also as an organ of secretion, opens, in many Mammals,
into each vas deferens, close to its union with the urinogenital sinus ; or inde-

pendently into the simis. A larger or smaller rudiment of the oviduct {uterus

masculinus) is often present.

Of the Mammalia, the Monotremes alone are oviparous
;

here the egg is relatively large,* and segmentation is partial ; as in

many Reptiles the egg is surrounded by a parchment-like shell. All

other forms are viviparous; an egg-shell is always absent,

the ovum is microscopic, segmentation total. In the Marsupials
the embryo lies in the uterus surrounded by the embryonic mem-
branes, is nourished and grows by the absorption of a fluid secreted

by the uterine glands; there is not a close connection between the

embryo and the uterine wall, and the young one is born in a condi-

tion which, in comparison with that of the new-born placental

Mammal must be considered very undeveloped ; it is nourished by
the milk of the parent for a long time after birth. In the

placental Mammals the outer embryonic membrane comes
into close connection with the uterine wall; delicate vascular branched
villi are developed on its surface and fit into corresponding crypts in

the vascular wall of the uterus, serving as organs for the absorption

of the maternal plasma. The villi are either uniformly distri-

buted over the whole surface, as in the Horse, Pig, Camel, Whale,
or are chiefly or exclusively developed in one region, which is then

* In Echidna the egg with its shell has a longitudinal diameter of 15 in/m. ft

transverse diameter of l:i mjm, ; that of Qfnitjiorynchus is similar.
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tRrmecT the placenta ftetalis,* or there are several regions upon which
the villi are Avell-developed. This is the case in most Ruminants
which possess a great number of small, very prominent placenta'
(cotyledons); elsewhere a hxrge continuous placenta, either zonary
([Carnivora, Seal, Elephant) or discoidal (in Man and otherst), occurs.
That portion of the uterine wall which is connected with the placenta
is termed the uteri n e p 1 a c e n t a, p. uterina. In some cases the
villi are simply withdrawn from the pits in the uterine wall at birth
(Horse, Ruminants); in others (in all with zonary or discoidal
placenta) a portion of the mucous membrane of the uterus remains
attached to the embryonic membranes and is thrown off with them
(decidua), so that the former has, to a great extent, to be regenerated.

In the placental Mammals the serous membrane (c/., p. 354) is closely
connected with the allantois, and partially fuses with it; the vascular
membrane thus foi-med is termed the chorion, and gives rise to the vascular

papilla) already mentioned. In older Mam-
malian embryos the amnion is much
extended, and often hes close to the allantois,

and then it immediately sun-ounds the
tubular pedimcles of the allantois and of

the yolk sac, as with a sheath. These
peduncles (see Fig. 402), together with the
sheath, are termed the umbilical cord.

The circulation in an advanced
embryo is in several respects very different

from that of the adult, the limgs of course

are not yet functional; the oxygen which
the embryo needs is received with the plasma
from the parent. The chief points of the

circulation are the following : the arterial
blood from the placenta mixes with the

venous blood from the posterior part of the

body and flows into the right amicle, which
also receives venous blood from the anterior

regions. Part of the blood from the right

am-icle flows into the right ventricle, thence

to the pulmonary arteiy, and so partly into

the lungs, partly through the ductus Botalli into the aorta ; another portion
of blood from the right auricle goes through the opening in the aimcular

septum into the left auricle, and from this through the left ventricle into

the main arterial trunk. A very considerable mixing of arterial and venous

blood, thei'efore, occurs in the embryo.

The length of time during which the placental embryo remains

in the uterus (uterine gestation) varies considerably for different

forms, th'iugh it is fairly constant for each species. As a general

rule large Mammals have a long gestation (a year or more), and

Fig. 402. Placenta of a Mammal,
diagrammatic, am amnion, a I allantois,

h yolk sac ; the outermost line is the
serous membrane. The external layer
of the allantois is fused with the serous

membrane forming the chorion which is

beset with branched processes.—Orig.

* If the villi are uniformly distributed over the whole membrane, the animal

(e.g., the Horse) is said to possess a diffuse placenta; strictly speaking there is

none.

f Apes, Bats, Insectiyores, and Rodents,
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only pi'oduce one or quite a few offspring- at a birtli ; whilst in

small Mammalia the time is short, and several or many young ones

are born at the same time. If there are several embryos in the uterus

at once, the ova from which they develop have all been fertilised at

the same time; they are, therefore, all at about the same stage of

development, and are born in immediate succession. In some

placental forms the offspring at birth are very helpless, naked,

with closed eyes (the eyelids adhering together) ; whilst others are

more advanced, or are immediately capable of independent movement.

They are all at first nourished by milk from the parent.

The Mammalia are grouped in the following way:

—

A. Oviparous Mammalia. Egg laid, large, suiTounded by a shell.

Cloaca long. One order only, the Monotremes.
A. Aplacental Mammalia. Egg small, develops in the ovidiict, whose

walls secrete a fluid for the nourishment of the embryo. This is very small and

imperfectly developed at birth. Cloaca rudimentary (only present in the

female). One order only, the Marsiipials.
C. Placental Mammals. The embryo develops from a small egg ; the

outer embryonic membrane is closely connected by villi with the wall of the

o^dduct. Cloaca absent. All other orders of Mammalia belong here.

Order 1. Monotremata {Monotremes).

This small group differs from other Mammalia in a number of

characteristics which bring it near the Reptilia. It is especially

remarkable that Monotremes are oviparous; that the egg is

relatively large, and is surrounded by a leathery shell; that

they possess a well-developed cloaca. Other points tending in

the same direction, are the presence of well-developed cervical
ribs, a large coracoid, a very reptilian e pi sternum, the

absence of a scapular spine, the form of the stapes, the

straight c o c h 1 e a, the presence of cartilage in the sclerotic of

the eye, the feeble development of the corpus callosum, the

whole relations of urinary and genital organs, as already

noticed. It is interesting that the temperature of the body*
is lower than in other Mammals.

That they are not incorrectly placed with the Mammalia may be
seen, however, from the fact that they accord with them, and differ from
Reptiles in the following respects: they are covered with hair, possess

sebaceous and sudoriparous glands, have a long, jointed sternum,
no quadrate, two occipital condyles, three ear bones; whilst

the mid-brain is divided into four lobes, the penis is tubular, etc.

It may also be mentioned that Monotremes possess marsupial
bones, like 'those of Marsupials, connected with the pelvis

;
further,

* In Echnidna under usual conditions 28° C, in Ornithorhynchns 25° C. (c). In,

other M^inimalia as
fl,
rule 38—39 " C.
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it must be rememberer] that m a m m i 1 I are absent, and that

the mammary glands are primitive in character. The few known
forms are edentulous when adult, but horny teeth may be
present. Recently it has been demonstrated that the young
Ornithoi'hynchus has true teeth, but that they are lost later.

There is no definite external ear. The males have a horny
spur on the heel, perforated by the duct of a gland.

There are only three living species of Monotremes known, they

are mentioned below. They are of medium size, and are confined to

Australia, New Guinea, and Tasmania. Very little is known
definitely concerning the fossil remains of this group.

1. The Duck-billed Platypus (Ornitlm-ynchus paradoxus). The snout

is flattened, broad, and covered with a naked skin ; at the back of the mouth on
either side of each jaw, there is a large horny tooth, and a smaller horny ridge in

front ; the tail is powerful and flattened ; the feet webbed ; the fm- soft. They
feed upon small aquatic animals. The eggs are laid two at a time, in holes dug
in the ground ; the young ones, when hatched, are fed with milk by the mother.

East Australia, Tasmania.

2. The Si)iny Anteater {Echidna aculeata). The snout is nan-owed,

especially towards the tip, and covered wdth naked skin ; the mouth small, the

tongiie ^ong and sticky; the body covered with hau-s and sx^ines; the tail very

short
;
strong digging claws. The food consists of Ants, Termites, etc. The egg

(only one is laid at a time) is placed in an unpau-ed saccular depression on the

ventral sui-face, and there incubated; the temperatm-e of the sac rises several

degrees above that of the body. It serves later to protect the young one, and

then atrophies, forming anew before the next oviposition. The brood pouch is

absent from Ornithorynchus. Different varieties inhabit New Guinea, Austraha,

and Tasmania. The three-toed Echidna {E. [Proecliidna^ Bruijnii), is

a near relative ; it has a longer and curved bill, and only thi-ee toes on each foot,

both hind and fore, whilst E. aculeata has five. New Guinea.

Order 2. Marsupialia {Marsupials).

The leading characteristic of this group is the absence of a true

placenta ; the outer embryonic membrane does not project as ^dlli

into the uterine wall, but the embryo is nourished by a secretion of

uterine glands, and is born in a very immature and imperfect

condition. Other characters also show the 1 o w grade of the

Marsupials, as compared with all subsequent orders of Mammalia :

for instance, the corpus callosum is feebly developed ;
in the female,

there is a cloaca, but it is a mere pit, and the two oviducts open

separately into the urinogenital sinus. Like the Monotremes, and

unlike all other Mammals, the Marsupials have marsupial bones,

a pair of peculiar ossifications connected with the pubes and extending

forwards in the abdominal wall. They have nothing to do with the

marsupium usually present in females. This is an open saccular

cavity on the ventral side of the animal, limited by a large fold of

gkin; it covers the mammillee, anci the young oiies are placed m \K
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immediately after birth
;

they are each attached immovably by

suction to one of the mammilli© for a long time.

The dentition of the Marsupials on the whole resembles that of

other Mammals
;
they differ, however, in some points. The molars

vary within the number seven in each half of the jaw. Only a single

form with degenerate teeth has a larger number ; the incisors

may, however, be as many as five above, four below. Of the seven

molars the third alone has a predecessor, the only milk tooth met

with so far in this group. The form of the teeth, especially of the

molars, varies considerably in correlation with veiy diverse habits.

In most points of structure tlie Marsupials stand nearer the placental

Mammals than do the Monotremes ; mammillaa are present, the coracoid is

rudimentary, there is no epistemum, the cochlea is spirally coiled, the penis is

essentially like that of the placental Mammals, the testes move back into a scrotum

,

the ovum is very small, and segmentation is total, etc.

Most existing Marsupials live in the Australian region, the

Opossums"*^ alone inhabit America. In earlier geological times,

however, Marsupials occurred also in other parts of the world.

At least thi'ee small "]

similar incisors on each

side of the lower jav?.

The canines larger than

the incisors.

Only one large incisor

in each ramus of the

lower jaw. The canine

small or absent.

Op ossums.

Bandicoots.

Kangaroos.

None of the toes of

the hind leg united.

Toes 2 and 3 thinner

y than 4 and 5, and united

together.

1. Opossums {Polyprotodontia). Four or five incisors in the upper,

tlu-ee or fom- in the lower jaw. Well developed conical canines. Molars with

cusps or tubercles. The second and third digits of the hind foot are like the

fourth and fifth, and are not united.

(a) The True Opossums (Didelphyidne) have, on the hind foot, a well-

developed, but clawless, hallux which can be opposed to the rest of the toes;

i f , c \, m f . Tail long and prehensile, almost naked, but scaly. The poucli

is well developed in some foi-ms, radimentaiy or wanting in others. They feed

upon Insects, and are small animals, living exclusively in the New World,
chiefly in South America.

(b) Native Oats, etc. (Basyuridse). Hallux nidimentary or absent.

i f . Tail not developed as a prehensile organ, Carnivorous or insectivorous.

Among them the peculiar Native Oat {Dasywrus), and the long-legged,

wolf-like Tasmanian Wolf (Thylacinus), occuiTuig only in Tasmania.
Fm-ther, the small squirrel-like Marsupial Ant-eater (Myrmecohius),

with f small molars, and with long, smooth protiiisible tongue.

2. The Bandicoots {Peramelina) resemble the preceding group as

regards the teeth, whilst they agree with that following in the structure of the
hind feet, for the second and third toes are thin and enclosed in a common

* The forms cited below, which are not specially commented on, live in Australia
(some of them also in New Guinea, Tasmania, etc.).

K K
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membrane; the hallux is wanting or indimentary. i a Whilst in other
Marsupials the fore limb has five well-developed digits, in one of the two
genera of Bandicoots (Perameles) the first and fifth fingers are very degenerate
and destitvite of claws, in the other (Cheeropus) they are completely absent,
and the fourth has also become rudimentary. In the True Bandicoot
(Perameles), a rudiment of the hallux is present, the fourth is the best developed
toe; in the Pig-footed Bandicoot (Chceropug) (Fig. 403 c), the rudiment
of the hallux is wanting, and the second, third, and fifth are very thm, almost
rudimentary.

3. Kangaroos (Diprotoclontia) have usually three incisor teeth in the
upper, one in the lower jaw. The canines are absent or small, the molars with
rough cusps or transverse ridges. Of the toes of the hind foot the second and
third are weaker than the fourth or fifth, and are suiTomded by a common
membrane (syndactylous). Herbivorous.

(a) Australian Opossums (Phalangistidx). The hind, ai-e little

longer than the fore, limbs. Hallux well-developed, without a claw
; opposable

(Fig. 403 A), i f. Climbing animals. The following may be noted: the

A Be

Fig. 403. Right hind foot: A of Phalangista, B of the Kangaroo, C of

Choeropus. a astragalus, c calcaneum, n centrale (naviculare), c'—c** cuneiforms, cb cuboid

7_7 first to fifth toes.—After Flower.

C 11 B c u s (Phalangista), with long prehensile tail : the Flying Phalange rs

(Petaurus), with a large membrane (patagium) stretched between the fore and

hind limbs : the Koala or Australian Bear (Pliascolarctos), a climisy

ecaudate creature ; in which the fingers, like those of the Chameleon, are united

in two bundles (the first and second may be opposed against the thu-d, fom-th,

and fifth) : and the small, aberrant, insectivorous, Long-snouted Pha-
1 anger (Tarsipcs) with long protrusible tongue; few rudimentary molars (^)

;

and rudimentary claws on all the fingers and toes with the exception of the

second and third toes of the hind foot.

(b) Kangaroos (Macropodidn-). Hind legs very long, adapted for

jimiping; hallux absent; toes, second and third, very thin, foiu'th and fifth,
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strong (Fig. 403 B) ; fore limbs small ; tail very strong, used as a suppoi-t in

sitting, i f. Large and small forms {Hahnaturm, Hypsiprymnus, etc.) in

Australia and adjacent islands.

(c) Wombats (Phascolomys). Distinguisbed in tbat tbey bave only a

single incisor on eacb side, above and below (like tbe Rodents) ; all tbe teetb

gi-ow from persistent pulps ; the second and tbii-d bind toes only sligbtly weaker

than tbe others ; tail very short; clumsy noctm-nal animals.

Note.—The recently discovered Atistraban Mammal, Notaryctes typhlops,

with habits like those of the Mole, is also a Marsupial. Tbe third and fom-tb

digits of tbe fore limbs are provided with strong, comj)ressecl
,
digging claws

(the rest of the claws are smaller) ; a bard, horny plate is developed on tbe

dorsal side of tbe snout, and tbe bead is used in digging ; tbe eyes ai'e nidi-

mentary
;
pinnae are absent. Claws are developed on all five digits of the bind

foot, whilst in other Marsupials tbe hallux, if present, has no claw, i f

.

Order 3. Insectivora.

The Insectivora are small, short legged, placental Mammals ; with

the snout elongated, more or less like a proboscis ; and with

multicuspidate molar teeth, the front ones being usually small

and unicuspidate. They generally walk on the whole foot (planti-

grade) ; both fore and hind feet have usually five similar toes.

The canines are frequently small, some of tbe incisors large ; clavicles are
present

;
eyes and pinnae are usually little developed ; mammillae abdominal.

The Insectivora feed chiefly upon Insects, Worms, etc., rarely on
vegetable substances. They are entirely absent from Australia and
South America.

1. The Hedgehog (Erinaceus). Spines. (very thick, stiff hairs) dorsally,

usually finer or coarser hair ventrally ; feet simple, tail short. It can roll itself

into a ball by tbe ventral flexiu-e of tbe bead, limbs and tail, the spiny dorsal
sm-face being drawn down by tbe contraction of tbe large skin muscles. Canines
absent ; fii-st incisoi-, above and below, larger than the rest of the incisors ; tbe
cusps of the molars blunter than in other Insectivora

;
altogether, ten teeth above,

eight below, on each side. Tbe Common Hedgehog {E. europseus) is

distributed almost tbi-oughout the whole of Europe ; it bves both upon plant and
animal food ; it hibernates for tbe winter.

2. The Mole (Talpa). Tbe fore limbs are developed into veiy strong digging
organs ; the hand is broad, with long, powerful, and almost straight, claws, and
so compressed, tbat the inner edge, supported by a peculiar sickle-shaped bone, is

tm-ned downwards, whilst tbe palm is turned outwards ; tbe clavicle is extremely
short and powerful, pre-stemum with a keel ; the eyes are rudimentary

; pinnae
absent ; tail short ; fui* soft ; dental formula complete, -U-

; canines of the lower
jaw like the incisors, which are small and simple (Fig. 393). The Talpidae live

exclusively upon animal food, chiefly Earthwoi-ms. Tbe Engbsh species is the
Common Mole {T.europxa). The Golden or Cape Moles [Chrysochloris)

constitute another group of fossorial Insectivora. They are blind, subterranean
animals with velvety coat; tbe claws and last phalanges of the second, and
especially of the third, fingers, are very powerful, the first and foui-tb fingers are
small, the fifth absent ; tbe band is not compressed. South Africa.

3. The Shrew (Sorex) is a small Insectivore, with a long tail; pointed
proboscis ; feet of simple structure ; and soft fur. There is only one incisor in each

K K 2
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ramus of the uiiuidible, it is very large, and projects foi-wards ; the first

\ipper incisor is similar in form ; the canines small ; the cusps are in many cases

reddish-brown. The Shrews, which feed upon Insects and Worms, are represented

in Britain by the following species : the Common Shrew (Borex vuhjarin), the

Lesser Shrew (S. ^)7/f/7u;i;ws), comparatively rare in England, but taking the

place of the Common Shrew in Ireland ; the Water S h r e w (Crossopm fodien^),

distributed over England and the South of Scotland ; aU with brown teeth. Two
Musk Shrews (C. aranea and C. auavolena) occm- on the continent of Europe,

but not in Britain.

4. Of foreign Insectivora, besides the Cape Moles, the following may
be mentioned: The Desmans (Myogale), aquatic forms with webbed feet;

proboscis long, tail long and scaly
;
possessed of musk glands : a large species,

the Russian Desman {M. moschata), with compressed tail, occurs in South

Russia ; another smaller species {M. 2jyrxnica), with cylindi-ical tail, in the

Pyi-enees. The Jumping Shrews (Macroacelides) are saltatorial animals, with

elongate metatarsus
;
long proboscis

;
large pinnae : in Africa. Cladobates, with

powerful tail, furnished with long laterally-directed hairs
;
squirrel-like animals,

living in trees in Africa. The Cobego or Kaguan {Galeopithecus volans) is

in many respects an aberrant form ; a patagium is stretched between the foi'e-

limbs, the body and the hind limbs ; the edges of the lower incisors are pectinate.

It is about the size of a Cat and is herbivorous, inhabiting the South Sea

islands, the Moluccas and Pliilippines.

N o te.—The genus Hyrax may be mentioned here. It was foinuerly regarded

as an Ungulate, but appears to the author to be allied to the Insectivora ; its

systematic position is, however, stiU very doubtful. The few species of the

genus are small rodent-like animals with soft fin-
;
pointed snout

;
quite short

tail; legs of medium length: there are four well-developed digits on the fore

feet (the pollex is rudimentary), the hind foot has only three toes ; all the digits

ai-e provided with flat nails (not hoofs), except the inner toe of the hind foot

which bears a claw; there is a large sole to the foot. * f , c g, p f, m f ; the

grinding surface of the molars is vei-y like that of the Rhinoceros ; the inner

incisors are large, so that the dentition is somewhat rodent-like : herbivorous

;

Africa and West Asia.

Order 4. CMroptera {Bats).

The Bats are remarkable, chiefly on account of the peculiar

modification of the fore limb. With the exception of the first, all the

metatarsals and their corresponding digits are much elongated, and

a naked patagium"'^ is stretched between them. It reaches from the

fifth finger along the arm and forearm, to the body and hind libsm

;

in front a similar membrane is stretched in the angle between the

arm and forearm, and there is frequently another between the hind

limbs and the tail. The hind feet and the short pollex are free

;

of the fingers, the third and fifth are without claws ; in the small

Bats, the second also ; but the thumbs and the five digits of the hind

feet possess curved claws : the terminal phalanx of the clawless

digits is absent : besides the metatarsus and the digits, the arm and

* The patagiiun is not absolutely naked, for there are very fine hairs scattei-ed about

on it.
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forearm are also elongatCj altliough to a relatively small extent. The

hind legs are turned outwards in a peculiar way
;
they are thin and

feeble : a long, thin bone or cartilage, the spur, arises from the

ankle ; it lies on the edge of the membrane extending between the

hind limbs. The patagium can be folded up like an umbrella, and

laid along the body. The clavicles are long and powerful, the pre-

sternum provided with a long keel. The mammillaj, one or two pairs,

are thoracic* The Bats are nocturnal or crepuscular. Their best

mode of locomotion is flight, but they can manage to crawl on their

hind limbs and thumbs. They rest suspended by the hind feet.

1. Large Bats (Megachiroptera : genus Fteropus, the Fruit-Bats or

Flying Foxes, etc.). Olaws on the first and second digits; head long;

molars with two longitudinal ridges
;
pinna simple : chiefly frugivorous. Large

forms inhabiting the warmer parts of the Old "World and Australia.

2. Small Bats {Microcliiroptera) . There is no claw on the second finger

;

head short; molars with several tubercles (like those of the Insectivora)
;
opening

into the external auditoi-y meatus more or less completely covered by a

membranous flap of the pinna, the antitragiis. They feed principally on Insects,

which they catch as they fly, discovering them by the tactile sense located in the

skin, especially of the patagium, of the pinna, which is sometimes very large, and
of peculiar outgrowths (nasal pi'ocesses), which are frequently present on the

head. Some South American fomis (Y am p i r e
,
Desmodus) suck the blood of

other hving Mammals. The group is very rich in species, distributed over the

whole world, especially abundant in the tropics
;
mostly small animals. A fairly

large number of diverse fonns occiu-s in England
;
among them may be noted :

several species of the genus Vesperugo, of which the Pipistrelle {V. pipis-

trellus) is the common English one. This genus is characterised by the short

antitragus, and by the possession of cheek teeth : of the genus Vespertilio,

Daubenton's Bat {V. daubentoni), is a well-kno\vn British species, with a

large antitragus and f cheek teeth : of the Horse-shoe Bats (Bhinolophiis),

the gi-eater {B. ferrum-equinum), and the lesser (R. liipposiderus), both occiu-

in England although they are not very common
;
they are distinguished by the

complicated nose-piece. All the British species hibernate, passing the winter

suspended in hollow trees and elsewhere.

*

Order 5. Ungulata.

The limbs are elongate and specially adapted for walking or

running, the trunk is raised well above the ground. The metacarpus
and metatarsus are usually of considerable length ; the digits are more
or less completely enclosed in a common skin (with the exclusion, how-
ever, of the last) ; the animal usually steps upon the last phalanx only,

chiefly upon the surrounding hoof (p. 470) ; the rest of the foot does
not touch the ground, but assists in lengthening the limb. The flrst

digit and the corresponding ineta-carpal or tarsal is absent from all

four limbs of all existing Ungulata. Clavicles are also wanting,

* Many indigenous Bats ai-e very remarkable in • that whilst copulation occurs in
the autmnn, fertilisation of the ovum doos not talcu place till tliu following spring :

the spermatozoa are stored in the utorus of tlio female during hibernation.
^
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Herbivorous animals, generally of considerable size, with plicate or
tuberculate molars, and usually with a long cascum.

yub-Order 1. Perissodactyla.

The third digit is almost symmetrical, stronger than the
rest, and the median plane of tlie foot passes through the middle of
it; the fifth is usually absent. The femur has on its outer edge a
process {trochanter tertius), which is wanting in the Artiodactyles.
On the distal surface of the astragalus there is a large, flat, articular
fapet for the naviculare, and a smaller one for the cuboid. The
rami of the lower jaw are anchylosed. The molars are folded, and,
with the exception of the first premolar, of about equal size.

Stomach simple ; cjBcum colossal
;
placenta diifuse."^

1. The Tapir (Tapirus). Fore foot with four toes (all but the poUex), hind
foot with thi-ee (hallux and minimus wanting) ; the third is not much stronger

B C

Fig. 404. Hand (fore foot) of : A Tapir, B Rhinoceros, G Horse. R radius, u ulna
s, I, c proximal row of carpals (naviculare, lunare, cuneiform) ; p pisiform ;

tm, td, m, u
distal row of carpals (trapezium, trapezoid, os magnum, unciform) ; II—V second—fifth

fingers (in B, V is the rudimentary fifth metacarpal, in 0, // and IV denote the second and
fourth metacarpals).—After Flower.

than the second and foui*th
;
digitigrade. t f, c p f, m f ; the molars have

each two transverse ridges ; the snout is elongated to form a short proboscis

;

the skin is well covered with hair. One species in the East Indies, another in

South America. The extinct (Eocene) genus, Pahiotherium, is somewhat closely

* Gall-bladder absent. Two abdominal mamnise. At least twenty-two dorsal

vertebrse.
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related to the Tapirs ; it had, however, only thi-ee toes on each fore-foot, and

the molars were like those of the Rhinoceros.

2. The Rhinoceros. Both fore and hind limbs symmetrical and three-

toed; the median toe (third) somewhat stronger than the other two (second and

fourth) ;
digitigrade. i ~E^, c §, p ±, m f ; incisors more or less degenerate,

no canines, strong plicate molars. Antero-dorsally in the median line of the

head one or two horns (c/. p. 471). The skin is thick, inflexible, and very

sparsely covered with hairs ; the upper lip very mobile. Limited to the warmer

parts of Asia and Africa. In Africa there are two species with smooth skin

and with two horns {Bh. bicornis and simus) ; in Asia a two-horned species and

also a one-horned species with large deep skin folds (Eh. unicornis, etc.). The

Woolly Rhinoceros {Bh. tichorinus), with ossified nasal septiun, two

horns and an abundant covering of haii-, lived in Quai-teraaiy times in Central

Europe and Siberia, together with the Mammoth.

3. The Horse Family (Equidx) is characterised by the great develop-

ment of the middle (third) as compared with the lateral toes, and by the gi-eat

length of the metatarsus. Fore and hind limbs similar. They tread upon

the hoof. Dental foi-mula complete : i c \, p ^, m |. Bony orbit complete

{i.e., a process from the frontal has united with a process of the zygoma behind

the eye.

{a) All Horses now living belong to the genus Equus. The second

and fourth toes axe altogether absent, so that each foot has a single toe only,

the thii'd, which with the coiTesponding metacai-pal or metatarsal (cannon bone)

is extremely well-developed ; the second and foui-th metacai-pals (or metatai-sals)

are present in the form of long, thin bones (splint bones) on the sides of the

cannon bone. The animals tread only on the hoof upon the last phalanx;

this hoof smTounds the very small sole of the foot (c/. p. 470, Fig. 382 D). The
incisors are characterised by the possession of a large pit partially filled with

cement (the mark) ; the canines are well developed in the male, rudimentary in

the female ; the germ of the fii'st premolar is present in both upper and lower

jaws, but usually only develops in the upper ; even there it is rudimentary, and
generally falls out early (wolf tooth) ; the other molars of both jaws are of about

equal size (broader in the upper than in the lower jaw)
;
they have veiy long

crowns and short roots ; the crowns exhibit folds and pits ; these reach to the

roots and are filled with cement, which is extraordinarily well-developed here,

suiTOunding the crown with a thick coat
;
very soon after the tooth comes into

use, streaks of enamel appear upon the grinding surface, and the crown, becomes
gradually worn away, so that in old Horses it is very short. In contrast to the

conditions in the Taph- and Rhinoceros, the lower portion of the iilna (or fibula)

is very weak, in part only represented by a ligament. To this genus belong

:

the Zebras {E. zebra, quagga, Burchelli, and others), with dark transverse

stripes; small hoofs; bovine tail : in South Africa. The Ass {E. asimts), with
a black stripe along the middle of the back, and a similar transverse one across

the shoulders ; small hoof ; tail bovine : wild in North Africa. Two allied forms
{E. hemionus, the Dschiggetai, and E. onager, the Kulan, in Asia). The Horse
{E. caballus) is usually larger than those just mentioned : it has larger hoofs

;

the tail is covered with a laa-ge tuft of long hairs : there are naked, horny patches
on the skin both of the fore and the hind limbs, the so-called chestnuts and
ergots (in others, only on the fore limbs) ; native place not definitely known.

(b) Some of the Quaternary and Pliocene Horses also belong to the genus
Equus, and occm-rednot only in the Old World, but also in the New. Other
Pliocene fonns belong to the genus Hipparion, a small form which resembles
Equus in most respects, but diifers from it in that the second and fourth
digits were present on all foiu- limbs, although only as poorly developed
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" accessory toes," which flici not touch the ffround in walking * Hipparion lived
in recent Miocene times as well as in the Pliocene. The (ienus AnchUherium is
moi-e remote from Equus; it has toes like Hipparion, but the second and fourth
arecon8.deral,ly stronger than in the latter, although still much weaker than the
third

;
the cro^vns of the molars are shorter than in Equus, the folding moi-e lik^

that of the Rhmoceros (or Pala>otherium), the cement Uttle developed •

tlie wolf

a A' B'

Fig. 405. Left fore foot of Anchithevhiin {A, A'), Hipparion (B, B'), Horse (C, C),
from ill front and from within. All similarly decreased (about i). tm trapezium, td
trapezoid, m os magnum, u unciform. II, III, IV, second—fourth metacarpals, v nidi-
mentary fifth metacarpal.—After Gaudry.

tooth (fii'st premolar) is larger, and pi-esent also in the lower jaw ; the front teeth

without the mark ; the ulna and fibula better developed than in Equus. This
genus, which lived in Miocene times, is very like tlie Eocene Palajotherium
mentioned above.

Sub-Order 2. Artiodactyla.

The third and fourth digits on both fore and hind feet are each

asymmetrical in themselves, but the two correspond, as does an

object with its image in a mirror; the median plane of the
foot passes betwe'eu these two toes. The third and

fifth are smaller, do not usually touch the ground in walking, and

are situated somewhat behind the others ; indeed they are often

rudimentary or absent. The trochanter tertius is wantiug. The two

articular facets on the distal edge of the astragalus, for the uaviculare

and cuboid, respectively, are of about equal size, and both are much
arched from before backwards ; the stomach is more or less compli-

* The fifth metacai-pal is present (Fig. 405 B), but quite rudinientiuy ; it may
also be present in the horse.
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cated, the CcBcum smaller than in the Perissodaotyles ; the molars

folded or tuberculate, the premolars smaller than the true molars.'^

Group 1. Non-Ruminantia.

Incisors well developed; the third and fourth metacarpals or

metatarsals are almost always separate, the second and fifth digits and

the corresponding bones usually comparatively well developed ;
ulna

and fibula strong; mandibular rami anchylosed; stomach less compli-

cated than in the Ruminants ; in some forms of the group {e.g., the

Common Pig), fairly simple; in others {e.g., the Hippopotamus) with

definite indications of division into several sections; there is no rumina-

tion; mammas often along the whole ventral side; placenta diffuse.ABC

Fig. 406. Manus of : A Pig, -B Stag, CCamol. E radius, Uulna; s naviculare,

I lunar, c cuneiform, td trapezoid, m magnum, u unciform ; and second and fifth

(rudimentary) metacarpals ; II—V second to fifth fingers.—After Flower.

1. Pig family (Suidx). Limbs slender ; digits two and five are consider-

ably sboi-ter tban three and four, are situated somewhat behind them, and do not

usually touch the gi-ound in walking ; ball of the foot small and soft ; molars

tuberculate ; there is a short proboscis ; skin with haiiy covering.

(a) The Pigs {Bus) are confined to the Old World, and represented by
various species : i |, c i, p f , m f ; the incisors of the lower jaw are directed for-

wards, those of the upper jaw downwards ; the upper canines turned outwards
and upwards, the lower ones much arched (those of the male grow from persistent

* Gall bladder usually present. The number of dorsal vertebraj less than twenty-
two (rarely more than nineteen
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pulps and are more curved than those of the female) ; the premolars are com-
pressed, the molars have broad tuberculate grinding sui-faces. Here belong the
European Wild Hog (Stts Scro/a), the ancestor of the old race of the
North European Domestic Pig; most existing English breeds are
hybrids of the latter and of the Chinese pig, which was derived from one or more
species of Asiatic "Wild Pigs, and differs in several respects (in the skeleton)
from the old race and from the European Wild Hog.

(b) Among other Suidse the following may be noticed : the Peccaries
(Dicotyles), small forms, with a lai-ge skin gland dorsally ; the fifth hind toe is

wanting ; the canine in the upper jaw is directed downwards, but neither it nor
that of the lower jaw is of striking size ; South America. In the Babyrusa
of Celebes {Porcus bahyrusa) the canines of the upper jaw are tm-ned upwards
and much cui-ved, in the male they are enormously elongated. The Wart-hog
(Phacochcerus) is chiefly distinguished by the extraordinaiy development of the
last molar, this tooth is also the largest in Sus ; in veiy old animals it is the only
persisting molar ; canines much like those of Sus ; South Africa.

2. Hippopotami {Hippopotamidie) are huge animals with thick limbs

;

the second and fifth digits are veiy powerful ; the animals place all foui* toes on
the ground and the sole of the foot is large ; molars plicate and tuberculate

;

incisors and canines very powerful ; head very large, without a proboscis, with

veiy broad snout, sparsely covered with hairs : only two living species ; the best

known is the Hippopotamus (ff. mwphibius), which is distributed over large tracts

in Africa ; another smaller species {Choeropsis liberiensis), which approaches the

Suidae in some respects, inhabits West Africa.

3. There are also many extinct Non-ruminants, which ai-e in some
points like the Pigs and Hippopotami, but in others differ considerably from

them. There are, for example, various forms with molars like those of the

Ruminants, whilst in other respects they stand fairly close to the Suidse
;
others,

like the Anoplotherium of Eocene and Miocene times, with long neck and

long legs, offer a superficial resemblance to the Ruminants, but are distinguished

from them by the possession of a complete dentition (W) ;
by the well-developed

upper incisors ; and by the sepai-ation of the metatai-sals.

Grioup 2. Ruminantia.

Incisors are absent from tlie premaxillas (or tlie third is alone

developed) ; canine of the lower jaw usually (but not in tlie Camels)

like the incisors, so that there appear to be four of these in each

ramus. The molars, and to some extent the premolars also, have

each four curved longitudinal ridges, two external and two internal.

On all four limbs, the third and fourth metatarsals (or metacarpals)

are almost invariably fused, forming a single long bone (cannon

bone), whilst the second and fifth are incomplete or absent"^; in the

Tragulida3 alone are they complete. Digits two and five arc small

or absent. Tor the structure of the hoof, see p. 470 and Fig. 382 E.

Ulna and fibula are poorly developed ; the lower end of the latter is

separate, and resembles a tarsal bone. Rami of the lower jaw

* The upper ends of the second and fifth are, at least in the hind foot, fused with

the third and fourth respectively, but the rest, if present, remain as small separate

bones.
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A

B

anchylosed only in tlie Camels, elsewhere separate. Tlie stomacli is

constricted into several portions, and after tlie food has been there

for some time, it is regurgitated and masticated anew. There is

usually a number of cotyledons ; but in Camels, the placenta is diffuse

like that of the Pigs and the Perissodactyles. The mammsD are

abdominal.

In the majority of Rimiina,nts (Oavicornia, Stags, Giraffes), the stomach is

divided into three sharply-defined poi-tions. The first compartment follows

the a3sophagus, and from the junction a deep groove runs along the anterior

side of the chamber, to

its opening into the

second region, the many-

plies {psalteruim or

omasum.) The fii-st part,

which attains a consider-

able size, is fm-nished

with several ingrovdihs,

one of which is very

laa-ge, and divides the

cavity into two incom-

pletely separated sub-

sections, the large

paunch {rvmen) , and

the smaller honey-
comb bag {reticulum)

;

the latter is ftunished

internally with a pro-

jecting network of folds;

the fonner with villi.

The manyplies is

fm-nished within with

numerous large longi-

tudinal laminae, which lie

closely together and fill

up the gi-eater pai-t of

the cavity. The last

portion, the reed
(abomasvm) is almost

tubular. The iiunen,

reticulum, and manyplies

are lined by a stratified

epithelium like that of

the OJsophagus and the

buccal cavity, and are

non-glandulai- ; the abomasum is lined with a cylindrical epitheliimi, and is

fmTushed with glands. The food, which is not much masticated in the mouth,

forms a large bolus, passes through the cBSophagus, dilating it as it goes, and
reaches the rumen, where it undergoes a kind of fermentation or maceration,

until it is again brought up in small quantities into the mouth, to be masticated

and mixed with saliva. Then it passes a second time, but in a viscid condition,

thi'ough the oesophagus, i-unning, however, along the gi'oove of the rumen, and so

reaches the psalterium, whose lamina? absorb some of the fluid, and lastly it enters

the reed. Fluid substances apparently pass direct from the CBSophagus into the

Fig. 407. Diagrammatic longitudinal section of the

stomach: A of a Camol, B of an ordinary
Ruminant, G of a Tragulus. d small intestine,

h abomasum ha reticulum (ha' portion of the rumen of a
Camel, which may be falsely compared with the reticulum

of others), m manyplies, o assophagus, r groove in the

rumen, y first chamber.—Orig.
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inanyplies tlirourrh the groove of the nuiien. In Camels the stouiacli consists
of the same conipurttnents as in most other Kuminauts, but the manyplios
is a long tube with low, longitudinal folds, and is not externally separated fi-om
the short abomasum

;
further, the aliomasum is lined with cylindrical epithelium

and provided with s ho rt tubular glands * The abomasum is furnished with
long, well- developed glandular pits, and thns an internal distinction is made
between the two chambers, the mucous membrane of the latter being of a much
greater thickness.f In the T r a g u 1 i d the stomach is very like that of the
majority of Rimiinants

; but it is different in that the many plies, thougli
clearly demarcated, is rudimentary. A transition to this condition is

affoi-ded by several other small Ruminants, in which the manyplies is very short
and little developed.

1. Camels {CameUdw). In contradistinction to other Ruminants the
last upper incisor is present and caniniform ;+ the canine of the lower jaw, like
that of the upper, is caniniform (conical) ; the stomach is aberrant {see above)

;

the placenta diffuse ;§ horns are absent; there are only two digits on each
foot

;
the hoof is small and cui-ved, the sole is large and soft (in contradistinc-

tion to all other Ruminants)
; they are plantigrade. The Caraei genus ( Cumelu>i)

includes long-legged animals with a large fatty hump on the back; dental

formula,
^ fr^* '' ^^'^^ premolar of both jaws is caniniform

and separated from its fellows by a diastema. In the Bactrian Camel
(C. hactriayius) of Asia, the himip is divided into two, anterior and posterior :

in the Dromedary (C dromedarms), of Africa, Arabia, Persia, etc., it is

simple
: these two essentially desert animals are only known in the tame condition

(except when they have rtm wild). The Llamas (Auchenia) are smaller,

without humps, and without the caniniform molar (_p') ; several species, both
tame and wild, occur in western South America.

2. Giraffes {Camelopardalis giraffa) possess two hairy, iuternally ossified,

outgrowths on the head ; very long legs, fore legs longer than the hind ,• neck
long ; Africa.

3. Stags {Cervidx) constitute a large group of mostly slim, thin-legged,

short-tailed Ruminants ; the males (and occasionally the females also) usually

bear antlers ; in the fully developed condition (for structiu-e and development see

p. 471), they are naked bony processes ; at the base of each is a slightly widened

portion, the " burr " (above the lower portion, the pedicle, which remains covered

with skin). The first antlers borne by yoimg Stags are simple, imbranched and
small ; later they are larger and usually branched. The dental formula is

:

t c
^"Y"^, P f, f-ll The following occur in Britain: the Roe {Cervus

capreolus), smaller than other European fonns ; the antlers of the adult with

rarely more than tkree tines: the Red Deer {C. claphus), only in the High-

lands: and the Fallow Deer {C. cZctwa), a native of the coimtries bordering

the Mediterranean, whence it was introduced into Central Eiu'ope and Britain

* Cylindrical epithelium and short glands are also present on the floor of the
" water cells " of the first chamber (c/. foot note f) : for the rest these portions are

lined with non-glandular stratified epithelivmi.

t In Camels the first compartment is incompletely sei^arated by constrictions into

several parts ; the sub-sections thiis formed are not, however, comparable with those of

other Euminants. Some portions are provided with a not-work of deep folds boimding
small prismatic or honey-comb-like cavities, the so-called " water cells."

X In the rudimentary condition may also sometimes be present, whilst in the

niUk dentition both di- and di^ are always developed.

§ Blood corpuscles, imlike those of all other Mammalia, oval.

I!
A canine may or may not be present in the upper jaw {e.g., in the Red Deer).

The premolar which ia absent is p'.
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probably several centui-ies ago. Remains of a large extinct form, the Irish

Deer (C. eui-yceros), characterised by the colossal size of its antlers, are fonnd

on the Continent and in Scotland as well as in Ireland, where this animal must

have lived into the Middle Ages. The Reindeer (C. tarandus), the does of

which are characterised by the possession of small antlers, inhabits the circum-

polar lands of the Northern Hemisphere, and fossil remains are found in the

Quarternary formations of Central Europe. The Moose Deer {C. alces) is

a cliunsy long-legged animal with very spreading antlers ;
its range is almost

coincident with that of the Reindeer, although not extending so far north ;
in

former times it, too, was met with in Central Europe, but its distribution now

does not reach further west than Prussia. The Wapiti (C. canadensis) must

be mentioned as the New World representative of the closely allied Red Deer.

Fm-ther, there is the Musk Deer (MoscJms moschiferus) of Asia, without

antlers, the males of which have very long canines jirojecting from the mouth,

and have a ventro-abdominal dermal j)Ouch in which musk is secreted.

4. The Tragulids (TraguUdfe) form a circumscribed group of small

Ruminants without antlers ; in external form they ai-e very like Stags, and are

indeed, in most respects nearly allied to the Cervidse. They are characterised

chiefly by the fact that the third and foiirth metatarsals and carpals fuse late

or not at all, and that the second and fifth are complete. The manyplies is

rudimentary (see above). East Indies ; Africa.

5. The Oavicornia have two horns, which, instead of being hirsute, are

covered externally by a hard thick horny layer; they are ossified internally

(c/. p. 471). They are usually developed in both sexes, though occasionally rudi-

mentary or wanting in the female : i f, c f, p f, m f ; the absent premolar is

the first.

(a) Antelopes (Antilopinas) is the common term for a large number of

Ruminants which are for the most part cervine in appearance, though some
resemble Cattle. The horns are of very diverse form ; in some cases they are

absent from the females. Especially abundant in Africa.*

(6) Sheep (Ovis). Snout hairy, horns transversely wrinkled, thick,

pointed, often much curved backwards and outwards ; a dennal invagination

between the two large toes (interdigital pouch) ; two mammillse. The Domestic
Sheep (Ovis aries) belongs here; the ewes have rudimentary horns or none;
of imknown descent. Among wUd species may be mentioned the Mouflon
(0. musimon) of Corsica and Sardinia, and the Argali (O. ammon) of Central

Asia, besides several other Asiatic species. All wild Sheep are mountain
animals. Closely allied are the G-oats (Capra) with compressed, less-curved

horns, and without interdigital sacs ; mountain animals. The descent of the

Domestic Goat (C. hircus) is imknown. Among wild forms may be noted :

the Steinbock (G. ibex) of the Alps and other mountains of South Europe,
and the Bezoar Groat (C. isgagrus) in Asia Minor, Crete, etc. The Chamois
(Capella rupicapra) is allied to the Goats ; it has small upright horas ciu'ved only
at the tips; in the Alps, Pyrenees, etc. The Musk Ox {Ovibos moschatus) is

also related to the Sheep ; it is a lai'ge long-haired Ruminant ; with homs re-

calling those of the Buffalo ; with hairy snout ; and only two mammillse ; it inhabits

Arctic North America and also occurs in the Quaternaiy formations of Eiu-ope.

(c) Cattle (Bovinx). Large, bulky animals, with broad naked nose
;
long

tail, with tenninal tuft ; no interdigital sacs ; often a dewlap (dependent fold of skin)

* The Prong-buck or Prong-horned Antelope (Antilocaijraam ricai.a)
is usually regarded as an Antelope : it is remarkable because the horns, eacli of which
in the adidt possesses two tines, are thrown off and replaced annually. When the
horny cap is cast, bony cores are seen covered with a hairy skin, but later, a thick
horny layer is formed above the hair : when the horns are thrown oif the hair goes
(\lso. On the prairies of Western North America.
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on tlie neck and chest; four mammillae ; the honis usually round and smooth
cui-ved outwai'ds at the base, upwards at the tip. The Domestic Ox {Bos

taurus), with flat forehead, is probably descended from several wild species;

one of its ancestors is the now extinct gigantic Aurochs or Ure Ox {B.

pHmigenius), which lived in Britain and many pai-ts of the continent in eai'ly

times. Neai-ly allied to the Domestic Cow is the tame Zebu {B. indicus), with

a fatty hump
;
occurring in Asia and Africa. Somewhat more remote is the

long-haired Yak {B. grunniens), of which both -wild and tame forms inhabit the

mountain districts of Central Asia. The Bison (Bison) has an arched fore-

head and fairly small horns, which are far apai-t at the base, just as in the

genus Bos ; the anterior portion of the body is liumped in consequence of the

great development of several of the neui-al spines ; the European Bison* (Bison

europwus) is now almost exterminated (only persisting in Lithuania and the

Caucasus)
;
formerly it was widely distributed throughout Central Em-ope. The

nearly allied American species (B. americanus, " Buffalo ") was common in large

herds in North America some time ago, but is now rai'ely seen. The Buffalos
(Bubalus) are distinguished by the homs, which are veiy flat at the base, and

sometimes almost touch in the median line ; they are poorly covered with hair ;

beasts of burden, of which, among others, a tame species descended from an

Indian foiTu (Buh. vulgaris), is kept in South Em-ope.

Order 6. Pro"boSCidea [Blephants).

Existing Elephants {Elephas) are large, bulky, long-

legged animals, vpith. little liair. The feet, including the metacarpals

Fig. 408. Skeleton of a Mastodon.—After Gaudry.

or metatarsals are short, and each has five toes bearing short hoofs
; t

there is a large sole ventral to the toes, which are enclosed in a

* The name Aurochs is used for this as weU as for Bos primigcniu?.

j- Hoofs may be absent from one or two digits.
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common membrane. Tlie snout is produced into a long trunk,
bearing- tlie nares and, in the Indian Elephant, a finger-like process

at the tip; it is a pi*ehensile organ, and conveys food (plants) to the

mouth ; water is sucked up into it and squirted into the mouth,

towards which the tip can be directed. The pinnfB are large

dependent flaps. The mammae (two) are close to the forelegs. The

head is borne upon a short thick neck, and is of colossal size;

the cranium small ; extensive air sacs in the bones of the head.

Incisors absent from the lower, one on each side in the upper

jaw; this, in the males especially, is modified to form a long tusk

which is curved forwards, and is practically devoid of enamel; it

projects some distance from the mouth, and grows continuously

throughout life. Canines are absent. The molars are large, with

high crowns and short roots ; the crown is made up of a varying

number of compressed transverse plates coated with enamel, and

A B 0

Fig. 409. Molar teeth in longitudinal section. A, B different species of Mastodon, C
Elephant

; diagrammatic, cement removed ; cl dentine, e enamel, k pulp cavity, r root.
Orig.

bound together with an abundant supply of cement. There is

never more than one, or at most, two, teeth in use at the same time
in each half of the jaw : as one tooth is worn away another comes
forward and gradually takes its place ; the anterior end comes into
use, whilst the posterior part is still within the jaw : it is therefore
worn away first, so that at last only the posterior end remains.
Altogether six molars appear in this way on each side ; the first to
arise being the smallest."^ There are only two living species : the
Indian Elephant {E. indicus), with the molar-plates numerous and
much compressed ; with relatively small pinna3 ; it is both wild and

* The six molars of the Elephant are : dp^, dp\ m^, m-,
; the premolars ar

wanting in living forms, but rudiments occur in an extinct species, and also i

Mastodon.
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domesticated : tlie A f r i c a n E 1 e h a n t {E. africanvft) , with fewer,
thicker phites ; and vei'y large ears.

The extinct forms are numerous. The M a m ra o t h primigenius), from
the Quai-teraaries of Siberia and Europe, ap-
proached the Indian Elephant in build, but
had a thick coat of hair to fit it for the raw
climate. The Mastodons were aberrant forms,
with several molars in use at once; the molar
ridges are few, and not connected by cement.
Someforms had a large incisor in the m andi bu lar
ramus turned foi-wards and downwards; they
also had upper incisors like those of the Elephant.
The two genera, Mastodon and Elephas, are closely

connected by their outljdng forms : Tertiary. The
Miocene genus, Dinotherium, had relatively small
molars, like those of the Tapir ; the upper incisors

were absent, but ;in each jaw there is a single

downwardly-directed incisor.

The genus Dinoceras, recalls the Elephants in

size and form, and is associated with them : it

differs, however, in many respects ; there are no
incisors in the premaxilla (six in the lower jaw), but there are very large upper
canines ; the molars are small : Miocene of North America.

Pig. 410
thei-iiim.

Skull of Dino-

Order 7. Sirenia (iSea Cows).

The Sirenia, a small group of marine Mammalia, were formerly

classed with the Whales
;
they have, however, absolutely no connection

with them. The resemblance in certain structural points, is to be

regarded as dependent upon adaptations to a similar mode of life.

In some respects this group recalls the Ungnlata.

The body has a sparse covering of bristles. The head is borne upon

a very short neck, but is well marked off from the trunk ; the nares

lie at the end of the snout ; the lips are large and thick
;
pinnee are

absent. The trunk passes gradually iuto a powerful tail, at the end of

which there is a large horizontal fold of skin on each side, the two

folds together forming the " caudal fin." The fore limbs are short

and fin-like, with the digits enclosed in a common membrane; the

thumbs are rudimentary ; the others, three-jointed (in contradistinc-

tion to the Whales) ; the arm is not movable at the shoulder only,

as in Whales, but also at the elbow ; in the Manatee, rudimentary

hoof-like nails occur. Hind limbs are altogether Avanting in all

living Sirenia, and the pelvis is vestigial ; but in the Miocene genus,

Halitheriam, traces of the hind limbs in the form of rudimentary

femxirs have been found ; the two mammas lie between the fore limbs.

In young forms, upper and lower incisors are present, but they

usually fall out, so that the adult is edentulous anteriorly; in the

male Dugong alone, a pair of upper incisors develops iuto tusks ; in



CJasfi G. Mammalia. Order 7. Sirenia. 513

the females they are never cut, but a horny plate covers the jaw

above and below; canines are absent; the molars are small with

transverse ridges ; the Manatee has about ten in each half of the jaw,

the Dngong fewer : the stomach is complicated in structure."'^

The Sirenia are herbivorous and feed upon algfe; they are of

considerable size (existing forms 3 m. to 5 m.), and are found on sea

coasts and in rivers. The only representatives now living are the

Manatee (Manatus), on the Atlantic coasts of Africa and America

(and the adjacent rivers) ; and the Dugong {Halicore dugong), in

the Indian Ocean. The gigantic^ edentulous Rhytina, SteUer^s
Cow {Rhytina stelleri), is now exterminated. Until the last century

it was found in the North Pacific.

Order 8. Carnivora.

The Carnivora constitute a large group, including numerous genera

and species, which exhibit great diversity both in structure and also

in habits ; certain characteristic features run through the whole

group, and all the members are reducible to a common type.
This is particularly evident with regard to the dentition,

which is most easily comprehended if that of the D o g is considered

first ; for that of other members of the group may be regarded as

Fig. 411. Fig. 412.

Fig. 411. The teeth of the permanent dentition of the left half of the skull of a Dog,
and the milk dentition of the same, the latter shaded.—Orig.

Fig. 412. The same of a Cat.—Orig.

variously modified from it. There are, then, on each side of the

upper jaw of the Dog, three incisors (of which the third and outer-

most is larger than the others), one conical curved canine and six

molars (four premolars and two molars) . The three anterior upper

* With regard to the skeleton it may be noticed that the lower jaw is very large
and heavy, very unlike that of the Whale's, and this is true also for the rest of the
skuU,

L L
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premolars may be termed iuterdigitating teeth (for they usually

interlock with those of the lower jaw), each has a compressed

triangular pointed crown, and one or two smaller cusps on the

posterior edge of the triangle, the anterior one being the smallest.

The fourth premolar (p'^), the sectorial or carnassial tooth,
is similarly compressed ; behind the apex there is a narrow notch in

the edge; and on the inner side a small tubercle: next to the

sectorial there follow two broad trituberculate teeth
{m} and w~), of which the anterior is the larger. The incisors and

canines of the lower jaw are like those of the upper ; there are,

however, seven molnrs {p4<, mS), the first four resembling the

iuterdigitating teeth ; the fifth {I'n}), the largest tooth of the lower jaw,

is something like the fourth premolar of the upper, and is also

termed a sectorial; its anterior portion, which is situated below

the upper sectorial, is compressed and provided with two cusps, of

which the posterior is

a little higher than

the anterior, whilst

the small posterior

portion of the tooth

is low and tubercu-

late. The last two

molars (7/1^ and m^)

are tritubercular,

like those of the upper

jaw, but are smaller.

The modification

of the dental system

occurring in other

B

C

D

J?

F

G

Carnivora

partly
reduction

tends

towards a

of the

molar series proceed-

ing from both ends,

partly to a hyper-

trophy either of the

tubercular or of

the sectorial portion,

whilst the incisors

and canines as regards

number and form are

practically the same

in all. To give examples of this : in the C at (Fig. 412), the dentition

is degenerate as compared with that of the Dog ; of the six upper

molars of the latter, the first and the last have disappeared, and of

the four remaining, the first and the last are almost rudimentary ;
as

Fig. 413.

of: A Dog,
The teetli of the left half of the upper jaws

B Bear, C Marten, D Badger, E Viverid

(Herpestes), F Hyaena, 0 Lion. The chief point to notice is

the great development of the tubercular portion (m'—m^) in

B and D, and the degeneration of this in —Orig.
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to the seven lower molars, both the first two and the last two are

absent. The tubercular part of the series is almost completely

atrophied, for not only are the molars (with the exception of the

rudimentary one of the upper jaw) absent, but the tubercular part

of the lower sectorial has also disappeared. In Bears, the opposite

extreme is reached ; the tubercular teeth are all present, and like the

posterior (tubercular) portion of the lower sectorial, extraordinarily

well developed, whilst the first three premolars are small, and some

fall out with maturity. For other groups see the special descriptions

and Fig. 413.

The milk dentitions are still more nearly coincident, since with one

exception (see below), three premolars are present in each jaw, viz,, the second,

third, and fourth ; the second upper interdigitates with the second and third

lower, the thii-d is exactly like the upper permanent sectorial, the fourth in the

upper jaw is a tubercular tooth, in the lower jaw, a sectorial.* It is remark-

able that the sectorial of the permanent dentition does not occupy the

same position as does the milk sectorial, but in both upper and lower jaws, is

one place fiu-ther back. Only where the number of premolars is less than
three (in the lower jaw of the Cat), is the number of milk molars less than the

typical number ; the milk molar coiTesponding with the absent premolar (the

second) is then also wanting.

The last phalanx of each toe bears a claw which is often much
curved and can be turned upwards by means of an elastic ligament

passing from its phalanx to the penultimate ; so that in some animals

{e.g., the Cat) it does not touch the ground in walking (retractile

claws). The first digit is usually smaller than the others, and is

frequently absent from the hind limb. These animals are either

plantigrade, or digitigrade. The clavicle is poorly developed or

absent. Placentation zonary. In many forms there are, in the

region of the anus, glands or glandular pits, whose secretion has an
offensive odour.

Most of the Carnivora are of medium size, and feed either upon
other animals, or upon plants (succulent roots, berries, etc.). They
occur all the world over (with the exception of Australia), and are
most abundant in the Tropics.

The Camivora form three large natural groups, one of which (Cynoidea)
includes the Dogs, another (Arctoidea) the Bears, Raccoons and Martens, a third
{Mluroidea) the Cats, Yiverras, and Hyaenas. The differentiation is shown chiefly
in numerous minute points in the skull, a full accoimt of which would, however
involve so much detail, that this bare statement must suffice.

1. The Dog Family {Canidx). 2? |, m f ; the tubercular portions of the
molars are of medium strength. Head long, tail long, legs long, with five toes
in front, four behind; digitigrade. To this family belong the Fox (Canis
vulpes), the Polar Foxf (0. lagopus), both with perpendicular pupils; the
latter an inhabitant of the Ai'ctic regions: the "Wolf (C. lupus), with round

* In the milk dentition of Carnivora there is therefore the same number of
tubercular teeth as in the peiinanent dentition of the Cat, ie

,

t In the Fox there are usually m |.

L L 2
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pupil
;

in Europe, North Asia and North America, exterminated in England :

the Jackal (C. ((wrevts), nearly allied to the Wolf ; in Asia, North Africa, and
the Balkan Peninsula: the Domestic Dog (C. familiaris) probably a
descendant of the Jackal or its naer relations. An isolated canine foi-m, the
genus IcMcyon of Brazil, is distinguished by the possession of m I only, in other
respects, near to the rest of the Canidte. Another, the South Afi-ican Otocyon
caffer has very large pinnae ; and is vulpine, with a pointed nose, and with more
than the typical number of molars, viz. p -J,

m ^.

2. The Bear family
(
Ursidas). p^,m^; tubercular region of the molar

series principally developed, sectorial portion degenerate (usually some of the
premolars are absent from tbe adult). Elongate head, veiy short tail ; each
foot has five toes armed with very strong claws; plantigi-ade ; animals of con-
siderable size, feeding chiefly upon plants. Here belong: the Common
Bear {Ursus arctos), which occiirs on the continent, e.g., in Switzerland,
Hungary, Russia, Scandinavia ; it hibernates : the American Black Bear
(Z7. amerioanus) in North America, where is also the Grizzly Bear
(Z7. cinere^^s) : the Sloth Bear (Z7. lahiatus) of India, with very projecting

lips, and unusiially long claws ; the incisors are generally lost eai-ly : the Polar
Bear (Z7. maritimus), white, with hairy soles, belongs to the Arctic regions.

The Quaternary Cave Bear(Z7. spelnms) was larger than living forms; its

remains are freqiiently met vrith in tlie bone caves of Europe.

3. Raccoons {Procyonidse). p |, ?n, f ; tubercular portion of the molar
series not so pronounced as in the Bears ; bead longish, tail long, five toes on
each foot ;

jslantigrade ; small forms ; omnivorous. Here belong the Washing
Racoon {Procyon) and the Coatimondi (Nasua) ; both in America.

4. The Marten family (ilfztsfeKcZa?). j? ^
"'' *

, m ^ ; in some, tbe camassial

region of the molar series {i.e., the interdigitating teeth, tbe sectorial of the

upper jaw, the anterior portion of the lower sectorial) ; in others, the tiibercular

portion, is most pronoimced. The tail is usually well- developed
;

legs short,

five toes, digitigrade or plantigrade.

(a) Martens [Mustela). Small, very elongate, thin forms, prey chiefly

upon wann-blooded Vertebrates ; digitigrade ; tubercular region rather small.

The following occur in Eiu-ope : the Pine - mar ten {M. foina), a large species

with white tbroat : the Polecat {M. putorius), brown ; the Ferret
{M. furo) is a paler, degenerate, domesticated breed of the Polecat : the

Ermine {M. erminea), becomes white in winter; the short-tailed Weazel
{M. vulgaris), the smallest species, occurs in the British Isles : the European
Mink {M. lutreola), of the size of the Polecat, is uniformly brown, and has

webbed toes ; it is aquatic, and common in Russia ; it recalls the Otter. The

Sable {M. zibellina) of Siberia, stands near the Pine-marten. Allied to the

Martens, but larger and clvmisiei', is the Glutton {Gulo horealis), with a very

short, bushy tail, plantigrade ; in Scandinavia, Russia, Siberia, North America.

(6) The Otters (Lutra) are larger, and characterised by the long, powerfiil

tail, webbed toes, blunt nose, and very short pinnae. They ai"e e.Ktremely good

swimmers, and feed upon fish. The Common Otter {L. vulgaris) of Britain

and other parts of EurojDe, inhabits fresh water as well as the sea. Allied to it

is the Sea Otter {Enhydra marina), with i f ; the hind limbs resemble those of

Seals : on the coasts of the North Pacific.

(c) Badgers {Meles taxun), characterised by the great deA'elopment of the

molars, and of the hinder portion of the lower sectorial ; plantigrade forms, with

strong digging claws on the fore limbs ; omnivorous. The Skunks (Mephitis)

are allied to the Badgers, and occm- in North and South America, Africa, and

Asia Minor,
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5. The Civet Family (Viverridie). p ^, m | ; sectorial portion of the

molar series preponderatingly developed. Small animals, resembling the

Martens, with elongate Ijody and short legs. In the warmer parts of the Old

World. The following may be noted : the Civet Oat (Viverra), one species

of which, the Genet (F. genetta), inliabits Sonth Eiu-ope and Noi-th Africa;

and the Mongoose (Horpestes ichneumon), of Africa and India.

6. The Hyasna Family (Hyuenidx). pi mi Large, long-legged,

wolf-like, fairly long-tailed animals
;
digitigrade. In the Old "World, The species

of the genus Hynma are cavrion feeders; the genns Proteles of South Africa,

with very feeble, small, cusped molars, preys chiefly upon lambs.

7. The Oat Family {Felidip). p f, m i
; tubercular poi-tion of the molar

series rudimentary. Slim, elongate animals, with roundish head, long tail ; four

toes on the hind foot, very much cui'ved, compressed and pointed claws
;
digiti-

grade; feed almost entirely on warm-blooded animals. The Lion (Felis leo), of

a imiform, tawny colom* ; male with mane
;
Africa, "West Asia, foimerly in South-

East Europe : the extinct (Quarternary) Cave Lion, (jP. speh'.a), is a near rela-

tive. The Tiger (F. iigris), with transverse stripes; Asia. The Jaguar
[F. onca), in the Southern districts of America ; and the Leopard or Panther
{F. parchis) of which there are several varieties in Africa and Southern Asia,

large, with circular spots. The Puma or Cougar {F. concolor) of median
size and imiform colour ; in South America and in most of North America (the

" Panther " of the Americans). Smaller forms are: the Tiger Cats, various

small spotted forms {F. tigrina and others); the "Wild Cats {F. catus), in

Central and South Eiu-ope, similar in colour to the grey Domestic- Oat, hut

shoi-ter tailed; the Domestic Cat {F. domestica), which is apparently a

descendant of the Nubian Wild Cat (F. manicidata). The following are

abeiTant forms : the Gueparde {F. [C^jnailurus] jubata), a large-spotted, long-

legged form with claws less retractile than in other FeUdse ; Africa and Asia

;

may also be tamed: the Lynx {F. lynx or Lynx vulgaris) distinguished by its

long legs, short tail, and the pencils of hairs on its ears (in the Lynx the first

interdigitating tooth of other FeKdse is generally wanting, the dental formula

being |, m i)
;
Scandinavia, Russia, etc. ; formerly also in Germany. The

extinct Sabre-toothed Cats (Machxrodus) have p y^^, ni \, and thus

the molar series is still more degenerate than in living Cats, to which, in other

respects, they are allied : the canine of the upper jaw is exti-emely powerful and
very long. In another extinct group, the genus Dinictis, there is, on the other

hand, a larger number of teeth than in the living forms, one additional inter-

digitating tooth and a small tubercular tooth in the lower jaw (the teeth of the

upper jaw being as in Felis) : p ^, m ^.

Order 9. Pimiipedia.

Tlie Pinnipedia are nearly related to the preceding group, with
which they have many characters in common ; indeed they may be
regarded as Carnivora, which have been adapted to a marine life.

The limbs are short and broad and are turned back ; the proximal
part of the fore limb is concealed beneath the skin of the trunk, the

free portion bears a superficial resemblance to the pectoral tin of a
Fish : the hind limbs lie close to the trunk, with the tips of the feet

pointing backwards
;
they are enclosed for the greater part of their

length within the general skin; in the true Seals they are fixed in this

position, but in the Walrus and Eared Seals they may be turned so far
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forwards, that the animal can walk upon them. Each foot has five
digits provided with straight claws ; all are webbed, and the membrane
18 prolonged beyond the tips of the toes as a more or less well-
developed ridge of skin. The digits of the fore limb decrease in
length and strength from the first to the fifth (the first and second,
however, are about equally strong)

; on the hind limb the first and
fifth are stronger and usually also longer tha,n the other three; the
tail is short; the pinnis stnall or absent; the eyes large; the nares
mere slits, which close spontaneously by the elasticity of their walls,
but are opened by a muscular apparatus; the hair is usually close-
set, smooth, and sleek; with, sometimes, a thick covering of wool
below ; the new-born animal is generally covered with a woolly fur
which is sometimes shed before birth: the vibrissa} are very strong.
Below the skin there is a thick layer of adipose tissue (blubber).

Fig. 414. Fig. 415.

There are usually -| incisors (or a smaller number, rarely f) ;
they

are more conical than those of the Carnivora, and do not form a

continuous cutting edge in closing : the canines are usually feebler

than in Carnivora, but otherwise similar. Of the molars, p and

m -i, are usually present
;

they are practically all alike, usually

similar to the interdigitating teeth of the Carnivores or simple and

conical
;

tliey arc relatively feeble. The milk teeth are rudimentary,

they are either absorbed before, or shed quite soon after, birth.

It may also be mentioned tliat the liindermost portion of the skull is very

broad, whilst the interorbital region is usually much compressed. The lower jaw

is generally feeble
;
lachrymal bone and duct are absent ; the lachrymal gland

is small, the Harderian gland well developed : the placenta, as in the Carnivores,

is zonary.
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The Pinnipedia are of considerable size, sometimes even gigantic
;

they are marine (a few live in large lakes, e.g., the Caspian Sea),

moving with the greatest activity by means of the very flexible

posterior portion of the body, whilst the large, backwardly-directed,

hind feet function as the caudal fin of a fish. They usually come on

shore to rest, to breed, etc.
;
they are littoral forms, but can only move

slowly upon land. Eared! Seals and Walruses are able to walk on all

four legs; the true Seals hop along with great difficulty, arching

their backs and pushing themselves forward by means of the tail endj

they rest with the ventral surface on the ground ; the fore limbs are

not generally used in locomotion. The food consists of Fish and marine

Invertebrates (Crustacea, Mollusca). They are usually polygamous;

the males are frequently, as in many other polygamous animals, con-

siderably larger than the females. They belong principally to cold

and temperate regions.

1. Eared Seals (Otariidse). "With small pinnae; long neck; fore limbs

large
;
they can walk on the feet which are naked below ; there is a large

ridge on all fom- feet, lobed on the hind ones ; claws in part rudimentary

or very small (this holds for all the claws of the foi'e limb, and for the fii'st

and fifth of the hind, whilst that of the middle toe of the hind limb is well

developed). The males are always much larger than the females. This group

comes nearest to the Oai-nivora, and many of the characteristic peculiarities

of the Pinnipedia are not well marked. Among these are the so-called Sea-
Lions or Sea-Bears, whose skins afford the well-known sealskin.* They
inhabit the soutliern watei's of the South Hemisphere, and the northern regions

of the Pacific.

2. The Walrus {Tricliechus [Odohienus'] rosmarus) is devoid of pinnas,

but in most respects is closely allied to the Otariidse, though very peculiar

as regards the dentition. Like the Otariidse this animal can support itself

on its fins, which have large borders, the ventral surface of the feet is naked

;

the structm-e of the claw as in the Otariidse. The young animal has if, c i,

m |, but several of the teeth are small and soon fall out or are never cut, so

that the adult usually possesses the following functional teeth : i ^, c i, m f

.

The upper canine is a long tusk, and continues to grow throughout life ; the

other teeth are conical at first, but later worn right away. The Wah-us feeds

on bivalves, worms, etc., which it grabs up with its long tusks from the bottom
of the sea. Fairly large

;
indigenous to the Arctic regions.

3. True Seals {Phocidai). Pinnse wanting: neck short; fore limbs
small. The ventral sides of the feet ai'e hairy, and the limbs are absolutely
useless for walking ; border of the feet nan-ow ; claws for the most part well
developed. Chiefly in the Arctic regions.

(a) The genus Phoca with three iipper, two lower incisors, and compressed,
multitubercular molars. The Common Seal (Ph. vUiiUna), occasionally
the Riugjed or Marble Seal (Ph. fcetida), and the Greenland Seal
(P. (jreenlundica), occur on the shores of Britain. Allied to Phoca is tlie Grey
Seal {Halichoarus fjrypus), with conical molars, occurring on the shores of
Northern Em-ope, including Britain.

* The sealskin of commorce is deprived of the contoui- hairs, so that the woolly
fur alone remains

; and it has, therefore, a very different appearance from the fresh
skin.
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[b) The Hooded or Bladder -nose Seal (CyHtophora crintata), with

two upper, one lower incisor. The male is cliara<jterised by the possession

of a flexible proboscis, which it dilates when angry. Polar seas. The
Sea Elephants {C. prohoscidea) are somewhat similar forms. In the Indian

and Pacific Oceans, chiefly in the southern regions.

Order 10. Cetacea {Whales).

The Whales are superficially much more like Fish than Mammals
;

as they have beeu completely adapted to an exclusively marine

existence, for which they are much better

suited than are other marine Mammalia
(Pinnipedia, Sirenia)

.

The body is piscine in form and pointed

at both ends; head, trunk, and tail, are

evenly continuous; externally there is no

trace of a neck; the tail is compressed,

extraordinarily powerful for a Mammal,
and very muscular. There is a horizontal

tail fin, a broad, stiff, bilateral ex-

pansion of skin, at the end of the tail.

Dorsally, there is usually a short, upright,

compressed dermal process, the dorsal
fin. The skin is smooth and shiny

;

hair and skin glands are generally wanting

in the adult, at most there are a few hairs

in certain regions of the head, especially

near the edges of the mouth ;* the dermis

is very thick, and contains an extraordinary

amount of fat (blubber). Lips are absent.

The anterior limbs only are well developed

(for the rudimentary hind limbs see below) ;

they are modified into stiff, clawless plates,

only movable from the shoulder; the

fingers are enclosed in a common skin, and

their limits are not recognisable externally.

The nares open high upon the head, and

are often united into a single aperture

;

the eyes are small ; the external auditory

opening extremely small, and pinnte are

wanting. The mammillae, one on each side,

are situated in pits near the anus.

Fig. 416. Right anterior

appendage ofaPilotWhale.
H hvimerns, U radius, J7 ulna

;

8 scaphoid, t lunar, c cuneiform

;

t<L trapezoid, %i unciform ; J

—

IF first to fourth fingers, V fifth

metacarpal.—After Flower.

* Only some of the Mystacoceti (and a South American river dolphin/ma)

have hairs when adult. On the other hand, the embryos of aJinost
'^^

^^haks

(both Mystacoceti and Odontoceti) have a few hairs ; m the Odontoceti these only

occur above the upper jaw.
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The cervical region of the vertebral column is very short, but

consists of the usual seven vertebra, several of which are generally

fused ; sometimes, as in the Arctic Right Whale, they are all fused

Fig. 417.

Fig. 417. SkuU of a Dolphin (Delphinus) from the side. Decreased.—Orig.

Fig. 418. Skull of a Mystacocete {Balaena japonica), foetus. Decreased.—After

Eschricht.

G occipital condyle, Fr frontal, Ju jugal, L lachrymal, Mx maxilla, n naris, Na nasal,

oe exoccipital, Ofi supraoccipital, Pa parietal, Pal palatine, Pt pterygoid, Px premaxilla, 8q
squamosal, Ty tympanic bulla.

in the BaleenopteridEe and some Odontoceti, on the other hand,

they are all separate, the centra are flattened discs. Very few of

the ribs are attached to the short sternum. The lumbar region is

characterised by its great length; sacral vertebrae are not dis-

1
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tinguishable : the entire vertebral colnmn, with the exception of

the cervical region, is very flexible, the intervertebral discs thick.

The jaws are much elongated; the jugal in the Odontoceti is very

thin ; the nasal very short, often rudimentary (best developed in

the Mystacoceti) . The scapula without a spine; clavicles absent.

As was mentioned above, the bones of the fore limb are immovably
connected ; there are four or five fingers ; it is interesting to note

that some of these have more than three joints. There is

a vestigial pelvis in the form of two bones, one on each side, which

are neither connected with each other nor with the vertebral column

:

in some of the Mystacoceti rudiments of the hind limb, the femur

and tibia, are also present, but embedded in the muscle. Lachrymal

glands and ducts are absent, but the Harderian gland is present,

and, indeed, well developed, the secretion having a fatty consistency.

The nasal cavities are a pair of tubes, oblique in the Mysta-

coceti, almost perpendicular in the Odontoceti; in the Mystacoceti,

rudimentary turbinals and small olfactory nerves are present ; in the

Odontoceti the turbinals are wanting, whilst olfactory nerves may or

may not be present. In the Odontoceti the teeth are usually very

numerous, generally homodont and conical ; there is no replacement.

The Mystacoceti have teeth in the embryonic condition (similar in

form to those of the Odontoceti), but they are small and are never

cut. The baleen or

whalebone in the

mouths of these Whales,

consists of two longi-

tudinal rows of strong-

transverse folds of skin

depending perpendi-

cularly from the palate,

and covered Avith a well-

developed horny layer

which constitutes the

chief mass. The whale-

bone, therefore, is a

stiff three-cornered plate

of horn, which is, for the

most part, solid, but

has a cavity at the base,

wherein is the soft part,

consisting of connective

tissue and mucous mem-

brane. The whalebone

has three edges : a shorter, dorsal one, connected with the palate
;

an outer, smooth, straight one ; and an inner, oblique edge, which

is the longest of the three, and much frayed out; in the mner

Fig. 419. Diagframmatic transverse section of the

anterior portion of the head of a B al a e n o p t o r i d .

h cartilaf^o, corresponding' to the nasal sei)tnni of other

Mammalia ; ha whalebone, / grooves of tlic skin, i pro-

niaxilia, m maxilla, tii tongue, « mandible, v vomer.

—

After Yves Delage.
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portion there are several perpendicular notches reaching to the base.

The plates, of which the first and last of each row are the smallest, lie

fairly close together on each side, and fill up a large portion of the

buccal-cavity, in the middle of which, hoAvever, a space, triangular in

transverse section, persists. When the mouth is closed, the whalebone

is covered by the lower jaw: it serves as a filtering apparatus; the

Mystacoceti swim for some distance with the mouth gaping open, then

close it, and the water trickles out between the baleen, leaving the

contained organisms imprisoned by the fibrous inner edge of the

blades. The whalebone is to be regarded as extraordinarily well-

developed palatal ridges {see p. 487). The salivary glands are

rudimentary or absent, the stomach is complex. The larynx extends

forwards as a tubular prolongation, surrounded by the well-developed

soft palate ; thus a continuous passage between nosti-ils and trachea is

formed, on either side of which the food passes into the oesophagus.

The testes are retained in the abdominal cavity.

The Whales are almost all marine ; some few occur in rivers. Like

Fish, they move by undulations of the tail, and never voluntarily come

on to land. They are able to remain for considerable periods below

the water (half an hour or more). Their food consists chiefly of Fish

and marine Invertebrata. They frequent all seas, the large forms,

however, occur chiefly in the colder regions of the world. The largest

animals known belong to this group.

Sub-Order 1. MystaCOCeti {Whale-bone Whales).

Edentulous, but provided with whale-bone. Two external nares,

placed more anterioi^ly than in the Odontoceti. Only one pair of true

ribs. The skull is extraordinarily large and bilaterally symmetrical

;

nasals relatively well-developed. The Mystacoceti feed on various

small marine animals, which live in shoals (Buphausid^, Copepoda,

etc.)
;
many of the Batenoptera also feed upon small Fish. This sub-

order includes the largest Whales.

1. The Fin-wliales (Balxnopteridx). With dorsal fin. On the ventral

surface of the head and body, there are numerous deep longitudinal grooves.

Elongate animals, with relatively small head and shoi-t whalebone; naixow
pectoral fins. The Blue-whale or Sibb aid's Jb^in-whale {Balnenoptera

Sibbaldii), which attains a length of about .30 m. ; and the rather smaller

Rorqual {B. muscuhis), which, is abundant in North European seas, arc not

uncommon off British coasts. Both of these u,re the objects of a regular

fishery on the coasts of northern Norway. Tlie Lesser Fin- whale {B.

rostrata) is much smaller (the largest only 10 m.) and also occurs in the North
Atlantic. The very large Hump-back "Whale {Megaptera hoops), vsdth low
hump-like dorsal fins and with very long pectoral fins, is less elongate than
most other Balsenoptera ; a few have been taken off British coasts.

2. Balsenidse. No dorsal fin ; no ventral fui'rows
;
body less elongate

;

head relatively very large ; whalebone long and narrow
;
pectoral fins broad. The
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huge G re en land or Polar W h iile {Bah-iia myxf.icetuK), wip to 20 ui. lon;^
;

in Greenland, etc. ; now much reduced in numbers. B. bincuyemiis, very like the

Greenland form, occurs somewhat further south (in the North Atlantic).

Sub-Order 2. Odontoceti {Toothed fVhale^).

Furnislied with teetli, but no whalebone. External nares united,

to form a single aperture* situated dorsally and far back on the

head ; several true ribs. The face portion of the skull is distinctly

asymmeti'ical ; nasal bones rudimentary. Feed chiefly upon fish.

1. Dolphins (Delphinus) have a pointed, beak-like snout, marked off from

the forehead by a groove; numerous (twenty or more) small conical teeth in

each half of the jaw ; a high dorsal fin. Animals of about 3 m. long, several

species occur on British coasts. Allied is the S e a - h o g or Porpoise {Phocxna

communis), 1'5 m. long, with short blunt snout, compressed teeth (about

twenty-five in each half of the jaw) ; abundant in European seas. The Pilot-
whale or Black-whale (Globioceplialus melas), has teeth only in the anterior

\

Fig. 420. Sloill of a Pilot Whale, from the left side, mtli large mass of blubbur

lying upon the snout ; this ma&s is divided medianly. / blubber, h fii-m layer of connective

tissue below the epidermis, which is indicated by a thick black line, n nares, I air siuub

continued on from the nasal duct.—After Miu-ie.

portion of each jaw ; the head is thick and rounded in front, with quite a short

projecting pointed snout
;
up to 6 m. long. It is regularly caught off the Faroe

Islands, and is a frequent, though irregular, visitor to British coasts. It feeds

principally upon Cuttle-fish. The "Grampus" or "Killer"' {Orca gladiator).

somewhat larger than the Pilot-whale, with very high dorsal fin (whence it is

sometimes termed the Sword-fish), and about twelve powerful conical teeth m
each haH of the jaw; feeds upon Porpoises, Seals, and Fish; very widely dis-

tributed ; occurs on the west coasts of Britain.

2. Of the more aberrant Odontoceti may l)e mentioned, the

Cachalot or Sperm-whale {PInjseter viacrocephalus), n large fonn with

a huge head, on the flattened snout-like portion of which, there lies an immense

* In the Odontoceti, but not in the Mystacoceti, there are saccular outgrowths, both

from the short vmpaired and also from the upper portion of the paired external nasal

duct.
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mass of blubber* (jaelding spermaceti); strong, conical teeth in the lower,

ruclimentai-y, in the upper jaw. Widely distributed ;
stragglers have been caught

several times off the coasts of Britain. The Bottle-nose Whale {Hyper-

oodon rostratus), with narrow, pointed snout, and the head much arched behind

this; almost edentulous (only one larger and one smaller tooth anteriorly in

each half of the lower jaw ; besides this, several rudimentary teeth above and

below) ; in the North Atlantic, fairly abundant, e.g., off the Faroes, and one of

the most common Cetaceans; stranded on British shores. The Narwal
{Monodon monoceros) is characterised by the possession of a long, spirally-

tAvisted tnsk, which sticks straight out from the mouth on the left side ; in the

right side of the upper jaw, there is a similar, but much smaller tooth, which

remains within the bone ; there are no other teeth
; f in the female, both are

enclosed in the jaw. As an example of an Odontocete living in fresh water, the

Ganges Dol^jhin {Platanista gangetica), which jjossesses long, thin jaws

with numerous pointed teeth, may be mentioned ; the eyes are rudimentaiy, and

have no lens ; the skeleton is in many respects peculiar. The animal, which is

only 2 to 3 m. long, lives in the Ganges, Indus, etc. Two allied forms in rivers of

South America.

Order 11. Bruta {Edentata).

Tlie animals belonging to this group are peculiar in that the

teeth, when present, are imperfectly developed, and do not form

a continuous series
;

they are devoid of enamel, are usually all

approximately alike, and grow from jDersistent pulps : incisors are

absent (in one of the Dasypodid^ alone, the last incisor of the upper

jaw is present) : there is, as a rule, no replacement. The claws are

generally long, curved, and very powerful. A number of fairly

diverse forms belong to this order ; most of them are natives of hot

countries.

1. Sloths (Bradypodidie : genus Bradypus, etc.). The body is covered

with long coarse hair ; the head is round ; the piimaj very small
; ^ cylindi-ical

teeth ; fore longer than hind limbs ; three fingers (the second, third, and
fom-th), or only two (the second and third) ; on the hind limbs there are always

thi'ee toes (second, third, and foiu-th) ; both fingers and toes are enclosed in a

common skin up to the teiiuinal phalanx, which can be opposed to the palm or

sole ; the claws are falciform and extremely long and powerful ; tail rudi-

mentary ; exclusively arboreal, feeding upon leaves ; South and Central America.

2. The extinct Megatheria or Giant Sloths {Megatheriidce

:

genus Megatherium, Mtjlodon, etc.) occupy an approximately intermediate

position between the foregoing and the succeeding divisions, for they resemble

the Sloths in respect of the head and teeth, whilst the vertebral column, the limbs

;,^(of which the posterior are about the same length as the anterior) and the

long powerful tail are more like the coiTesponding parts in Myi-mecophaga.
They were herbivorous animals, generally of considerable size (the largest bigger

than the Rhinoceros), of extremely bulky structm-e, and with very massive bones
;

* In the same region of other Odontoceti, there is a thinner or thicker layer of
bhibber, which in, e.g., the Pilot Whale, is well developed, and gives the head its

arched form (Fig. 420).

t There may be a few rudimentary teeth in the upper jaw, posterior to the tusk.
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some had small bony knobs in tlie skin. The remains have been found in the
Quai-ternaiy strata in various parts of America.

3. Ant-eaters (Myrmecophaga) are covered with fine or coarse hair, the
head is more or less elongate, sometimes very long; teeth ai-e absent, the mouth
is very small, the tongue vermiform, the submaxillary glands of unusual length •

the third fingers are very large, with long falcifoma claws, the other fingers ai-e
smaller or even atrophied

; the animal rests upon the outer edge of the hand in
walking

;
the hind feet have four or five almost equal toes with powerful ckws

;

the tail is long. This group is insectivorous, feeding, e.g., upon Termites which
adhere to the long tongue by means of the sticky saliva : South America. The
Great Ant-eater (M. jiohata), with coarse hair and bushy tail, lives upon
the ground, whilst the other species are, for the most part, or exclusively, arboreal.
e.g., the Little or Two-toed Ant-eater {M. didactyla), which has a
short snout

;
fine, soft fur

; a prehensile tail ; and only two ckw-beai-ing digits on
each of the fore limbs.

4. Armadillos {Dasypodidse) axe characterised thi-oughout by a dorsal

covering of large flattened scales, like those of Reptiles ; these scales or

plates are separated from one another by grooves, the outer surface being very

homy, whilst within each scale there is a large ossification. They lie in several

transverse rows, separated by soft skin in the median region of the back, but

in front and behind they are close together ; hei'e the ossifications are firmlj'

fused, and this is also the case with those of each transverse row, so that the

back is covered by large bony shields in front and behind, and in the middle

with a varying number (three to twelve) of half hoops of bone. Thei-e are

similar scales on the dorsal side of the head, on the limbs, and on the tail, but

these are wanting from the hau-y ventral surface. The teeth are cylindi'ical, often

fairly numerous ; the head is long with well-developed pinnjB the legs short

with strong claws, The animal is plantigrade ; it is fossorial, essentially insec-
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tivoroiis, rather small or of medium size ; some forms can roll tliemselves up

:

South America and the southern parts of North America. Allied to them are

the extinct Glyptodons, in which all the dorsal plates were immovably

united to form a large, thick, arched coat of mail ; large portions of the vertebral

column were also fused
;
they were extremely clumsy animals and of consider-

able size. Quaternaiy of Soiith America.

5. The Cape Ant-eaters or Aardvarks (
Orycteropus) are animals

of fair size
;
sparsely haired ; with long snout and tongue ; small mouth

;
large

pinnae
;
powerful tail

;
strong, but not very long claws

;
possessing teeth : Africa.

6. Pangolins or Scaly Anteaters (Manis) are specially

characterised by having the dorsal region of the body covered with large,

very horny, imbricating scales, between which a few hairs appear. The head is

long
;
pinnge are absent ; the mouth is small and edentulous ; the tongue long ; the

tail is powerful ; claws long and falciform. Insectivorous and representing the

Ant-eaters (which they resemble in many respects) in the tropical regions of the

Old World.

Order 12. Rodentia {Rodents).

The Rodents are primarily characterised by the peculiar

dentition. Canines are absent; there is only a single
incisor in each side of the lower jaw, situated anteriorly and
close to its fellow ; there is usually also only one in the premaxilla,

placed as in the lower jaw ; the incisors are long and grow from
persistent pulps, they are almost quadrangular prisms and are

curved; the enamel only

covers the front and the

lateral edges, its surface is

sometimes reddish brown;
the free end of the tooth

is cut away obliquely like

a chisel. The upper incisors

have a greater curvature

than have the lower ones,

in both cases the portion

within the jaw extends far

back, in the lower usually

even to the most posterior

extremity below all the

molars. In the Leporidse

there is a smaller incisor

behind the large one in the

upper jaw ; it may also be
noticed that here the lower

incisor only extends back
as far as the front end of

the molar series (Pig. 422 A). There is always a large diastema
between the iucisors and molars : the molars exhibit a great

A

B

Fig. 422. Right ramus of the mandible, 4 of a
Rabbit, B of an Agouti, from the inner side. Sockets
of the incisors removed for tlieir whole length to
show the different lengths of the tooth. B gives the
usual rodent condition.—Orig.
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diversity of form; the crown is short and tuberculate; or furnished
witli low transverse ridges (Mouse, Rat) ; or each has two fangs, but
the crown is longer and is folded both from above downward and also
laterally

;
or again, the roots are quite short as compared with the

long ])licate crowns; lastly, they often grow from persistent pulps,
and iuv. provided on (iiich side witli dox^.p, pcn-pendicular folds

Dental Formulae.

which extend for some distance into the tooth, and are partially or

entirely filled with cement. On the grinding surface, therefore, there

are transverse or oblique stripes of enamel

with cement and dentine between. Occasion-

ally the molars with persistent pulps {cf., the

molars of Elephants) are even divided into a

series of perpendicular transverse plates with

cement between them. This variety in the

form of the teeth is correlated with a diversity

of habit. The molars with short crowns are

relatively little used, the others more or very

much. The number of teeth is greatest in

the Hares, p f-,
m |- ; in others it is more or

less reduced from the anterior end of the series ;
even, as may be seen

from the accompanying list, to the exclusion of all the premolars ;*

only from quite a few forms {e.g., the Australian rat, Hydromys,

belonging to the Muridae), one of the molars, namely, the last m^, is

also absent.

Whilst the articular facets for the lower jaw in most Mammalia
are in the form of transverse surfaces or pits, in most Rodents there

Hare .
• V

3
T' m 3

3

Pika . . • }}
2
"1"

}>
3
3

Squirrel . • }>

0

t" )}
3
3

Beaver . • })
1

1 }}
3.

3

Sminthus • }}
1

0 }}
3
3

Mouse . • })
0
0 }}

3
3

Australian

Rat ' >}
0
0 })

2
5"

* As the correspondinfx milk teeth are also generally absent, and as (with the

exception of the Hares) the incisors have no predecessors, there is absolutely no
replacement in forms destiti^te of premolars,
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is a longitudinal groove, so that the mandible possesses considerable

mobility from before backwards (in masticating, the lower jaw moves

backwards and forwards ; the enamel stripes upon the molar run in

the opposite direction, i.e., transversely). The feet are usually small

and bear claws, and the animals are generally plantigrade. The first

digits of the manus are rudimentary or absent, whilst the other

fingers and toes are usually all present. In several forms there are

internal cheek-pouches, outgrowths of the cheeks, connected with

the buccal cavity ; in some, in approximately the same position, there

are ingrowths of the skin covered with hairs (external cheek-

pouches).*

The Rodents are widely distributed and rich in species, includ-

ing for the most part small forms which are almost exclusively

herbivorous.

1. The Rabbit family {Leporidas). i |, w '^-f^,
the large upper

incisors are grooved, the molai-s are phcate and grow from persistent pulps. The

genus Lepus, with m 4, long pinnae
;

very short tail
;
long hind Hmbs ;t

comprises the Hare {L. J57itrojpa?Ms),J distributed throughout the greater part

of Eiu'ope: and the Polar or Variable Hare {L. timidus or variabilis),

in the Northern parts of Em-ope and Asia, in Ireland, the Alps and the Pyi-enees

;

it is white during winter in the colder regions .- also the shorter-legged bmTow-
ing Rabbit (I/. CMm"c2(Zits), indigenous to South Em-ope ; the Pika (Lagomys),

with m f ; short pinnae ; shorter limbs than the Hares ; ecaudate ; in Siberia and
North America.

2. The Squirrel family (SciuridaB). m ^. tuberculate or plicate; the

anterior molars of the upper jaw very small
;
poUex rudimentary ; tail hairy

:

the Squirrel (Sciurus vulgaris), with long, bushy tail; arboreal: the

Flying Squirrel {Pteromys), characterised by the possession of a patagium
between tlie fore and hind limbs (one European species, Ft. volans, in North
Russia). The Marmots (Arctomys) are fossorial, hibernating animals; they

are thick-set, with short pinnae and a short tail : there are two Eiuopean species,

the Alpine Marmot (A. marmota), and an allied foi-m, the Pouched
Marmot {SpermopMliis citillus) of East Europe. Allied to the Squirrels is

the Beaver {Castor fiber), a fair-sized animal with f plicate molars; short

ears
;
large, flattened, scaly tail ; and webbed toes on the hind feet : they are

excellent swimmers and diggers, and feed upon bark. Beavers were formerly

abundant in the British Isles, but are now quite extinct
; they occur on the

Continent, and are, for instance, sthl fairly abundant in the Elbe : an allied

species (C. canadensis) occTirs in North America.

3. Dormice (Myoxidx). M ^, with transverse bands of enamel; pollex

rudimentary ; tail long and hairy : superficially^ they somewhat resemble Sqiurrels

or Mice. The small, mouse-like Common Dormouse {M. avellanarius)

* In the maxillae of Mammals generally, there is a shorter or longer canal, the
canalis infraorhitalis, through which a large nerve (the maxillary branch of the
trigeminus) runs. The canal opens in front of the orbit by a perforation termed the
infraorbital foramen. In the Rodents the infraorbital canal is quite short, and
usually very wide, and a portion of the masseter muscle passes through it.

t The soles of the feet appear to have a complete covering of hair, but as a matter
of fact there are small, naked, plantar cushions, which are, however, covered by the
hair of adjacent regions.

X In many books this is incorrectly termed L. timidus.

M M
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occurs in Britain, and is widely distributed over tiie Continent. Several other
species are met with in soutlieru, or southern and eastern Europe : the Squirrel-
tailed Dormouse {M. glis), the largest species : the Garden Dormouse
{M. nitela): the Tree Dormouse {M. dryan). Allied is the Sminthu^
betuKnus or vuf/as, in Noi-th and East Europe, very like a Mouse extenially. witli

m |. The Sminthus is closely allied to the Jerboa (Diiyiix), which is chiefly

characterised by the great length of the hind foot ; tliis especially affects the
second to the fourth metatarsals, which are fused (the first to the fifth toes are
small or absent) ; the animals hop ahmg, stepping only upon the second, third,

and fourth toes of the hind foot ; the tail is long, -vvith a tuft of hairs at the end :

desert animals ; South Russia, Asia, Africa. Also allied to the Sminthus is the
blind, earless, and tailless Mole-rat (Spalax typhhta), -whone habits are some-
what similar to those of the Mole; South-East Europe (e.g.. South Russia) and
Western Asia.

4. M o u s e F am i 1 y (Miiridu;). M (occasionally ^ , cf., p. .528)
;
very varied

in structure ; tail longer or shorter, scaly
;
pollex rudimentary. Usually of small

size.

(a) Rats and Mice (MiLt). Molars tubei-culate, Avith shoi-t cro-ivns and
with roots ; tail long, slightly hauy

;
puinaj fairly well developed. In England

occur: the Wood Moiise, or Long-tailed Field Mouse (M. sylvaticus),

tind the Harvest Mouse (M. minutus) -. the following have invaded and live in

human dwellings: the House Moiise {M. niunculus). the Black Rat (M.

rattiis), now rare, having been almost completely exterminated by the more
recent immigrant, the Brown Rat {M. decumanus). Allied to the Mice is the

brightly-coloured Hamster {Cricetus frumentarius), with cheek pouches and
short tail ; somewhat larger than a Rat : Central Eui'ope.

(&) Field Mice (Arvicola). Molars long, growing from persistent pulps,

with deep grooves on each side (gTindiug surface with loops of enamel) ; occasion-

ally there are short roots ; tail shorter and more hairy than in the Mice
;
pinna'

shoi-t. They buiTow in the ground, and are more exclusively herbivorous

(feeding upon roots, bark, etc.) than the true Mice. The following species

occur in England: the Bank-vole (.4. f/Z« reoZa), which affords a transition to

true Mice ; the molars with short roots
;
pinna! and tail somewhat longer than in

the rest: the Field Mouse (A. agrestia and ai-valis) : the Water Rat
(A. amphibius) ; the latter is the size of a Brown Rat, the others about as large

as the House Mice. Closely allied is the Lemming (Myodes lemtnus), with very

short tail, and strong claws on the fore limbs ; Scandinavia : famed on accoimt of

its migrations. Another foi-m allied to the Field Mice is the Musquash or

Musk Rat (Fiber zibethicus), with long, compressed tail; the toes with stili'

hairs at the edges
;
furry animals of fairly large size, inhabiting northern

North America, and by their mode of life recalling the Beaver.

5. Hystricomorpha, a group consisting of numerous forms, differing very

much externally, but agreeing chiefly in the characteristics of the skull.* Molars

[ . banded, with roots, or growing from persistent pulps.

(«) The Coypu [Myopoiamus coypu). an aquatic animal of beaver-like

appearance, but smaller, and with a rounded tail ; the toes of the hind foot are

webbed ; South America.

(b) Porcupines (Hystricidw), chamcterised b}^ the modification of some

of the hairs into stiff spines, often of enormous thickness and cousider,ible

length; animals of considerable size. The Common Porcupine (Hy.stri.>-

cristata), in South Europe ; lives in holes in the gi-ound; tail short. In America,

there are various arboreal forms, (Cercolabes) with prehensile tiiils.

* E.g., the infraorbital foramen is huge, and tlic iiiiuidibli- is ]>o( uliar in form.
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(c) S 11 b 11 n g u 1 a t a . Olaws short, hoof-like, legs for the most part long,

usually digitigrade ; the number of toes on the hind foot varies ;
forefoot, with

four well-developed digits, and with or without a rudimentary pollex ; tail small

or absent: all in South or Central America. The Pacas (Coelogenys paca)

with five toes: the Agoutis (Dasyprocta) : the Guinea-pig (Cavia

cobaya) : the Oapybara {Hydrochmrus capybara) ; all with three toes; the

last-named is the largest of all living Rodents; in South American rivers.

Order 13. ProsimiaB {Lemurs).

As in the Apes, with which the Lemurs were formerly grouped,

the first digit on both fore and hind hmbs is separated from the

others, and is opposable. On the hind foot, usually only the second

toe has a claw, the other fingers and toes are provided with flat
nails. The fore limbs are shorter than the hind. Of teeth, there

are at most i\, c
-f, p |-, m f; often, however, the number is smaller.

The upper incisors are generally small, and there is usually a median
diastema; the lower incisors and canines are all alike, narrow and
directed obliquely for-

wards ; the upper canines 2

are caniniform ; all the

premolars (or the anterior

ones alone) are compressed

and triangular (the first of

the lower jaw is canini-

form) ; the other molars

tubercular, or each with

two transverse ridges.

Most of the Lemurs

are very hairy, many have

long tails. The skeleton

differs in many respects

from that of Apes ; for

instance, the orbit is in-

complete behind, and as

in other Mammalia, remains

in widely open communi-

cation with the temporal

fossa (there is, however, as

in various other Mammals,
a closed ring of bone round

the orbit) ; the rami of the

mandible are usually sepa-

rate; the facial region of

the skull is larger in proportion to the cranial part than in
most Monkeys. The uterus has two long horns (uterus bicornis).

There is a pair of thoracic, sometimes also a pair of abdominal,

M M 2

Pisr. 424. Left liind foot of a Maki, ventral
view. 1 first digit, 2 second ditto ('with claw).
Oriff.
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mammae. The Lemurs are arboreal animals feeding on fruits,
Insects, and small Vertebrates; and are usually nocturnal. They
occur only in the Old World, a considerable number in Madagascar.

1. TheMakis {Lemura). Muzzle pointed and vulpine ; tail long ; i ^, c •

,

m f ;
Madagascar. AUied to these are the Loris (Stenops), with short

muzzle
;
large eyes ; tail small or absent; India.

2. The T a r s i e r {Tarsius spectrum) characterised by the great elongation*
of some of the tarsals (calcaneum and navicular) so that the foot appears to
have a handle

;
broad soft pads below the tips of the toes ; toes two and three

with claws
;
tail long and tufted

; eyes huge. Nocturnal springing animals ; in
the Malay Ai-chipelago.

3. The Aye- Aye {Chiromys madagascariensis) is peculiar in sevei-al
respects. Anteriorly, both in upper and lower jaws, there is a large tooth
growing from a persistent pulp, which recalls the incisors of the Rodents ; that
in the upper jaw is an incisor, that in the lower apparently con-esponds with
the outermost forwardly du-ected tooth of other Lemurs, i.e., seems to be a canine
(therefore the following may be given as the dental formula: i i, c a, ±)_

Hallux with nail, all the other digits with claws ; the thii-d finger exceptionally
thin (used for pulling Insects out of holes or crevices)

; Madagascar.

Order 14. Primates.

In the members of this order, Monkeys and Man, both p o 1 1 e x
and hallux are separated from the rest of the digits, and are more
freely movable than the latter, being usually more or less perfectly

opposable, so that the limbs may serve as organs of prehension ; the

hallux in particular is usually free and movable (except in Man) . As
a rule all the digits are furnished with rather feebly arched nails.

The facial region is generally short and small in comparison with that

of other Mammals, and with the cranium. There is usually not much
hair on the face. The eyes look forwards, and are placed close

together. Unlike all other Mammals, the orbit is separated from the

temporal fossa by a bony transverse septum (consisting of portions of

the jugal, the frontal, and the alisphenoid) . The teeth of the

upper and lower jaw are similar, both as regards number and

structure ; in each half of the jaw there are two chisel-shaped incisors,

one canine of the usual form, two or three premolars, and, as a rule,

three (occasionally two) molars ; all the molars are tuberculate, and

have short crowns. There are always two mammse only, and these

are thoracic. Of other characters it may be noticed that the anterior

cornua of the hyoid are shorter than the posterior, and that the hyoid

is not directly connected with the skull. The uterus is simplex.

The Primates are, for the most part, essentially adapted to an

arboreal life
;
many of them can, however, move along the ground

* Such an elongation of the ankle is almost unique among Mammalia ; in some

allied Lemurs there is, however, an appi-oach to this condition. (Cf. the tarsus of the

Anura.)
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with ease, using all four limbs, the whole of the foot or hand resting

upon the ground. In Man alone the hind limbs exclusively are used,

and are very strongly developed for terrestrial locomotion. They are

almost all tropical animals, feeding principally upon fruit.

Hallux capable of

considerable movement.

Hind limbs little or no

stronger than the fore.

PlatyrrhinsB

y_
Catarrhinae

Hallux only capable f

of slight movement,
j

Hind limbs extraordin-

arily well-developed.
1^

A n t h r o p i d 86

Distance between theexternal

nares fairly large. Extei-nal

auditory meatus unossified. A
small foramen in the septum

between the orbit and the tem-

poral fossa.

Distance between the nares

small. External auditory

meatus partially ossified. No
foramen in the septum between

the orbit and the temporal

fossa, p f.

Sub-Order 1. PlatyrrhinsB.

The external nares are separated by a broad membranous bridge.

Three premolars are present both above and below ; usual dental

formula : i
I,

c \, jp ^, m ^. No portion of the external auditory

meatus ossified. In the posterior border of the jugal there is a tiny

perforation of the septum between the orbit and the temporal fossa,

i.e., the septum is not quite complete. Cgecum relatively large.

Cheek-pouches and ischial callosities absent. Fore limbs usually

somewhat shorter than hind. Tail well developed, sometimes pre-

hensile. Confined to South and Central America.

1. Sapajous or Capuchin Monkeys (Cebus) have a long tail covered with hair,

and capable of being rolled up like a watch spring and coiled round branches of

trees. In the Howling Monkeys (M^jcetes) the tail is very powerful, its

tip is naked on the ventral side and sensory, and it is developed as an organ of

attachment (the animal can even hang by it alone), i.e., is a genuine prehensile
tail; the hyoid is large and hollowed out to receive an outgrowth of the larynx.

The Spider Monkeys (Ateles), with similar tails, are characterised by the

mdimentary natm-e or absence of the pollex.

2. The Marmosets {Hapalidw) have a flattened nail only on the hallux;

on all the other digits on the contrary, the nails are so much arched as to be
claw-like. This small group may also be distinguished from other PlatyiThines

in that to -| only are present. The tail is haiiy, and cannot be coiled up-; the
pollex has but little power of independent movement. In other respects the
Hapalidse come near to the other PlatyiThines.

Sub-Order 2. CatarrhinsB.

The external nares are close together. Two premolars (dental

formula always: i f, c |, p f, m |). Proximal portion of the
external auditory meatus ossified over a considerable extent.
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No perforation in the septum between the orbit and the temporal
fossa. Ctecum small. Cheek-pouches frequently, ischial callosities

usually present; tail never developed into an organ of prehension,

often absent. Occur exclusively in the Old World.

1. Cynomorphae. Below each of the thick, broad ischia, there is a naked
coloured portion of the skin, an ischial callosity. Nails relatively much
arched. Tail usually present. Hind somewhat longer than fore limbs. Cheek
pouches usually present. External nicisor of the lower jaw nan-ower than (or

the same breadth as) the inner ; first molar of the lower jaw with four tubercles.

The thorax compressed (as is usual in the Mammalia) ; the manubrium of the

sternum broad, the rest very narrow. Pelvis long and nan-ow ; the symphysis
(the line of junction of the two halves) long, the ilia long and nan-ow. The
sacrum consists of t h r e e vei-tebrse.

. (a) Cercopithecidie. Tail long ; muzzle short ; cheek pouches present

;

several African species. Closely allied is the M a g o t or B a r b a r y Macaque
(Inuus ecaudatus) ; with indimentary knob-like tail

;
occm-ring in North Africa

and Gibraltar (the only European Ape). The Baboons (Cynocephalus), dis-

tinguished from the Cevcopithecidaj by the very long, canine muzzle; tail long or

short; cheek pouches present. They usually remain on the gi'ound, are only

occasionally seen in trees. Africa and Ai-ibia.

(b) Semnopithecidx, characterised by the absence of cheek pouches ; and
the division of the stomach into several sections (whilst in other Apes
it is simple). Amongst forms belonging here is S. nasicus, of Borneo,

with very long nose. Colobus, in which the pollex is wanting, is neai-ly aUied

;

Africa.

2. AnthroiJoid Apes {Anthropomorphse). Ischial callosities
absent or small. Nails arched in the Gibbons, more flattened in other fonns.

Gibbons well clothed with hair ; in the others, certain regions sparsely covered.

Tail absent (rudimentary caudal region of the vertebral column consisting of

foiu" or five small vertebrae) ; fore hmbs longer than hind ; no cheek
pouches; outer lower incisor broader than the inner, fii-st molar of the lower

jaw with five tubercles ; thorax broader than in the Cynomoi-phae
;
pelvis in

the Gibbons like that of the Cynomoi-phse ; in others, the iha are broader, the

symphysis is short ; the sacrum consists of five vertebrae.* The Anthropoid

Apes are more exclusively arboreal than are the other Catan-hinaj ; they do not

walk like ordinary Mammalia (as the Platyrrhinae do), but upon theh hind legs,

supporting themselves by the knuckles of the fore limbs, or they move in other

aberrant ways. The largest Monkeys belong here.

(a) Gibbons (Hijlobates) come nearest to the Cynomorphfe; they possess

small ischial callosities ; the nails are strongly arched ; and the pelvis is long and

narrow, like that of the Cynomorphae ; they are covered with tliick hau-, and

have extraordinarily long arms, which they swing as they walk on theu- hind

hmbs. Smaller than those following : several species in Asia.

(6) Orang-Utang {Pithecus satyr us). Head almost conically arched

above, face very projecting, nose flattened ; fore hmbs very long, reaching to the

ankles when the animal stands upright ; hand and foot long and narrow ;
hallux

fairly small; reddish brown; height up to I'S m. (measm-ed in the upright

position) : Sumatra and Borneo.

* In the Orang, the Chuupanzco, and the Gorilla (and in one of the Gibbons

Hylohates syndadylus) ,
just below the; skin, there are one or two large air sacs:

they proceed from the larynx, and extend on to the neck and thorax ;
they may IxJ

inflated with air and enormously expanded.
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(c) The Chimpanzee* (Simia troglodytes or Troglodytes niger) and the

Gorilla* {S. or T. gorilla) correspond in most points. The forehead slopes

back, the nose is broad and flat, but projects further than in the Orang ;
the

fore limbs also are shorter, the hands and feet broader, the hallux large and

well-developed ; both are black. The Gorilla attains a height of 1-7 m.; the

Chimpanzee is somewhat smaller. Both occiu- in the tropical parts of "West

Africa.

Sub-Ordev 3. AnthropidaB. {Man.)

In contrast to otlier Primates, the Anthropidffi are characterised

by the specialisation of the bind limbs as organs of loco-

in o t i 0 n adapted for supporting tbe body in an upright position

without assistance from the fore limbs. In correlation with this

they are veiy powerful, much longer than the fore limbs, and

extremely muscular. The hallux is but little more separated

from the other toes than these from one another,t possesses only

a slight power of independent movement and is not opposable ; it is

somewhat longer than^ or about equal in length to, the second digit,

or a very little shorter (in other Primates much shorter) ; the other

four toes are short, the metatarsus long. The pelvis is very short and

broad, the ilia in particular are very short, broad, and strongly curved

;

the symphysis is short. The fore limbs, which are very like those of

the Anthropoid Apes, are relatively weaker than in the latter
;
they

are extremely well developed as prehensile organs, but are of no

importance for the ordinary mode of locomotion. Another character-

istic point is the enormous development of the brain,J and the

consequent abnormal preponderance of the cranial capsule over the

slightly developed facial region : in other respects the structure of

the brain, even as regards points of detail, is very like that of the

Anthropoid Apes. Further peculiarities are the slight covering of

hair over the greater portion of the body; the small size of the canine

tooth ; and a feature which is closely connected with this^ the absence

of a diastema between the external incisor and the canine of the upper

jaw larger than between the other teeth (in other Primates the canine

of the lower jaw bites into this space)
;
lastly it must be mentioned

that the thoracic cavity is still broader and flatter than in the

Anthropoid Apes.

* Possibly several closely allied species are included imder each of these titles.

t The gap, however, is clearly deeper, and the distance between the hallux and the
second toe is greater than between the other toes ; still greater and more distinct in
the embryo and young child than in the adult.

X Man, however, does not possess the largest brain as compared with the whole
weight of the body ; even among the Primates, a relatively larger brain occurs in some
small forms (in one of the Hapalidse, the weight of the brain, when compared with that
of the whole body, is as 1 : 20, in Man it averages 1 : 40). On the other hand, the
brain of Man is m\ich larger than in any other animal of similar size (the brain of the
Oorilla, relatively to the weight of the body, is 1 : 200).

V
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For the rest, Man agrees in all the chief jjoints of structure witli
the Catarrhinte, particulai-ly with the Anthropomorpha3. This
coincidence obtains in all those characters by which the
Catarrhines are separated from the Platyrrhines : in the
position of the nares, the number of premolars (the dental
formula of the Anthropidae is identical with that of the Catarrhinte)

;

the ossified external auditory meatus; the absence of a foramen
in the septum between the orbital and the temporal fossae; the
small cEecum; etc. In particular the Anthropida; agree with the
Anthrop omorphte, especially the larger forms (Orang,
Chimpanzee, Gorilla), in the foliowing points: the absence of
ischial callosities, cheek pouches, and tail; there is a rudimentary
caudal region (consisting of four or five fused vertebrai); the nails
are flattened ; the external incisor of the lower jaw is broader than
the inner ; the first lower molar has five cusps ; the thoracic cavity is

broad; the sternum broad and flattened; the broad pelvis of the

large Anthropoids approaches that of Man ; the sacrum consists

in both of five vertebrae. There are also numerous other points of

agreement. On the whole this group stands extraordinarily close to

the Anthropoid Apes, the differences are almost all such as may be
attributed to the adaptation to an ujDright gait ; the great development
of the brain; and the relative weakness of some i^ortion of the

musculature, e.g., the jaw muscles. The intimate correspondence may
be to some extent masked by the development of subordinate parts

;

the skiTll of the Grorilla, for instance, which is more human than that

of any other Anthropoid, is at first sight very unlike that of Man, e.g.,

in the presence of projecting bony ridges, which are wanting here

;

but the appearance of these ridges is directly correlated with the great

development of the jaw and neck musculature,''^ whilst careful and
detailed consideration demonstrates the closest correspondence in most

points.

All Men are usually regarded as one species, Homo sapiens, divided into

a number of races. These differ, however, in some respects, quite as much as

do other species of many other groups of animals. They are considered to belong

to one species chiefly from their perfect fertility inter se (cf. p. 36), and this

often renders their division into races extremely difl&cult, for hybridisation has

occm-red to a great extent. The more detailed stxidy of the various races

constitutes, however, a special science, Ethnology, whose province must not be

trespassed upon here. It must, however, just be mentioned that certain races

come nearer to the Anthropoid Apes than others, although in no case is the

aj)proximation very close. The Negro Race, for instance, is distinguished

by the broad flat nose ;
projecting (strongly-developed) facial region ;

large teeth,

obliquely set incisors
;
receding chin

;
long, narrow thoracic cavity

;
deep narrow

pelvis
;
long digits : charactei's which as a whole lead back to the Apes.

* Among other nearly allied Mammalia such ridges may bt; present in one form,

ahs(?nt fi'om another (Badger. Mart(ui).
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Appendix to the Yebtebrata.

Tunicata (Sea-Srjmris).

The Tunicata are a small group of marine animals, whicli were

formerly usually regarded as Mollusca, or placed witli some other

division of the Invertebrata ;
only recently has it been demonstrated

that they are most nearly allied to the Yertebrata, a relationship

which is made specially clear by a consideration of their ontogeny.

In particular it has been shown that in early life at least they agree

with the Vertebrata in the possession of a notochord, and in the

position of the central nervous system, both fundamental

points. In spite of this, they are not,' however, incorporated with the

Vertebrates, but treated of in an appendix, because the majority

undergo so peculiar a metamorphosis that the Vertebrate characters

-77

A

B

Fig. 425. A diagram of one of the Ap p e ndi cul ar i a , viewed from the side,

stretched out straight. B ditto of an Ascidian larva, a amis, ch chorda, g
branchial chamber, m mouth, n brain, n' nerve cord, t gut.—Orig.

have completely disappeared in the adult, which has received an

entirely different impress : thus it is more convenient to consider

them separately.

It may also be noted liere that the Tunicata, like the true Yei-tebrata, do not

exhibit definite afl&nities with any of the Invertebrata.

Insight into the characteristics of this group is best attained by a

separate consideration of its various sub-divisions belonging to it.

The following general characteristics may, however, be noticed : the

skeleton is at best only represented by the uotochord, the

nervous system is feebly developed, so also are the sense
organs. The Tunicata are hermaphrodite, ovaries and testes

are continued directly into their ducts. Eeproduction by budding
frequently occurs.

The Appendicularia possess the simplest and most easily com-
prehended organisation. They are tiny, transparent, free-swinnning,

marine forms, with some resemblance to tadpoles. The body is
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divisible into a roundish t v u n k and a flattened tail, which is

folded on to the ventral side. The wall of the capacious pharynx is

perforated on eacli side by a ciliated aperture, the gill-slit, which
opens on to the surface ; the rest of the alimentary canal is short,

the anus is ventral. The notochord only occurs in the tail,

Avhere, hoAvever, it is well developed. The central nervous
system is represented by a cord swollen into a bulb (the brain)

dorsal to the pharynx, and provided with smaller swellings on the

rest of its course ; it is continued down the tail on the left side
of the notoch.ord, so that the tail is really laterally compressed

and has undergone a rotation of 90°. The simple heart lies below

the alimentary canal. An otocyst is present,

but eyes are wanting.
The simple Ascidians {i.e., those which

do not form colonies, genus Ascidia, etc.)

are apparently of quite a different structure.

They are barrel-shaped, round, or of some

other form, and, for the most part, gela-

tinous
;
they are fixed by one end or by one

side. At the free end two openings are

present; one of these, the mouth, leads

into a very roomy pharynx or branchial
sac, the walls of which are perforated by

numerous ciliated clefts ; these do not
lead directly on to the surface, but into

a large peribranchial cavity sur-

rounding the branchial sac, and communi-

cating with the exterior by the second

opening, the c 1 o a c a 1 a p e r tu r e. The

branchial sac is fused along one side with

the outer wall of the peribranchial cavity,

and along this line there is a longitudinal

furrow, the ventral furrow or

en do style, with lai'ge mucus-secreting

and ciliated cells
;
along the opposite side

runs a dorsal lamina, often con-

siderably folded, and connected anteriorly

with the endostyle by a ciliated band on

each side (the peripharyngeal bands). The

pharynx leads below into a rather short

intestine, which bends upon itself and

opens into the peribranchial cavity. The

heart lies below the alimentary canal; the current of blood is remark-

able in that it flows alternately in opposite directions through it
;
there

is a fairly well-developed system of vessels, the branchial sac being

efipecially Avell provided; tlH> blood corpuscles are all amoeboid and

Fig. 426. Diagi-ammatic

loiigitudmal section of an
Ascidian; the section is not

quite median, but somewhat
lateral, a anus, cl cloacal aper-

ture, (/ brancliial sac. g' aper-

tures in its wall, in moutli, n
nerve ganglion, p peribranchial

cavity, t gut, B ventral, M
dorsal surface.- Orig.
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colourless. The central nervous system is reduced to a

nerve ganglion situated between the mouth and the cloacal aperture.

Ductless vesicles varying in size perform the function of excretory

organs; they excrete hard particles, in Avhich the presence of uric

acid has been demonstrated. The reproductive organs (an

ovary and a testis) open into the peribrancliial cavity close to the

anus. The body is entirely covered with a thick gelatinous or leathery

coat'j the "mantle/' a product of the epidennis.*

The difference between the Appendicularia and the adult Ascidian

is thus very great. But a comparison of the larval forms revenls

quite other relations; there is a close agreement in almost every

respect. The Ascidian larvae are still more like Tadpoles than are

the "Appendicularia
;

they have a rounded trunk, and a long com-

pressed tail with a notochord, which extends a short distance

into the trunk. Dorsal to the notochord lies the central nervous
system, which extends along the whole tail, and has a swelling, the

brain, anteriorly; in connection with the latter, there is an eye and

an organ which is regarded as auditory ; both are remarkable in that

they lie within the cavity of the brain, and are specially developed

portions of its wall. There is as yet no peribranchial cavity, but

two simple gill slits lead from the pharynx to the surface.

As may be seen, therefore, there is very great resemblance between

the^e larvEe and the Appendicularia. Before long, however, the larva

attaches itself, the tail dwindles; the notochord, the sense organs,

etc., degenerate ; and the animal gradually attains to the very aberrant

form of the adult Ascidian.

It is easy to see how closely tlie type of structure of this larva coiTesponds

with that of the Yertebrata (as regards the position of the nerA^ous system, the

notochord, and the alimentary canal) ; the relation is still more obvious than in

the adult Appendicularia, where the rotation of the tail, etc., to some extent,

masks the conformity. It must also be noticed hero that the notochord arises in

exactly the same way as in the tnie Yertebrata.

Some of the Tunicates (Compound Ascidian s) form

colonies, throwing off thread-like outgrowths, from which new
individuals develop, in other respects independent of each other.

In other colonial forms, Ascidice compositri', there is a common test:

in this case the colonies are firmly attached to some foreign body, and
form soft spongy masses, in which the individuals are embedded,
often on a stellate plan. The members of each group have usually

a common cloacal opening, but each has its own mouth. The pelagic,

free-swimming, phosphorescent P y r o s o m a, also belongs here.

This colony has the form of a thick-walled tube, open at one end,

closed at the other, walls being formed by the tiny animals which are

arranged close together, their mouths opening at the surface of the

* The mantle is to be regarded as a much thickened cuticle. It is interesting
to note that it contains scattered cells, wliich are amosboid, and have migrated
from the mesoblast through the epidermis into the mantle.
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tube, their cloacal apertures into tlie cavity; the water which is
taken in at the mouth thus passes into the tube, from the open end
of which it is expelled; by means of this exhalent current the
colony is driven through the water, with the closed end forwards.

The free-swimming- Salpa offers a remarkable modification of
the Ascidian type. The buccal and cloacal apertures are almost at
opposite poles of the body. The branchial sac is, however, very
degenerate

; its lateral walls are absent, so that, with the exception
of the ventral region with the endostyle, only the dorsal portion
remains as a band stretching across the united branchial and peri-
branchial cavities (r. Fig. 427). The visceral mass is of insignificant
size as compared with that of the whole animal, the cavity just
mentioned constitutes the greater part of the animal (in most
Tunicata the branchial cavity is very extensive) . In the transparent
body-wall, beautiful circular muscle-bands are seen, by the contrac-

Fig. 427. Diagram of a S a 1 p a .

a anus, cl cloacal opening, A-

branchial cavity, i gut, m muscle
bands, o mouth, peribranchial
cavity, r dorsal lamina.—Orig.

tions of which water is expelled ; they are homologous mth a

continuous layer of muscle which is present in the body-wall of

Ascidia. The Salpidte are not only remarkable in structure, but

also in affording an instance of a regular alternation of

generations. There are both solitary asexual forms
and chains consisting of a larger or smaller number of somewhat
loosely connected sexual individuals. The asexual generation

forms chains by budding; the chains remain within the body-wall

of the solitary salp until they have attained a certain development,,

when they break free and swim about independently. The solitary

and colonial individuals differ somewhat from each other. The

colonial forms are remarkable in that they first give rise to eggs

which are fertilised by spermatozoa from another chain, whilst later

on they themselves produce spermatozoa. Each individual usually

produces only a single egg, which undergoes development in the

body of the parent.

Of the forms mentioned above, various species of simple Ascidians are

widely distributed in Em-opean seas
;
they are attached to seaweed, stones, piles,

etc. There are species of C o m p o s i t a; and of Appendicularia, also in

northern seas ; P y r o s om a and Salpa are pelagic, and occur in the large

oceans as well as in the Mediten-anean. All the Tunicata feed upon microscopic

organisms, which they take into the branchial cavity with the water.
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Acoela, 144
Acontia, 112
Acraspeda, 109
Acridium, 252

„ migratorium,2o2
Acromioq, 477
Actiniaria, 118
Actinosphserium eich-

hornii, 91
Adaptation, 66
Adder, 425
Adductor muscles, 309
Adhesive organs, 14
Adipose tissue, 10
Adjutant, 459
^luroidea, 515
^olidoe, 304
^olis, 304
Affinities of animals, 53
African Elephant, 512

„ Ostrich, 450
Agonus cataphractus, 390

Agouti, 531
Agi-ion, 255
Agrotis segetiun, 275

Ail" sinuses, 475-6

„ frontal sinus, 475

„ maxillary sinus, 475
Alaudidse, 464
Albatross, 457
Alca alle, 457

„ impennis, 457

„ tonda, 457
Alcedinidse, 465
Alcedo, 465
Alcidee, 457
Alcippe, 206
Alcyonaria, 113
Alcyonium digitatum, 114
Alga, 216
Alimentary canal, 23

Alisphenoid, 362
Allantois, 354
Alligators, 426
Alpine Marmot, 529
Alternation of Genera-

tions, 37
Altinares, 459
Altrices, 450
Alytes obstetricans, 406
Amblystoma Mexicantun,

405
AmbvUacral groove, 129

„ plates, 134
American Black Bear, 516
Amia, 385, 386
Ammoccetes, 382
Ammodytes, 389
Ammonites, 323
Amnion, 353
Amniota, 354
Amoeba, 3-5, 89
Ampelis garrulus, 462
Amphicoelous, 360
Amphilina, 151
Amphipnous, 375
Amphioxus lanceolatus,

356

Ampliipoda, 210
Ampliisbsena, 422
Amphiuma, 404-5

Ampulla, 124
Anabas, 375, 389
Anamnia, 354
Anal area, 136

„ cerci, 236

„ cirrus, 169

„ glands, 237
Analogy, 57
Anarrhicas lupus, 390
Anas, 458
Anas acuta, 458

„ boschas, 458

„ clypeata, 458

„ crecca, 458

„ penelope, 458

„ querquedula, 458

„ sadorna, 458
Anchitherium, 503
Anchovy, 387
Anelasma squalicola, 206
Anguilla vulgaris, 388
AnguillidsB, 163
Anguillula aceti, 163
Anguis fragilis, 422
Ankle, 328
Annelida, 83, 165
Annuli, 175
Anobium, 267
Anodonta, 315
Anoplotherium, 506
Anser cinereus, 458

„ ruficollis, 458

„ segetum, 458
Anseres, 458
Ant-eaters, 526
Antedon, 130
Antenna, 184
Antennary gland, 192
Anthozoa, 111
Anthropidse, 533, 535
Anthropoid Apes, 534
Anthropomorpha, 534
Anthus, 462
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Antilocapra Americana,
509

Antiloi)o, 509
Antilojiince, 509
Antiineros, 40, 122
Antitragais, 501
Antlers, 4.71

Ant-lions, 261
Ants, 270
Anura, 400
Anns, 23
Aorta, 29
Aphaniptera, 27S
Aphidae, 257
Aphides, 257
Aphis, 257
Aphis-lion, 261
Aphodius, 265
Aphorrhais pes pelicani,

302
Aphrodite, 173
Aphrophora sijumaria, 257
Aphysostomi, 388
Apiariae, 271
Apical plates, 135
Apis mellifica, 271
Aplysia, 303
Appendices pyloricse, 371
AppendicLilaria, 537
Apseiides, 216
Apteria, 434
Apteryx, 454
Aptychus, 323
Apns, 194
Aqueous hmuonr, 333
Aquila chrysaetus, 460
Aquilidaj, 460
Arachnida, 278
Arachnoid membrane, 331
Araneina, 283
ArchsBopteryx, 444
Archenteron, 43
Arches, 326
Arohiteuthus, 323
Arctoidea, 515
Arctomys, 529

„ marmota, 529
Ardea cinerea, 459
Arenicola, 173
Argali, 509
Argonauta argo, 323
Argyroneta aqxiatica, 283
Arion ater, 306
Aristotle's Lantern, 137
Armadillidinm, 230
Armadillo, 526
Artcmia, 193

„ salina, 194

„ milhansenia, 194
Ai-terial blood, 28

„ heart, 29
Arteries, 26
Arthi-ogastra, 281
Arthropoda, 83, 184
Articular cartilages, 329
Artiodactyla, 504
Arvicola, 530

„ agrestis, 530

Arvicola, anipliil)iiis, 530
„ arvalis, 530

glarcola, 530
Arytenoid cartilages, 488
Ascalabotida3, 422
Ascaris, 422
Ascidiua compositaa, 539
Ascidians, 538
AscUus, 215

„ iUiuaticus, 215
Asexual rei)roduction, 29
Aspidiotus nerii, 259
Ass, 503
Astacus fluviatilis, 224
Asterias rubens, 133
Asterida, 131
Asteroidea, 130
Asthonosoma, 138
Astrophyton, 134
Astui'idse, 460
Astur nisns, 460

„ palumbarius, 460
Atavism, 39
Ateles, 533
Athene noctua, 461
Atlas, 409
Atriiim, 344
Avichenia, 508
Auditory haii'S, 221
Auditory organs, 19
Auk, 457

„ Great, 457

„ Little, 457
Aulastomiun giilo, 176
Aurelia aurita. 111

Auricle, 26
Aurochs, 510
Aiistralian Bear, 498

„ Opossums, 498

„ Region, 74
Autozooids, 114
Aves, 430
Avicularia, 181
Avoset, 460
Axial skeleton, 113
Axis, 409
Axolotl, 403, 404
Aye-aye, 532

Baboon, 534
Babyrusa, 506
Bacillus, 254
Badgers, 516
Balsena biscayensis, 324
Baleena mysticetus, 324
Baluenidse, 523
Bala3noptera musculus, 523

„ rostrata, 523
Sibbaldii, 523

Balajnopteridse, 523
Balanidaj, 206
Balaninus nucum, 244
Balantidium, 94
Balanus, 206
Baleen, 522
Bandicoots, 497
Bank-vole, 530
Barbary Macaque, 534

Barbel, 388
Barbus, 388
Barnacles, 206
Barranmnda, 389
Basal plate, 115
Basi-braJichials, 327
Basi-occipital, 362
Basi-sphenoid, 362
Basket, 271, 272
Basommatophora, 306
Bath Sponge, 121
Bats, 500

;
Bdellostoma, 383
Bean Goose, 458
Bear animalcules, 286
Beaver, 529
Bed-bug, 259

' Bee-eater, 465
Bee-louse, 278

!

Bees, 271
Beetles, 263
Beetle-mite, 284
Belemnites, 323
Belinurus, 197
Bell-animalcule, 94
Belodon, 427
Belone vulgaris, 388
Beroe, 118
Bezoar Goat, 509
Bilateral symmetry, 41, 126
Biology, 58
Bird-mite, 284
Birds, 430

„ of Paradise, 450, 463
„ of Passage, 451

„ of Prey, 461

„ Climbing, 465

„ Gallinaceoiis, 455

„ Shrieking, 464
! „ Stfuthioiis, 464

I

„ Swimming, 456
I „ Toothed, 453

„ Wading, 458
Bird-spiders, 283
Bison, 510

„ Eiu-opseus, 510

! „ Americanus, 510
Bithynia, 302
Bitterling, 388
Bittern, 459
Black-arch, 275
Black-beetle, 263
Blackbird, 462
Black-clawed Crab, 227
Black Flies, 276

„ Rat, 530

I

„ Whale, 524

i

Bladder-nosed Seal, 520
Blastophaga grossorum,

24'4

Blastula, 43
Blatta, 253

„ orientalis, 253
Blenniida3, 390
Blenny, 390
Blind-worm, 418, 422
Blood, 26
Blood corpuscles, 25
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Blood plasma, 25
Blvibber, 518, 520
Bhxe-bottle, 277
Bhie Whale, 525
Boa Constrictor, 424
Body cavity, 39
Bohemian Waxwing, 462
Bombinator bombinus, 406

„ igneiis, 4-06

Bombiis, 271
Bombycidse, 274
Bombyx monacha, 275

„ mori, 275
pini, 274

Bone, 10
BoneUia viridis, 174
Bony labyi'inth of the ear,

338
Bony Pike, 385
Book-lice, 255
Bopyi-idse, 216
Bopyriis, 216
Boring Sponges, 121
Bos griinniens, 510

„ indicus, 510

„ primigenius, 510

„ tatu-us, 510
Botaiu-iis stellaris, 459
Bot-flies, 277
Botkriocephalus, 151, 153

Bottle-nosed Whale, 525
Bovinse, 509
Bowman's capsule, 348
Brachiopoda, 83, 178
Brachial plexns, 332
Brachyirra, 226
Bradypodidse, 525
Bradypus, 525
Brain, 324, 330
Branchial arteries, 345

„ chamber, 26

„ hearts, 320

„ lamellse, 197

„ sac, 538
Branchiobdella astaci, 177
Branchiostegite, 219
Branchipus, 193
Braula cseca, 278
Bream, 388
Breeding season, 69
Brevirostres, 459
BriU, 389
Brissopsis lyrifera, 138
Brittle-stars, 133
Bronchi, 418
Brown body, 180

„ Eat, 530
Bruta, 525
Bubalus, 510

„ vulgaris, 510
Bubble, 303
Bubo maximus, 461
Buccal cavity, 23
Buccinum undatum, 302
Bucerotidse, 465
Buffalo, 510
Buffon's Sktia, 456
Bufo, 406

Biifo, calamita, 407

„ vulgaris, 407
Bugs, 259
Bulbils arteriosus, 377
Bulla, 303
Bullfinch, 462
BtOl-head, 390
Bumble Bee, 273

Bvintings, 463
Buprestidaj, 266
Bxiprestis, 266
Bvu'sa copvilatrix, 243

„ Fabricii, 445
Biu'sse (respiratory), 134
Burying-beetles, 264
Bustards, 459

Small, 459

„ Large, 459
Butcher Bird, 462
Buteo, 460
Butirinus, 376
Bu.tterflies, 275
Byssxis, 308

„ gland, 311
thread, 311

Buzzards, 460

Cabbage Butterfly, 275
Cachalot, 524
Caddis-flies, 262

Caeca, 25
Csecilia, 402, 407
Calcareous valves, 204
Caligus, 201
Camelidse, 508
Camels, 508
Camelus, 508

„ bactrianus, 508

,, dromedarius, 508
Camelopra-dalis girait'a., 508
Canales incisivi, 475
Canaries, 463
Cancer pagimis, 227
Canidffi, 515
Canines, 483
Canis aiu-eus, 516

„ familiaris, 516

„ lagopiis, 515

„ lupus, 515

„ viilpes, 515
Cape Ant-eater, 527
Capella riipicapra, 500
Cape Mole, 499
Capercaillie, 455
Capillaries, 2(5

Capitulimi, 472
Capra, 509

„ iEgagTus, 509

„ hircus, 509

„ ibex, 509
Caprimxilgus europa3us,464
Capuchin Monkey, 533
Capybara, 531
Carabidffi, 264
Carabus, 264
Carapace, 189
Carassius auratus, 388

,, vulgaris, 388

Carcharias glaucus, 383

Carcimis mcenas, 227

Cardo, 233, 309

Carina, 204
Carnassial tooth, 514

Carnivora, 513

Carp, 375, 387
Carpals, 328
Cai-pus, 328
Carrion-beetles, 264
Cartilaga ypsiloides, 396

Cartilage, 10
Cartilaginous sheath, 326
Caryophyllseus, 151

Case-bearers, 274
Cassowaries, 454
Castor canadensis, 529

„ fiber, 529
CasuariiTS, 454
Cataphracti, 390
Catarrhinse, 533
Caterpillar, 250, 272

fly, 277
Cat-fishes, 384
Cathartes, 461
Cattle, 509
Caudal appendages, 195

„ fin, 209

„ spine, 197
Cave Bear, 516

„ Lion, 517
Cavernicoloiis faima, 61

Cavia cobaya, 531
Cavicornia, 509
Cecidomyia, 246, 276
Cells, 5

„ ciliate, 8

„ epidermal, 99

„ epithelio-muscle, 100

„ fixed, 7 I

„ flagellate, 8

„ glandular, 9

goblet, 9

„ nerve, 120

„ nettle, 100

„ pigment, 31

sensory, 13

„ simple, 85

„ wandering, 6, 31

Cement, 482

„ gland, 205
Centipedes, 227
Centralo, 328. 329
Centrosome, 5

Centrvim, 326
Ccijhalopoda, 315
Cephalothorax, 198
Cerainbycidas, 266
Cerambyx, 266
Ceratodus, 367, 386
Cercaria, 148
Cercolabcs, 530
CercopithecidcB, 534
Cerebelhuu, 331
Cerebral ganglia, 289

„ hemispheres, 33(>'

Cerebrum, 330
Corthia familiaris, 464
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Cervical ribs, 437, 471

„ vertebrce, ;i2()

Corvidai, 508
Cervus alces, 509

„ canadensis, 509
capreolus, 508
dania, 508

„ olephns, 508

„ onryceros, 509

„ tarandus, 509
Cestoda, 143, 149
Cestns veneris, 118
Cetacea, 520
Cetonia, 265
Cha3ta, 167
ChiBtopoda, 167
Chaffinch, 462
Chamseleo, 422
Chameleon, 422
Chamois, 509
Char, 387
Charadi-iidse, 459
Charadriiis pliivialis, 459
Cheek pouches, 485
Cheese-fly, 277

„ mites, 284
Chelae, 219
CheliceriE, 279
Chehfer, 282
Chelonia, 425
Chelonia3, 426
Chequered Meat-fly, 277
Chermes abietis, 258
Chestnuts, 503
Cliigoe, 278
Chilognatha, 230
Chilopoda, 229
Chimtera monstrosa, 384
Chimpanzee, 535
Chiromys madagascarien^

sis, 532
Chiroptera, 500
Chitin, 185
Chitons, 290
Chlorophyll, 81, 95
Chceropsis liberiensis, 506
Choeropiis, 498
Chondocraniiim, 327
Chondrostei, 385
Chorda dorsalis, 324
Chorion, 242
Choroid, 333

gland, 370
Chromatin, 5

Chromatophores, 10
Chromosomes, 5

Chrysalis, 250
Chrysis, 270
Chrysochloris, 499
Chrysomelidse, 266
Chrysopa, 261
Chyle, 348
Cicada, 256

„ septendecim, 257
Cicadellidae, 257
Cicindela, 264
Ciconia alba, 459

„ nigra, 459

'I

Cidaris, 138

J

Cilia, 5, 1(), 92, 95
Ciliary processes, 333
Ciliated jimction, 307
Ciliate organs, 14(5

Cimex loctnlarius, 259
Cinglus aqiiaticus, 462
Circus, 4(i0

Cirrhus, 129, 169, 205
Cirripedia, 203
Civet Cat, 517
Cladobates, 500

i Cladocera, 195
Clamatores, 464
Class, 55
Classiflcation, 53
Clavicle, 327
Claws, 235, 408, 435, 469
Clear wings, 274
Clepsine, 177
Climbing Perch, 389
Clione limaeina, 305
Clitellimi, 174
Clitoris, 450
Cloaca, 159, 342
Cloacal aperture, 308

„ syphon, 308
Clothes-moths, 273
Clupea alosa, 387

„ harengris, 387

,, f)ilchardus, 387

„ sprattiis, 387
Clupeidse, 387
Clypeaster, 138
Clypeastridse, 138
Coarctate pupa, 250
Coatimondi, 516
Cobego, 500
Cobitis, 388
Cobra, 424
Coccidium oviforme, 96
Coccidse, 258
Coccinellidse, 267
Coccus cacti, 259

„ lacca, 259
Cochineal Insect, 259
Cochlea, 444
Cockatoos, 465
Cockchafer, 265
Cocki'oaches, 253
Cocoons, 269
Cod, 388
Ccelentera, 83, 98
Coelogenys paca, 531
Ccenenchyme, 113
Ccenm-us cerebralis, 152

Coleoptera, 252, 263
Collar-bone, 327
CoUar-ceUs, 119
Collembola, 256
CoUocalia, 464
Colobus, 534
Colony, 32, 66
Colour change, 434, 468
ColubridiB, 424
Columba, 465

„ livia, 465

„ migi'atoria, 465

Columba, oenas, 465
„ palumbus, 4^)5

Columbidffi, 465
Columella, 116, 294, 412

„ auris, 397, 41

6

Columellar muscle, 295
Colyinbus, 457

„ arcticuB, 457
„ glacialis, 457
„ septentrionalis,

457
Comatula, 130
Combustion, 4, 30
Commensalism, 65
Common Bear, 516

Bittern, 459
Coot, 459

„ Crane, 459

„ Creeper, 464
„ Dipper, 462

Hedgehog, 499
Mole, 499
Mouse, 529

„ Porcupine, 530

,, Round-worm, 160
Seal, 519
Shrew, 500
Shrimp, 223
Slug, 306

Comparative Anatomy, 58
Complemental males, 205
Compositae, 540
Compotmd Ascidians, 539

eye, 22

„ stomach, 487
ConchioUn, 287
Condor, 461
Conger-eel, 388

„ vulgai-is, 388
Conirostres, 462
Conjunctiva bulbi, 336

„ palpebrarum,
336

Conjugation, 86, 96
Connective tissue, 10
Conus arteriosus, 344
Coot, 459
Copepoda, 200
Copris, 265
Coprophaga, 265
Copulse, 327
Copulation, 36
Copulatory organs, 34
Coracias garrula, 464
Coracoid, 327
CoraUium rubrtmi, 115

Coral reefs, 117

Coregonus, 387
pollan, 387

„ thymallus, 387

Cormorant, 457
Com Crake, 459
Cornea, 333
Coronula, 206
Corpora quadrigemina, 331

Corpus callosum, 480

„ fibrosum, 493
Corvidse, 463
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Corviformes, 463

Corvus corax, 463

„ comix, 463

„ corone, 463

„ frugilegus, 463

„ monediUa, 463

Cossus ligniperda, 274

Cottt\s gobio, 390

„ scorpius, 390
Coturnix communis, 455

Cotyledons, 494
Cougar, 517
Covering pieces, 108

Cowper's glands, 493

Coxa, 235
Coxal glands, 380
Coypu, 530
Crabronidae, 270
Crabs, 226
Crab-spiders, 286
Cracidse, 456
Craneflies, 276
Cranes, 459
Crangon vulgaris, 223

Craniiun, 326
Craspedota, 103

Crawfish, 227

Crax, 456
Creeper, 464

„ Common, 464
Wall, 464

Cribriform plate, 475

Cricetus frumentarius, 530
Cricket, 253
Cricoid, 488
Crinoidea, 127
Crocodilia, 426
Crocodilus, 426
Crop, 24
Cross bills, 463
Crossopus aranea, 500

„ fodiens, 500

„ suavolens, 500
Cross-spiders, 283
CrotalidsB, 425
Crotalus, 425
Crow, 463
Crustacea, 190
Cryptobrancbus japonicus,

405
Crystalline cone, 22
Ctenophora, 118
Cuboid, 479
Cuckoo Bees, 272
Cuckoos, 465
Cuckoo-spittle, 257
Cuculidse, 465
Cuculus canorus, 465
Cucumaria, 141

Culex, 276
Cumacea, 210, 213
Cuneiform, 478, 479
Curassows, 456
Curculio, 267
Curculionidae, 267
Curlews, 460
Cuscus, 498
Cuvierian organs, 140

Cyamus, 219
Cyanea capillata. 111

Cyclops, 201
Cyclopterus lumpus, 390
Cyclostoma elegans, 302

Cyclostomi, 382
Cydippe, 118
Cygnus, 458

„ atratus, 458

„ musicus, 458

„ olor, 458

Cymothoa, 216
Cynailurus jubata, 517
Cynipidse, 269
Cynips rosse, 245
Cynocephalus, 534
Cynoidea, 515
Cynomorpha, 534
Cyprinidse, 387
Cyprinus carpio, 387
Cypris (larva), 207
Cypris ovum, 199
Cypselidse, 464
Cypselus, 464
Cysticercus cellulosae, 151
Cystophora cristata, 520

„ proboscidea,

520

Dab, 389
Dabchicks, 457
Dactylopterus volitans, 390
Dactylozooid, 105, 107
Daddy-long-legs, 276
Daphnia, 195
Dasypodidse, 526
Dasyprocta, 531
Dasyuridse, 497
Dasyiirus, 497
Daubenton's Bat, 501
Dead Men's Fingers, 114
Death, 69
Death-watch, 267
DebiUrostres, 459
Decapoda, 210, 219, 323
Decapods, 323
Deep sea fauna, 59
Defensive polyps, 105
Delphinus, 524
Demoiselle Fly, 255
Dendrocoela, 144
Dental formula, 486
Dentalium, 291
Dentary, 439
Denticles, 133
Dentine, 339, 340
Dentition, 483

Milk, 484

„ Permanent, 483
Dermal branchiae, 125, 137
Dermanyasus avium, 284
Dermestes, 265
Dermestidae, 265
Desmans, 500
Desmodex follicxilorum,

285
Desmodus, 501
Deutoplasm, 32

Diaphragm, 37, 488
Dibranchiata, 323

Dicotyles, 506
Didelphyidffi, 497

Didus ineptus, 465

Digenetic Trematodes, 147

Dimorphism, 54
Dinictis, 517
Dinoceras, 512
Dinornis, 454
Dinosaurians, 429
Dinotherium, 512
Diodon, 391
Diomedea exulans, 457
Diplopoda, 230
Diplozoon paradoxum, 147

Dipnoi, 386
Dipper, 462
Diprotodontia, 498
Diptera, 252, 275
Dipus, 530
Discophora, 175
Dispersal of Animals, 58
Distal, 42
Distomeae, 147
Distomvim hepaticum, 147
Divers, 457

„ Black-throated,457

„ Great Northern,
457

„ Eed -throated or

speckled, 457
Diverticula, 24
Division, 5

„ nticlear, 5

„ „ direct, 5

„ „ indirect, 5
Dochmius, 160
Doctrine of Descent, 53

Dodo, 465
Dog-fish, 383
Dolphin, 524
Domestic Cat, 517

Dog, 516

„ Goat, 509
Ox, 510
Pig, 506

„ Sheep, 509
Donacia, 267
Dorcus parallelopipedus,

265
Dorididae, 304
Doris, 304
Dormice, 529
Dorsal, 39
Dorsal lamina, 538
Double animal, 147
Doves, 465
Draco volans, 422
Dracunculus, 162
Dragon-flies, 254
Dragons, 422
Dreissensia polymorpha,

314
Dromaeidae, 454
DromaeiTS, 454
Drones, 424
Dschiggetai, 503

N N
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Ducks, 458
Duck-billed Platypus, 496
Ductus Botalli, 4.89

„ cochlearis, 338

„ endolympliaticus,
370

Dugong, 513
Dung-beetles, 265
Diu-a mater. 331
Duration of life, 68, 70
Dwarf males, 216
Dytiscidffi, 264
Dytiscus, 264

Eagles, 460
„ Golden or Moun-

tain, 460
„ Sea or White-

tailed, 460
Ear-bones, 481
Eared Seals, 519
Earth Crab, 253

„ Worms, 173
Earwigs, 253
Ecdysis, 31, 185
Echeneis, 390

.
Echidna, 496
Echinoderma, 83, 122
Echinoidea, 134
Echinometra, 138
Echinus, 138
Ectocyst, 178
Ectoderm, 30
Ectoparasites, 63
Ectosarc, 91
Edentata, 525
Edible Snail, 306
Eel, 388
Eel-pout, 388

„ -worm, 163
Egg-sacs, 201
Elater, 265
Elateridse, 265
Electric Eels, 388

„ organs, 368

„ Skates, 384
Elephants, 510

Tusks, 291
Elephas africaniis 512

„ primigenius, 512
Elpidia, 141
Elysia, 304
Elytra, 236
Emberiza, 463
Embryo, 50
Embryology, 42
Embryonic membranes,

353
Emeu, 454
Emdyse, 426
Enamel, 339, 340
Enchelyophis, 389
Encystation, 86
Endoderm, 98
Endoparasites, 63
Endopod, 189
Endosarc, 91
Endoskeleton, 16

Endosmosis, 26, 96
Endostyle, 538
Engraulis encrassicholus,

387
Enhydra marina, 516
Enteric cavity. 111
Entomostraca, 193
Entoniscidse, 216
Entoniscus, 216
Entozoa, 64
Environment, 66
Epeira diadema, 283
Ephemera, 255
Epliialtes scops, 461
Ephippitim, 196
Epiblast, 43
Epibolic gasti-ula, 44
Epicrium glutinosum, 407
Epididymis, 350
Epiglottis, 488
Epiotic, 362
Epiphragm, 295
Epiphyses, 480
Epiphysis, 331
Epipod, 189
Epitheca, 116
Epithelial tissues, 7
Epithelium, 7

„ ciliate, 8

„ simple, 7

„ stratified, 7
Epoophoron, 491
Equidse, 503
Equus asinus, 503

„ Biu-chelli, 503

„ caballus, 503

„ hemionus, 503

„ onager, 503

" quagga, 503

„ zebra, 503
Ergots, 163, 503
Erinaceus, 499

„ eui-opseus, 499
Ermine, 516
Esocidae, 387
Esox lucius, 387
Estheria, 194
Ethiopian region, 74
Ethmoid, 362
Euphausia, 211
Euphausiacea, 210
Euplectella aspergillimi,

121
Eupteropoda, 304
European sulD-region, 74
Eurypterus, 198
Euspongia, 121
Eustachian tube, 416
Eustrongylus, 160
Excretory organs, 30
Exhalent canal, 119
Exoccipital, 362
Exocoitus, 388
Exopod, 189
Exoskeleton, 15, 184
External auditory meatus,

444

„ ear, 416

External ligament, 310
mouth. 111

Eyelashes, 467
Eyelids, 336
Eye-muscles, 335-6

spots, 132

„ stalk, 211

Falciform young, 96
Falco sesalon, 460

gyrfalco, 460
„ peregrinus, 460
„ subbuteo, 460
„ tinnunculus, 460

Falconidse, 460
Falcons, 460

Peregrine, 460
Fallopian tube, 490
Fallow Deer, 508
False ribs, 472
Family, 55
Fat bodies, 248, 402
Feathers, 431
Feather-follicle, 431
Feelers, 107, 184
Felidse, 517
Felis cattus, 517

„ concolor, 517

„ domestica, 517

„ jubata, 517

„ leo, 517

„ lynx, 517

„ maniculata, 517

„ onca, 517

„ pardus, 517

„ spelaea, 517

„ tigrina, 517

„ tigris, 517
Femoral pores, 408
Femur, 235, 328
Fenestra ovalis, 397, 416

„ rotunda, 416
Ferret, 516
Fertihsation, 32
Fiber zibethicus, 530
Fibula, 328
Fibulare, 328
Fiddler-beetle, 241
Field-cricket, 253

„ -mice, 530
Fierasfer, 389
Filaria, 162
Filoplume, 433
Finches, 462

„ Mountain, 462
Serin, 463

Fin Whales, 523
Fish, 356
Fishing Hawk, 460
Fish-leech, 177

„ -lice, 201
Fission, 4, 31

Flagellata, 95
Flagellate chambers, 119
Flagellum, 33, 95, 119
Flame cell, 143

Flamingoes, 458
Flat-fish, 389
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I'lat-worms, 142
Fleas, 278
Floating ribs, 472
Floimder, 389
Flour-mites, 284
Fly-catchers, 462
Flying Fish, 388

„ Phalangers, 498

„ Foxes, 501

„ Sqiurrel, 529
Foetns, 50
Food-yolk, 45
Foot, 293
Foramen magnnm, 362

„ ovale, 489
Fore-arm, 328

„ -gut, 23
Forest-flies, 277
Forficula, 253
Formicarise, 270
Formica rufa, 270
Fossils, 76
Fowls, 450

„ Domestic, 455

„ Guinea, 455

„ Jungle, 455
Fox, 515
Fi-ee-living Copepods, 200
Freshwater Fauna, 59

„ Mussels, 315

„ Shrimps, 218

„ Sponges, 121

„ Tortoise, 426
Frigate Bird, 457
Fringilla, 462
Frog of foot, 470
Frog, Edible, 406

„ Q-rass, 406

„ Land, 406

„ Tree, 406
Frog-fish, 391

„ -hopper, 257

„ Toads, 406
Frontal, 362
Fruit Bats, 501
Fulica atra, 459
Fidigulinse, 458
Fulig^ula cristata, 458

„ marita, 458
Fulmarus glacialis, 458
Fungia, 117
Funiculus, 317
Funnel, 317
Furcula, 440

Gadflies, 276
Gadidse, 388
Gadus, 388

„ seglefinus, 388

„ morrhua, 388
Galea, 233
•Galeopithecus volans, 500
Oall-bladder, 342
Gall-fly, 269
Oallinula chloropus, 459
GaU-mites, 285
•Gallus bankiva, 455

„ domesticus, 455

Gamasus, 284
Gammarus, 218

fluviatiUs, 219

„ locusta, 219

„ puteanus, 219
Ganges Dolphin, 525
Ganglion cells, 10

Gannet, 457
Ganoidei, 384
Gaper, 315
Garden Dormouse, 530

Snail, 306
Gar-pike, 388
Garrulus glandarius, 463
Gartner's duct, 351, 491
Gasterosteus, 390

„ aciiteatus,

390

„ pungitius,

390
Gasterosteidse, 390
Gastric cavity, 109

„ pouch, 109
Gastropoda, 291
Gastrozooids, 107
Gastrula, 43, 98

„ mouth, 43
Gastrus equi, 277
Gavialidse, 426
Gecko, 417, 422
Geese, 458
Gemmation, 31, 86
Gemmulse, 120
Genet,' 517
Genital organs, 38

„ plates, 136
Genus, 55
Geocores, 259
Geograpliical Distribution,

78
Geology, 76
Geological Distribution, 76
Geometridse, 275
Geotrupes, 265
Gephyrea, 174
Germinal spot, 32

„ vesicle, 32
Germ-layers, 47
Gestation, 494
Giant-Sloth, 525
Gibbons, 534
Gills, 538
Gill arches, 327

„ clefts, 343

„ lamellsB, 306

„ rakers, 374
Giraffe, 508
Gizzard, 24, 445
Glands, 14, 24
Glandular colls, 9
Glede, 481
Glenoid cavity, 327
Globigerina, 89
Globiocephalus melas, 524
Glomeris, 230
Glomerulus, 348
GlossEB, 233
Glow-worms, 266

• Glutton, 516
Glyptodon, 527
GnathobdeUidse, 176

Gnats, 276
Goat, 509

„ -moth, 274
Gobio fluvialis, 388
Gobius, 390
Godwits, 460
Gold-crested Regulus, 462
Golden-eye, 261

„ Mole, 499

„ Oriole, 462
Goldfinch, 462
Goldfish, 388
Gold "Wasp, 270
Gonozooid, 107
Goose, 458

„ Grey, 458

„ Eed-i)reasted, 458
Gordius, 163
Gorgonia, 114
Gorgonidse, 114
GoriUa, 535
Goshawk, 460
Graafian follicle, 350
Graculus carbo, 457
Grallatores, 458
Grampus, 524
Grasshoppers, 252
Grayling, 387
Great Ant-eater, 526

„ Black Slug, 306
Grebes, 457

„ Eared, 457
Little, 457

„ Red-necked, 457
Green-finch, 462
Green-flies, 257

„ gland, 221
Greenland Whale, 524
Gregarina, 87
Gregarinida, 95
Grey Seal, 519
Gribble, 215
Grizzly Bear, 516
Grooved Teeth, 424
Grouse, 455

„ Black, 455

„ Red, 455

„ Sand, 455
Gruidge, 459
Grus cinerea, 459
Gryllidse, 253
Gryllotalpa vulgaris, 253
Gryllus campestris, 253

„ domesticus, 253
Gudgeon, 388
Gueparde, 517
Guinea-pig, 531

„ -worm, 162
Gulls, 456

„ Black-headed, 456
„ Common, 456

„ Heri'ing, 456
„ Laughing, 456

Gulo borealis, 516
Gurnard, 390

N N 2
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Gurnard, Flying, 390

„ Grey, 390
Gustatory organs, 19
Gut, 23
Gymnomyxa, 87
Gynmophiona, 407
Gymnosomata, 305
Gymnothorax mui-tena, 388
Gymnotiis, 368

„ electricus, 388
Gypacitus barbatus, 461
Gypogeranus secretarius,

460
Gyrfalcon, 466
Gyi'i, 480
Gyi'inus, 264

Haddock, 388
Hsematopus ostralegus, 459
Hsemocyanin, 30
Hsemoglobin, 29
Hsemopis vorax, 176
Hag-fish, 383
Hair, 467

„ folUcle, 467

„ papilla, 467
Hairs, contoiir, 467

„ tactile, 467

„ woolly, 467
HaUbut, 389
Halichcerus grypus, 519
Halicore dugong, 513
Halmaturus, 499
Halobatidffi, 259
Hamster, 530
Hapalida?, 533
Harderian gland, 336
Hare, 529 i

Harriers, 460
Harvest-men, 282

Moiise, 530
Haversian canal, 329
Hawfinch, 462
Hawk, 460

Fishing, 460

„ Sparrow, 460
Hawk-moths, 275
Head, 41, 324
Head-kidney, 167, 350
Heart, 26

„ Urchins, 138

Hectocotylised arm, 321

Hectocotylus, 321
Hedgehog, 499
Heliozoa, 91

Helix, 306

„ hortensis, 306

„ pomatia, 306
Hemeroharpages, 460
Hemimetabola, 250
Hemimetabolous, 246
Hemiptera, 256
Heredity, 39
Hermaphrodite, 34

„ gland, 35,

299
Hermaphrodites, protan-

drous, 35

Hermaphrodites, protogy-
nous, 35

Hermit Crab, 225
Herodii, 459
Heron, Common, 459

„ Night, 459
Herons, 459
Herpestes ichneumon, 517
Herring, 387
Heterodera schachtii, 163
Heterogony, 38, 146
Heteropoda, 302
Heteroptera, 259
HexactinellidBe, 121
Hibernation, 69
Hibernating gland, 489
Hind gut, 23
Hipparion, 503
Hippobosca equina, 278
Hippoboscidse, 277
Hippocampus, 391
Hippoglossus vulgaris, 389
Hippopotamidse, 506
Hippopotamus, 506

„ amphibius,
506

Hirudo, 176
Hirundo, 463
Hobby, 460
HolocephaK, 384
Holometabola, 250
Holometabolous, 246
Holostei, 385
Holothuria, 141
Holothuroidea, 138
Homarus vxUgaris, 224
Homodont teeth, 485
Homology, 57

Homoptera, 256
Homo sapiens, 536
Honey-bee, 271

„ -dew, 257

„ -comb-bag, 507
Hooded Seal, 520
Hoofs, 470
Hoopoe, 464
Hornets, 271
Horns, 471
Horny fibres, 120
Horse, 503

„ Bot-fly, 277

„ Leech, 176

„ -shoe Bats, 501

„ -tick, 278
Hosts, 63

House-fly, 277

„ Mouse, 530

„ Spider, 283

Howling Monkey, 533

Humerus, 328
Hvimming Birds, 464
Hxmip-back Whale, 523

Hunger, 73
Hyaena, 517
Hyeenidffi, 517

Hybrid, 36
Hybridisation, 386

Hydatina senta, 157

Hydra, 106
Hydrachna, 284
Hydrochoerus capybara,

531
Hydrocores, 260
Hydrocysts, 107
Hydroid, 103
Hydi'omedusse, 103
Hydi-ometra, 257
Hydrometridae, 259
HydrophyUia, 108
Hydropliis, 424
Hydrosoma, 107
Hydrozoa, 102
Hyla arborea, 406
Hylesinus piniperda, 267
Hylobates, 534
Hymen, 491
Hymenoptera, 252, 267
Hyoid, 327
Hyperidse, 219
Hyperoodon rostratus, 525
Hypoblast, 43
Hypoderma bovis, 277
Hypopharynx, 234
Hypophysis, 331
HypsiprjTunus, 499
Hyrax, 500
Hystricomorpha, 530
Hystrix cristata, 530

Ibis religiosa, 459
Ichneumon-flies, 269
Ichneumonidae, 269
Ichthyornis, 453
Ichthyosaui-ians, 427
Icticyon, 516
Idothea, 215

„ tricuspidata, 215
Iguanas, 422

Ground, 422
Tree, 422

Iguanidae, 422
Iguanodon, 430
Ilitun, 328
Imago, 249
Impennes, 457
Imperforate EHzopoda, 88
Impressions, 77
Incisors, 483
Incus, 481
Inferior arches, 326

Infundibulum, 118, 331

Infusoria, 89, 91

Inhalent aperture, 308

„ canal, 119

Ink-sac, 317

Inner germ-layer, 43

„ root-sheath, 467

Insecta, 231
Insectivora, 499
Integripalliate, 310
Interambulacral plates, 134

Interdigital glands, 469

Interfilamentar junctions,

307
Intermedium, 328

Internal ligament, 310
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Internal month. 111

sheU, 305, 319

Interparietal, 476
Interradii, 123
Interspinons processes,

362
Intestinal Trichina, 162

Intestine, 23

Inuus ecandatus, 534
Invagination, 43
Iris, 333
Irish Deer, 509
Irregular Sea-urchins, 138

Irritabihty, 4
Ischium, 328
Isis, 115
Isopoda, 210, 213
Itch-mites, 285
lulus, 230
Ixodes, 284
lynx torquilla, 466

Jackal, 517
Jackdaw, 463
Jacobson's organ, 333

Jaguar, 517
Jaws, 176, 205

Jays, 463
JeUy-fish, 111

„ veil, 90
Jerboa, 530
Jigger, 278
Joint, 329
Jngal, 394, 412
Jumping Shrews, 500

Kaguan, 500
Kangaroos, 498
Kermese-insect, 259
Kestrel, 460
Kidneys, 31
KiUer, 524
King-crab, 196

„ -fisher, 465
Kite, 461
Kiwi, 454
Knee-cap, 330
Koala, 498
Kulan, 503

Labial cartilages, 364
palps, 233, 306

Labium, 233
LabridsB, 389
Labrum, 232
Lacerta, 422

„ agilis, 422

„ vivipara, 422
Lacertilia, 421
Lachrymal bone, 439

„ gland, 336

„ pits, 469
Lacinia, 233
Ladybirds, 267
Lagomys, 529
Lagopus, 455

„ mutus, 455

„ scoticus, 455

Lamellibranchs, 306

Lamellicornia, 265
LameUirostres, 458

Lamina perpendictilaris,

476
Lampreys, 382

Lampyris, 266
Lancelots, 354
Land-bug, 259

„ -leech, 176
Laniadse, 462
Lanius excubitor, 462

Large Bats, 501

Larks, 464
Lams, 456

„ argentvis, 456

„ atricilla, 456

„ canis, 456

„ ridibundiis, 456
Larva, 247
Larvae, 50
Larynx, 344
Lateralia, 204
Lateral-line organs, 369
Leaf-beetles, 266

„ -insects, 253

„ -rollers, 274
Lecanium ilicis, 259
Leeches, 175
Lemnisci, 163
Lemming, 530
Lemurs, 531, 532
Lens, 20, 333
Leopard, 517
Lepadidse, 206
Lepas, 206
Lepidoptera, 252, 272
Lepidosiren paradoxa, 367,

387
Lepidostexis, 375, 378, 385
Lepisma saccharina, 255
Leporidae, 529
Leptocardii, 354
Leptoptilus, 459
Lepus, 529

ctmiculus, 529
europseus, 529
timidiis, 529
variabilis, 529

Lemea branchialis, 203
Lesser Pin-whale, 523

„ Shrew, 500
Lestris, 456
Leuciscus, 388
Leucocliloridium para-
doxnm, 148

LibeUiila, 255
Libelltdidee, 254
Lice, 160
Ligament, 310, 329
Ligula simplicissima, 151
Limacina helicina, 305
Limapontia, 304
Limax agrestis, 306
Limbs, 42
Limnadia, 195
Limnaeus, 306
Limnoria terebrans, 215

Limosa, 460
Limpets, 302
Limuliis, 196

Linens longissimus, 156

Lingual ribbon, 287

Lingula, 183

Linnet, 463

„ Common, 463

„ Mountain, 463

Lion, 517
Lip, 486
Lithobius, 230
Lithodomus lithophagua,

314
Lithophrya, 206
Little Ant-eater, 526
Littoral fauna, 38
Littorina, 302
Liver, 24
Liver-fluke, 147
Lizards, 422

„ Common, 422
Flying, 422
Einged, 422
Sand, 422

Llamas, 508
Loach, 388
Lobster, 224
Locomotion, 65
Locomotor organs, 63

Locnsta, 253

„ viridissima, 253
Locusts, 253
Loligo vulgaris, 323
Longicoms, 266
Longipennes, 456, 463
Longitudinal arose, 158
Long-tailed Field Mouse,

530
Loopers, 276
Lopliius piscatorius, 391
Lophogastridae, 211
Lophophore, 178
Lorica, 156
Lories, 465
Loris, 532
Lota vulgaris, 388
Lucamis cervus, 265
Lugworm, 173
Litmbar plextis, 332

„ vertebrae, 326
Lumbricus, 173
Liimp-fish, 390
Lunar, 478
Liing-sacs, 282
Lnscinea philomela, 462

„ rubecola, 462
Lutra, 516

„ vulgaris, 516
Lymphatic system, 347
Lymph follicles, 348

„ glands, 26

„ hearts, 348
Lynx, 517

„ vulgaris, 517
Lyre Birds, 464
Lyssa, 487
Lytta vesicatoria, 266
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MachserodiTs, 517
Machetes piignax, 460
Machilis, 256
Mackerel, 390

„ pikes, 388
Macrolepicloptera, 274
Macronucleus, 92
MacropidiB, 498
Macroscelicles, 500
Madi'eporai'ia, 118
Madreporite, 124, 131
Maggots, 250
Magnum, 478
Magot, 534
Magpie, 463
Makis, 532
Malacodermata, 266
Malacosti-aca, 193, 207
Malapterttms, 368, 388

„ electricus,

388
MaUeus, 481
Mallophagidse, 255
Malpighian ttibes, 188

Mammae, 469
Mammalia, 466
Mammary glands, 468
Mammillae, 468
Mammoth, 512
Man, 535
Manatee, 513
Manatns, 513
Manohurian sub-region, 74
Mandibles, 184
Mandibular arch, 327
Manis, 527
Mantidae, 253
Mantis religiosa, 253
Mantle, 203, 287

folds, 182
lobe, 307

Manubrium, 102, 105, 473
Manyplies, 507
Marabou, 459
Marble Seal, 519
Margaritina margaritifera,

315
Marine fauna, 59
Marmosets, 533
Marmots, 529
Marsupial Ant-eater, 497
Marsupials, 496
Marsupial bones, 479
Marsupiiim, 214, 217
Martens, 516
Martins, 463

„ House, 463
Sand, 463

Mask, 255
Mastodons, 512
Maw-worm, 160
Maxilla, 410
MaxiUse, 184
Maxillipeds, 184
Maxillo-tui'binal, 475
May-flies, 255
Meal-worm, 266
Meckel's cartilage, 327

Medicinal Leech, 176
Medina Worm, 162
Mediterranean sub-region,
74

Medusa, 99
Medusoid generation, 102
Megachiroptera, 501
Megapodius, 456
Megaptera bftops, 523
Megatheria, 525
Megatheriidae, 525
Meleagrina margaritifera,

315
Meleagris gallopavo, 455
Meles taxus, 516
Meloe, 266
Melolontha viilgaris, 265
Melophagiis ovinus, 278
Membrane bones, 325
Membranellae, 92
Membraniporidse, 181
Menibranoiis labyrinth,

338
Menobranchus, 405
Menopouia, 405
Menttmi, 233
Menura, 464
Mepliitis, 516
Mergansers, 458
Merginae, 458
Mergus, 458
Merhn, 460
Mermis, 163

Merops apiastes, 465
Merrythought, 440
Mesencephalon, 330
Mesenterial filaments, 112
Mesenteron, 23
Mesentery, 39, 111, 342

Mesoblast, 47
MesoglcBa, 98
Mesonephros, 350
Mesothorax, 235
Metacarpal, 328

Metameres, 41

Metamorphosis, 50
Metanephros, 350
Metatarsal, 329
Metathorax, 235
Metazoa, 5, 85, 98
Metencephalon, 330
Mice, 530
Microchiroptera, 501
Microlepidoptera, 273
Micronucleus, 92

Micropyle, 243
Mid-brain, 330
Middle germ-layer, 45
Midges, 276
Mid gut, 23

Miescher's coi-puscles, 91

Migrations, 62

Migratory Locusts, 252

Milk, 469
' MiUepora, 106
< Miller's Tlnmib, 390
Milvus regalis, 461

,
Mimicry, 71

Mink, 516
Mites, 284
Mohi, 391
Molars, 483
Mole, 499
Mole-cricket, 253

„ -rat, 530
MoUusca, 84, 287
Monadinidae, 95
Mongoose, 517
Monodon monoceros, 525
Monogenetic Trematodes,

146
Monotremes, 495
Moor-hen, 459
Moose-deer, 509
Mormon fratercula, 457
Morphology, 57
Moschus moschiferus, 509
Mosquitos, 276
Moss-animals, 178
MotaciUa, 462
Mother-of-pearl, 310
Mouflon, 509
Moulting, 15, 31
Mound-birds, 456
Mouth, 23
Mouth-parts, 184
Mucous gland, 295

„ membrane, 24
Mud-fish, 386

„ -turtles, 426
Miillerian ducts, 351
Muridae, 530
Muraena, 388
Mtu-aenidae, 388

Mus, 530

„ decumanus, 530

„ minutus, 530

„ musculus, 530

„ sylvaticus, 530

Musca domestica, 277

„ vomitoria, 277
Muscicapidee, 462

.

Mtiscidse, 277
Muscle-cells, 11

„ smooth, 11

„ striated, 12

Muscle fibriUae, 92

„ -trichina, 162

Muscular impression, 310
Muscular system, 16

Muscular tissues, 7

Musliroom coral, 117

Musk Deer, 509

„ Eat, 530

„ Shrew, 500
Musquash, 530
Mussel, 314
Mustela, 516

„ erminea, 516

„ foina, 516

„ furo, 516

„ lutreola, 516

„ putorius, 516

„ vulgaris, 516

„ zibellina, 516

Mustelidae, 516
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Mya arenaria, 315

Mycetes, 533
Myelencephalon, 330

Mygale, 283

Mylodon, 525
Myodes lemmus, 530
Myogale, 500

„ moschata, 500

„ pjrrsenica, 500
Myopotamiis coypii, 530

MyoxidsB, 529
MyoxiTS avellanarius, 530

„ dryas, 530
glis, 530

„ nitela, 530
Myriapoda, 227
Myrmecobms, 497
My^-mecophaga, 526

„ didactyla,

526

„ jiibata, 526

Myrniecophilous Insects,

270
Myi-meleon, 261
Mysidacea, 210, 211
Mysidffi, 211
Mysis, 212
Mysis-stage, 222
Mystacoceti, 523

Mytiltis edvdis, 314
Myxine, 383

„ gkitinosa, 383

Naidte, 174
Nails, 470
Nais, 174
Naja tripudians, 424
Narwhal, 525
Nasal, 362

„ gland, 443
Nasua, 516
Natantia, 222
Natatores, 456
Natica, 302
Native Cats, 497
Natural selection, 57
Nauplius, 192

eye, 190
Nautilus, 323
Naviculare, 479
Nearctic region, 74
Neb, 451
Nebalia, 207
Neck, 324
Necrophorus, 264
Nectocalyces, 108
Negro, 536
Nemathelniinthia, 83, 158
Nematoda, 158
Nematocyst, 100
Nemertinea, 153

Nemocera, 276
Neophron porcnopterus,461
Neotropical region, 74
Nepa, 160
NepheUs, 176
Nephridia, 167
Nephroharpages, 461

Nereidse, 173

Nereis, 173

Neritina, 302

Nerophis, 391

Nerve fibres, 13

„ ring, 102

Nervous system, 17

„ central, 17

„ peripheral, 17

„ sympathetic, 18

„ tissties, 7

Neural spine, 326
Neurilemma, 13

Neuroglia, 331

Neui-optera, 252, 260
Neui'opodium, 169

Newts, 404

„ Large Water, 404

„ Pahnated-smooth,
404

„ Small, 404
Nictitating membrane, 336
Nidamental glands, 321

Nightingale, 462
Nightjar, 464
Nine-eyes, 382
Niphargus puteanus, 219
Nits, 260
Noctuidae, 275
Nocturnal animals, 71

Non-ruminantia, 505
Notochord, 324
Notonecta, 160
Notopodium, 169
Notoryctes typhlops, 499
Nubian Wild Cat, 517
Nucifraga caryooatactes,

463
Nucleolus, 3, 85
Nucleus, 3, 85, 96

„ pulposus, 471
Nudiibranchiata, 303
Nimienitis arc^^ata, 460
Numida meleagris, 456
Nummulites, 89
Nutcracker, 463
Nuthatch, 464
Nutritive polyps, 104, 107
Nut Weevil, 244
Nyctale funerea, 461
Nyctea nivea, 461
Nyctharpages, 461
Nycticorax griseus, 459
Nymphon, 286

Occipital, 362

„ condyles, 394
OceUi, 187

Octactinia, 113
Octopoda, 323
Octopods, 323
Octopus vulgaris, 323
Ocular plates, 136
Odobajnus rosmarus, 519
Odontoblasts, 340
Odontoccti, 524
Odontoid, 409
Odontornithes, 453

(Esophagus, 23

ffistridse, 277
CEstrus, 277
Oil-beetle, 266

„ globiUes, 10, 85

Olecranon, 328

Olfactory lobes, 330

„ organs, 18

Omasum, 507
Omentum, 488
Oniscidae, 215
Oniscus, 215
Ontogeny, 40
Onychophora, 177
Ooecium, 180
Operculum, 179, 197. 204,

295, 373, 374
Ophidia, 422
Ophidiidoe, 389
Ophiura, 134
Ophiui-idse, 133
Opisthobranchiata, 301, 303
Opisthogljrpha, 424
Opisthotic, 362
Opossimis, 497
Optic chiasma, 332

„ lobes, 331

„ organs, 20

„ thalami, 331
Oral disc, 112

„ tentacles, 109
Orang-utang, 534
Orbit, 333
Orbitosphenoid, 362
Orca gladiator, 524
Order, 55
Organ-pipe coral, 114
Organs, 13

„ of Bojanus, 312
Oriental region, 74
Oriolxis galbula, 462
Ornithorynchus, 496
Orthagoriscu.s, 391
Orthoptera, 252
Orycteropus, 527
Oryctes, 244

„ nasicornis, 265
Oscines, 461
Osculum, 119
Os penis, 493
Ospliradia, 296
Osprey, 433, 460
Os sepiEB, 323
Ossicles, 129, 133
Ossifications, 325
Ostracion, 391
Ostracoda, 199
Ostrea edulis, 314
Ostrich, 453, 454
Otariidffi, 519
Otidas, 459
Otis tarda, 459

„ tetrax, 459
Otocoris alpestris, 464
Otocyon caffer, 516
Otocysts, 19
OtoUths, 20
Otters, 516
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Otus brachyotus, 461

„ vulgaris, 461
Outer germ layer, 43

„ root sheath, 467
Ovarioles, 242
Ovary, 34
Ovibos moschatus, 509
Oviduct, 33

Ovigerous laiiiellse, 206
Oviparous, 47
Ovipositor, 243, 269
Ovis, 509

„ ainiuon, 509

„ arios, 509

„ musimon, 509
Ovum, 5, 32, 34
Owls, 461

„ (a) Diurnal, 461

„ Great Eared, 461

„ Hawk, 461
Little, 461

„ Scops Eared, 461

„ Snowy, 461

„ (b) Nocturnal, 461

„ Barn, 461

„ Long-eared, 461

„ Short-eared, 461

„ Tawny, 461

„ Tengmalni's, 461
Oxyuris vermicularis, 160
Oyster, 314

„ catcher, 459

Paca, 531
Psedogenesis, 118
PaguiTis, 225

„ Berhardiis, 226
Palsearotic region, 74
Palsenion, 223
Palaeontology, 77
Palseotherium, 502
Palatal ridges, 487
Palate, 482

„ hard, 482

„ soft, 482
Palatine, 394
Palato-quadrate, 327
Palinurus, 225

„ vulgaris, 225
Palisade Worm, 160
Pallial chamber, 287

line, 308

„ muscle, 307
Palp, 169, 188
Paludina vivipara, 302
Pancreas, 342
Pandion haliactus, 460
Pangolin, 527
Panorpa, 262

„ communis, 262
Panther, 517
Paper-wasps, 271
Papillae circumvallatse, 487

„ filiformes, 487

„ f'oliatae, 487

„ fungifornies, 487
Paradise, dae, 463
Paraglossae, 233

Paramoecium, 94
Parasites, 24, 63
Parasitic Copepods, 201
Parasitism, 62
Parasphenoid, 363, 394
Parental instinct, 52
Paridce, 462
Parietal, 362
Parovarium, 351
Parrakeets, 465
Parrots, 446
Parrot-fish, 389
Parthenogenesis, 37
Partial segmentation, 45
Partridge, 455
Parus caudatus, 462

„ cceruleus, 462

„ major, 462
Pastor, 463
Patagium, 428
Patella, 302, 330
Pavmch, 507
Pavo cristatiis, 455
Pavonidae, 455
PaxiUae, 123
Peacock, 455
Pearl Mussel, 315
Pearls, 311
Peccaries, 506
Pecten, 314, 443
Pedal disc, 112

„ ganglia, 289

„ nerves, 289

„ orifice, 308
Pedes adliamantes, 452

„ ambulatorii, 452

„ cursorii, 452, 453

„ fissi, 452

„ fissipalmati, 457

„ g^adarii, 452

„ grallarii, 458

„ gressorii, 452, 465

„ insidentes, 452

„ palmati, 452, 456

„ raptorii, 460

„ scansorii, 452, 465

„ stegani, 457

„ vadantes, 452
Pedicellariae, 123, 132, 137
Pedicvilati, 391
Pedictdatidae, 160
Pediculus capitis, 260

„ vestimenti, 260
Pedipalpi, 279
Peduncle, 182, 188, 204
Peewit, 459
Pelagic faima, 61

Pelargi, 459
Pelecanus, 457
Pelican, 457
Pelican's foot, 302
Pelobates fuscus, 406
Pelobatidae, 406
Peltogaster paguri, 207

Pelvic girdle, 328
Pemphigus spirothecae, 258

Penaeus, 223

I

Penguins, 457

Penis, 34
Pennae, 431
Pennatula, 115
Pentacrinus, 130
Pentastoma, 285
Perameles, 498
Peramelina, 497
Perca fluviatilis, 389
Perceptive cells, 21
Perch, 389
Percidae, 389
Perdicidae, 455
Perdix cinerea, 455
Perforate Khizopoda, 88
Perennibranchiata, 405
Peribranchial cavity, 538
Pericardium, 187, 345
Perichondrium, 329
Perinoeal pouches, 469
Periosteimi, 329
Peripatus, 177
Periplaneta orientalis, 253
Perissodactyla, 502
Peristome, 136, 138
Peristomium, 169
Peritonevma, 342
Periwinkles, 302
Peropoda, 424
Peter's Thimib, 389
Petrel, Fulmar, 456

„ Stormy, 456
Petrels, 456
Petrifactions, 76
Petromyzon, 382

„ fluviatilis,382

„ marinus, 382

„ planeri, 382
Petrosal, 362
Phacochcerus, 506
Phalanges, 328
Phalangiidae, 282
Phalangista, 498
Phalangistidae, 498
Phalaropes, 460
Phalaropus, 460
Pharyngeal bones, 365

Phascolarctos, 498
Phascolomys, 499
Phasianidae, 455
Phasianus, 455

„ colchicus, 455

Phasianomorphae, 455
Phasmidae, 253
Pheasants, 455

I

Phoca, 519

I

„ foetida, 519

I „ gi-eenlandica, 519

„ vitulina, 519

Phoceena communis, 524

Phocidce, 519
PhcEnicopterus, 458

Pholas, 315
Phosphorescent organs, 28,

211
Phryganea, 262

Phthirius pubis, 266

Phyllium siccifoUum, 254

Phyllopoda. 193
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Phyllosoma, 225
Phylloxera vastatrix, 257
Phylvuii, 55
Physalia, 108
Physetes macrocephalus,

524
Physiology, 58
Physophora, 108
Physostomi, 387
Phytoptiis, 285
Pia mater, 331
Pica caudata, 463
Picidse, 465
Picus martins, 465

„ viridis, 466
Piddock, 315
Pieris brassicse, 275
Pig, 505
Pigeons, 465
Pigment, 31

„ granules, 10, 85

Pigmy male, 201, 205
Pika, 529
Pike, 387
Pilot Whale, 524
Pineal eye, 337

„ gland, 331
Pine Grosbeak, 463

„ Lappet, 275

„ Marten, 516
Pinicola enncleator, 463
Pinna, 481
Pinnipedia, 517
Pinniiies, 128
Piophila casei, 277
Pipa, 398, 402

„ americana, 407
Pipistrelle, 501
Pipit, 462
Pisces, 356
Piscicola, 177
Pisiform, 414
Pithecus satyras, 534
Pituitary body, 331
Placenta, 354

„ foetahs, 354

„ iiterina, 354
Placophora, 290
Plaice, 389
Planaria, 145
Planorbis, 300
Platalea leucorodia, 459
Platanista gangetica, 525
Platyhelminthia, 83, 142
PlatyiThince, 533
Plectognathi, 391
Plesiosaiirians, 428
Pleura, 198
Pleural ganglia, 289
Pleuronectes flesus, 389

„ limanda, 389

„ platessa, 389
Pleuronectidse, 389
Plictolophinse, 465
Plovers, 459

„ Golden, 459
Plumffi, 433
Pneumatic duct, 375

Pneumatocyst, 107

Podiceps, 457

„ atiritus, 457

„ grisegena, 457

„ minor, 457
Podura, 256
Poison-claws, 229

„ glands, 392, 424

„ teeth, 423
Polar Bear, 516

„ Fox, 515

„ Hare, 529

„ Whale, 523
Polecat, 516
Polian vesicle, 124
PoUex, 478
PoUicipes, 206
Polyactinia, 115
Polychseta, 172
Polymorphism, 54
Polynoe, 173
Polynoidffi, 173
Polyp, 98
Polypoid generation, 102

Polyprotodontia, 497
Polypterus, 374, 385
Polystomese, 146
Polystomum intergerri-

miua, 146
Polyzoa, 83, 178
PompilidaB, 270
Pond-snail, 306
Pontobdella mixricata, 177
Pope, 389
Porcupines, 530
Porcixs babyrusa, 506
Pores, 119
Pore plates, 134
Porifera, 118
Porpita, 108
Porpoise, 524
Portal vein, 346
Porus genitalis, 378
Post coracoid, 413

„ frontal, 362
Pouched Marmot, 529
Powder-down, 434
Prsecoces, 450
Prawns, 222
Prawn-stage, 222
Praying Mantis, 253
Preanal pores, 408
Precious Coral, 115
Precoracoid, 413
Prefrontal, 362
Prehensile organs, 63
Premaxilla, 410
Premolars, 483
Primates, 532
Printer, 267
Pristis, 384
Proboscidea, 510
Proboscis, 153, 201, 234, 256
Proboscis-sheath, 153
Procellaria pelagica, 456
Processus falciformis, 370

„ imcinatixs, 410,
437

Processus, vermiformi8,488

„ xiplioides, 473
Proctodseum, 23

Procyon, 516
Procyonidae, 516
Proechidna, 496
Proglottides, 149
Prolegs, 250
Pronephros, 350
Prongbuck, 509
Prong-horned Antelope,

509
Prootic, 362
Proscolex, 150
Prosencephalon, 330
Prosimiee, 531
Prosobranchiata, 301, 302
Prostate glands, 493
Prostomium, 169
Protective adaptations, ^0
Proteles, 517
Proteroglypha, 424
Proteus, 399, 403

„ anguineus, 404
Prothorax, 235
Protoplasm, 3, 85
Protopterus annectens, 387
Protozoa, 3, 83, 85
Provisional larval organs,

51
Proximal, 42
Psalteriiun, 507
Pseudis paradoxa, 403
Pseudo-caterpillars, 250

„ -navicellse, 96

„ -pupa, 251
Pseudopodia, 3, 25, 85, 87,

90
Pseudo-scorpions, 282
Psittacidse, 466
Psittacinse, 465
Psocus, 255
Psolus, 141
Psorospora gigantea, 96
Ptarmigan, 455
Pterodactyles, 428
Pterodactylus, 428
Pteromys, 529

„ volans, 529
Pteropoda, 304
Pteropus, 501
Pterosauria, 428
Pterota, 305
Pterygoid, 394
Pterylse, 434
Pubis, 328
Puffin, 457
Pulex irritans, 278
Puhnonary syphon, 297
Puhnonata, 301, 305
Pulp, 339
Puma, 517
Punger, 227
Pupa, 249
Pupil, 333
Purple, 295
Pyche, 274

„ helix, 245
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PycnogonidjB, 286
Pycnogoniiin, 286
Pygopodes, 457
Pyrosoma, 540
Pyrrhula, 463
Python, 424

Quadrate, 394
Quadrato-jugal, 394
Quail, 455
Qxieen-bee, 271

Babbit, 529
Racoons, 516
Eadial canal, 102, 109
Eadiale, 328
Radial symmetry, 41, 99,

122
Radiata, 122
Radii, 122
Radiolaria, 89
Radius, 329
Radula, 287

„ sac, 288
Rails, 459

„ Land, 459

„ Water, 459
Rainey's corpuscles, 97
Raia, 368
Eaiidse, 383
Ramphorhynclius, 428
Rana, 406

„ esculenta, 406

„ temporaria^ 406
Rapaces, 460
Rallidffi, 459
Rallus aquations, 459
Rasores, 455
Ratitse, 453
Rats, 530
Rattle-snake, 425
Raven, 463
Rays, 4D
Razor-bill, 457
Receptacula seminis, 34,

242
Rectrices, 432
Recurvirostra avocetta,460
Red bodies, 375
Redbreast, 462
Red corpuscles, 25
Red Deer, 508
Bed Forest Ant, 270
Redia, 147
Redpole, Lesser, 463
Redshank, 460
Redstart, 462
Reed, 507
Regeneration, 32
Regular Sea-urchins, 138
Regulus, 462
Reindeer, 509
Remiges, 432
Replacement of teeth, 482
Reproduction, 31, 86
Reproductive organs, 31
Reptantia, 223
Reptilia, 407

Resonators, 399
Respiration, 26
Respiratory organs, 27

syphon, 309

„ trees, 125, 140
Rete malpighii, 325

„ mirabile, 346
Retina, 21
Retinacidum, 272
Retinal cells, 21
Rhabdoccela, 144
Rhaniphastidoe, 465
Rhamphostoma, 426
Rhinoceros, 503

„ bicornis, 503

„ sinius, 503

„ tichorinus, 503

„ unicornis, 503
Birds, 465

Rhinolophus, 501

„ ferrum-equi-
num, 501

„ liipposiderus,

501
Rhizocephala, 206
Rhizocrinus lofotensis, 130
Rhizopoda, 87
Rhodeus amarus, 388
Rhombiis lavis, 389

„ maximus, 389
Rhopalocera, 275
Rhynchobdellidse, 177
Rhyncoccela, 153
Rhyncota, 252, 256
Rhytina, 513

„ stelleri, 513
Ribs, 118, 326
Ring canal, 124
Ringed Seal, 519
Ring Ouzel, 462
River Pearl-mussel, 315

„ Mussel, 315

„ Snail, 302
Roach, 388
Rodentia, 527
Rodents, 527
Roe, 508
Roller, 464
Rook, 463
Rorqual, 523
Rosechafers, 265
Rostrum, 223
Rotatory organ, 156
Rotifera, 83, 156
Rudimentary organs, 40
Ruff, 460
Rimien, 507
Ruminantia, 506
Russian Desman, 500
Rustic, 275
Ruticilla, 462

Sable, 516
Sabre-toothed Cats, 517

Saccobranchiis, 375
Sacculina carcini, 207

Sacculus, 338
Sacral vertebrae, 326

Salamander, 402
„ Black Alpine,

404
„ Giant, 405

„ maculosa, 404
Salanganes, 464
Salinity, 60, 67
Salivary glands, 24, 341
Salmon, 387

fario, 387

„ salar, 387
trutta, 387

Salmon-trout, 387
Salpa, 546
Salvelinus, 387
Sand-eels, 389
Sand-fly, 276
Sand-pipers, 460
Sand-wasps, 270
Sapajou, 533
Saproharpages, 461
Sarcocystis, 97
Sarcodjna, 87
Sarcolemma, 12
Sarcophaga camaria, 277
Sarcopsylla penetrans, 278
Sarcoptes scabieia, 285
Sarcoptidse, 285
Sarcorhamphus gryphus,

461

„ papa, 461
Sardine, 387
Saiu'urae, 452
Saw-fish, 384

„ -flies, 269
Saxicola, 462
Scale-insects, 258
Scales, ctenoid, 356

„ cycloid, 357

„ placoid, 357

„ reptilian, 408
Scallops, 314
ScalpeUuni, 206
Scaly Ant-eater, 527
Scansores, 465
Scaphoid, 478
Scaphopoda, 291
Scapula, 327
Scarabaeida3, 265
Scarus, 389
Scincoidei, 422
Sciiu-idse, 529
Sciui'us vulgaris, 529

Sclerotic coat, 333
Scolex, 149
Scolopax gaUinago, 459

„ gallinvda, 459

„ major, 459

„ rusticola, 459
Seolopendi'as, 229
Scomberesocidse, 385

ScomberidsB, 390
Scomber scomber, 390
Scorpion-flies, 262
Scoi-pionidiE, 211

Scorpions, 281

Scrotum, 492
Scuta, 204
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Scutellxun, 259
Scyllarus, 225
Scyllium canictila, 383

Soynmiis borealis, 383

Scyphomedusa.', 109
Sea-acorns, 206

„ Anemones, 118

„ Adder, 391

„ Angel, 384

„ Bear, 519

„ Clerk, 323

„ Cows, 512

„ Cucumbers, 138

„ Elephants, 526

„ Feathers, 115

„ GuUs, 443

„ Hare, 303, 390

„ Hedgehog, 391

„ Hog, 524

„ Horse, 391

„ Lilies, 127

„ Lion, 519

„ Mouse, 173

„ Otter, 515

„ Palms, 130

„ Roses, 118

„ Scorpion, 390

„ Squirts, 537

„ Stickle, 377, 390

„ Urchins, 134
Seasonal dimorphism, 38
Sebaceous glands, 468
Secondary sexual charac-

ters, 35

Secretary, 460
Sectorial tooth, .514

Segmentation, 156

„ cavity, 43
Segments, 41, 184
Selaehe maxima, 383
Selachii, 383
Self fertilisation, 36
Semicircular canals, 338
Seminal duct, 34
Seminal tubes, 243
Semnopithecidse, 534
Semnopithecus nasicus,
534

Sense of equilibrium, 20
Sense organs, 18
Sensory cells, 13
Sepia officinalis, 323
Serous membrane, 354
Serpula, 173
Serpulidaj, 173
Sesamoid bones, 380
Sesia, 274
Sessile forms, 65, 66

„ medusa, 106
Seta, 185
Seventeen-years Cicada,
257

Sexual reproduction, 31
Shad, 387
Shark, 328
Sharks, 383

Blue, 383

„ Greenland, 383

Sharks, Giant, 383

„ Hammer-headed,
383

Sheat-fish, 388

Sheath of Schwann, 13

Sheep, 509

Sheep Bot-fly, 277

„ Tick, 278
Shell, 92, 182, 287
Shellac-insect, 259
SheU-gland, 143, 192

Sliield-ui-cliins, 138

Ship-worm, 315

Shore-crab, 227
Shoulder-blade, 327

girdle, 327
Shrew, 499
Shrikes, 462

„ Great Grey, 462
Sibbald's Fin-whale, 523

Siberian svib-region, 74
Siliceous fibres, 120

Silk glands, 248

„ -worm Moth, 245, 274
SUpha, 264
SilphidfB, 264
Siluridse, 388
Silui'us glanis, 388
Simla Gorilla, 535

„ Troglodytes, 535
Simulia, 276

„ columbaczensis,
276

Sinupalliate, 310
Sinus venosus, 344
Siphon, 137
Siphonophora, 107
Siphonozooids, 114
Siphuncle, 317
Siredon mexicanus, 403,
404

Sirenia, 512
Siren lacertina, 405
Sirex, 269
Siskin, 463
Sitta ceesia, 464
Sittacinse, 465
Skates, 383
Skeletal tissues, 7, 9
Skeleton, 4, 15, 85
Skeleton Shrimp, 219
Skin, 14
Skin glands, 237
Skinks, 422
Skip-jacks, 265
SkuU, 327
Skunks, 516
Sleep, 69
Sloth Bear, 516
Sloths, 525
Slough, 407
Small Bats, 501
SmaU TortoisesheU, 275
Sminthus betulinus or

vagus, 530
Snakes, 422

„ JilscTalapius, 424

„ Giant, 424

Snakes, Einged, 424

„ Sea, 424
Whip, 424

Snipe, Common, 459

„ Great, 459

„ Jack, 459
Snipes, 459
Solaster, 133
Soldiers, 254, 270
Sole, 389

„ (of foot), 469
Solea vulgaris, 389
Solenoglypha, 425
SoUtary Bees, 272

„ Corals, 117
Somateria mollissima, 458'

Sorex, 499

„ pygmsevis, 500

„ vulgaris, 500
Sound-producingorgans,30
Spalax typhlus, 530
Spanish-fiy, 266
Sparrow, 463

„ House, 463
Tree, 463

Spatangidse, 138
Spatangus, 138
Spatularia, 385
Species, 53
Spermatophore, 34
Spermatozoon, 32, 33
Spermophilus oitilltis, 529
Sperm Whale, 524
Sphenoid, 362
Sphenethmoid, 394
Spheridia, 138
Sphingidse, 275
Sphyrna, 383
Spicula, 159
Spider Monkey, 533
Spiders, 283
Spinachia vulgaris, 390
Spinal cord, 324, 330, 331,
Spines, 123, 137
Spinnerettes, 283
Spinning glands, 279
Spiny Ant-eater, 496

„ Dog-fish, 383
Spiracle, 373
Spiral valve of intestine,

371
Spleen, 348
Sponges, 83, 118
Spongiae, 118
Spongilla fiuviatilis, 121
Spontaneous movement, 3
Spoon-billed Stui-geon, 385
Spores, 96
Sporocyst, 147
Sprat, 387
Spring-flies, 262
Spur-, 235, 435
Squalidffi, 383
Squamipennes, 390
Squamosal, 362
Squatina, 384
Squilla mantis, 227
Sqvurrel, 529
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Squirrel-tiuled Dormouse,
530

Stag, 508
Stag-beetle, 265
Stages of life, 68
Stapes, 481
StaphylinidfE, 264
Staphylinus, 264
Starfish, 131
Starlings, 463
Stationary parasites, 61
Statoblast, 180
Steganopodes, 457
Stegocephala, 405
Steinbock, 509
Steller's Cow, 513
Stenops, 532
Stensen's diict, 333
Sterlet, 385
Sterna, 456

„ hirixndo, 456

„ niiniita, 456
Stermim, 326
Stick-insects, 253
Stickleback, Ten-spined,

390

„ Three-spined,
390

Sticklebacks, 379, 390
Stigmata, 240
Sting, 243, 269
Stink-glands, 237
Stipes, 233
Stock, 32
Stolon, 103
Stomach, 23
Stomapoda, 210, 227
Stomodsemn, 23
Stone canal, 124
Stork, Black, 459

„ White, 459
Storks, 459
Strap-worm, 151
Stratxmi corneiun, 325, 466

Malpighii, 466

„ miicosiim, 325, 466
Strepsilas intei-pres, 459
Strepsiptera, 262
Striges noctiimse, 461
Stringopinse, 465
Stringops habroptilns, 465
Strix flammea, 461
Strongylidse, 160
Strongylus, 160
Struthionidse, 454
Sturgeons, 363, 374, 385
Stitmus vulgaris, 463
Stylets, 201
Stylommatophora, 306
Stylonychia, 94
Stylops, 262
Subcortical crypts, 120
Subimago, 247
Sublingua, 487
Sub-regions, 74
Subungulata, 521
Succinea amphibia, 148

Suckers, 14

Sixcking-fish, 390
Sudoriparous glands, 468
SuidtE, 505
Sula bassana, 457
Sulci, 480
Summer sleep, 69
Sim-fish, 391
Supporting cells, 21
Siiprabranchial cavities,

307
Supraoccipital, 362
Suprarenal body, 350
Suprascapula, 413
Sui'nia nisoria, 461
Sus, 505

„ scrofa, 505
Swallows, 463
Swan, Black, 458

„ Mute, 458
„ Wild or Whistling,

458
Swans, 458
Swarm-spores, 90
Swift, Alpine, 464

„ Common, 464
Swifts, 464
Swim-bladder, 344
Swimmerets, 209
Swimming bells, 108
Sword Pish, 390
Sylvia, 462
Sylviadse, 462
Symbiosis, 91
Sympathetic nei*vous

system, 332
Synapta, 141

SynapticiUa, 116
Syngnathidae, 391
Synovial cavities, 40
Syrinx, 446, 447
Syi-niiun aluco, 461
Syrrhaptes paradoxus, 455

Tabanidse, 276
Tachina, 277
Tachypetes aquila, 457
Taenia, 151

„ coenurus, 151

„ cucumerina, 151

„ echinococcus, 151

„ mediocanellata, 151

„ saginata, 151

Tail, 41, 324

„ diphycereal, 360

„ heterocercal, 360

„ homocercal, 361

Talegallas, 456
Talpa, 499

„ europsea, 449
Tanaidse, 216
Tapetimi, 481

„ hicidiim, 370

„ nigriim, 333
Tapewonus, 149
Tapir, 502
Tapirus, 502
Tardigrada, 286
Tarsals, 328

! Tarsier, 532
Tarsipes, 498
Tarsus, 235, 328
Tarsius spectrum, 532
Tasmanian Wolf, 497
Taste-buds, 19
Teeth, 23, 338
Tegenaria domestica, 283
Teleosaurus, 427
Teleostei, 387
Telephonas, 266
Temporal, 476

I
Temperatui-e, (iO

j

Temporary conjugation, 92
„ parasites, 62

Tench, 388
Tendons, 185, 330
Tenebrio molitor, 266
Tentacles, 103, 111, 140, 178,

292, 316
Tentacle-sheath, 316
Tentacular arms, 316

„ ciiTus, 169
Tentaciilocyst, 111
Tenthi-edinidae, 269
Terebratula, 183
Teredo navalis, 315
Terga, 204
Tergum, 198
Termes, 254
Termites, 254
Tern, Common, 456

„ Lesser, 456
Terns, 456
Tei-restrial, 58
Testis, 34
Testudinata, 425
Testudinidse, 426
Testudo gi-seca, 426
Tetrabranehiata, 322
Tetraonomorphse, 455
Tetrao tetrix, 455

„ ui-ogallus, 455
Thalamencephalon, 330
Theca, 115
Thecosomata, 304
Theory of Descent, 56
Thigh bone, 328
Thoracic segments, 188

„ vertebrae, 326
Thorax, 190
Thorn-headed Worm,

163
Thi-ead-worms, 158, 162

Thrush, 462
Thunderbolts, 323
Thylacinus, 497
Thymus. 341
Thynnus vulgaris, 390
Thyroid gland, 341, 488
Thysanopus, 211
Thysanura, 250
Tibia, 235, 328
Tibiale, 328
Tichodroma muraria, 464

Ticks, 284
Tiger, 517
Tiger-beetles, 264
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Tinamou, 454
Tinea vulgaris, 388
Tinea pellionella, 273

„ tapezella, 273
Tineidse, 273
Tintinnus, 94
Tipula, 276
Tissues, 7

„ epithelial, 7

„ muscular, 7

„ nervous, 7

„ skeletal, 7
Tit, Blue, 462

„ Great, 462

„ Long-tailed, 462
Tits, 462
Toad, 406, 407

„ Common, 406

„ Natterjack, 407

„ Orange-speckled, 406

„ Siirinam, 406
Tomicidffi, 267
Tomicus typographus, 267
Tongue, 287, 341
Tonsil, 487
Toothed Whales, 524
Torpedo, 368, 384
Tortoises, 426

„ Grecian, 426
Tortricidse, 274
Tortrix buoliana, 274

„ pomonana, 274
Totanus, 460
Toucans, 465
Toxopneustes, 138
Trachea, 417
Tracheae, 240
Tracheal bladder, 238

giUs, 241

„ system, 228
Trachinus draco, 389
Tragulidse, 509
Transverse bone, 412
Trapezium, 478
Trematoda, 143, 145
Trichechus rosmarus, 519
Trichina spiralis, 162
Trichodectes, 256

„ canis,153,256
Trichoglossinse, 465
Trigla gurnardus, 390
Trigonocephalus, 425
Trilobita, 198
Trilobites, 198
Tringa, 460
Trionyx, 426
Tristomum, 146
Triton, 403, 404

„ cristatus, 404

„ helveticus, 404
„ tseniatus, 404

Trochanter, 235

„ tertius, 502
Trochilidffi, 464
Troctes, 255
Troglodytes gorilla, 535

„ niger, 535

„ parvulus, 462

Trombidiidce, 284
Tropidonotus natrix, 424
Trout, 387
True Seals, 519

„ Wasps, 271
Trunk, 324

„ -fish, 391
Tube-feet, 122
Tuber calcis, 414
Tuberculum, 472
Tubifex rivvilorum, 174
Tvibipora, 114
Tunica argentea, 370
Tunicata, 84, 537
Tunny, 390
Turbellaria, 143
Tiu:-binals, 333
Turbot, 389
Turdidas, 462
Turdiformes, 462
Turdus merula, 462

„ mvisicus, 462

„ torquatus, 462
Turkey, 455
Turnstone, 459
Tui-tles, 426
Tui'tur auritus, 465

„ risoriiis, 465
Two-toed Anteater, 526
Tylenchus tritici, 163
Tympanic cavity, 397

„ membrane, 447
Tympanic membrane, in-

ternal, 447
Tympanic membrane, ex-

ternal, 444
Tympanum, 238, 397
Tyroglyphus, 284

Ulna, 328
Ulnare, 328
Umbilical cord, 494

tube, 294
Umbilicus, 294
Umbo, 309
Umbrella, 102
Unciform, 478
Undulating membrane, 92
Ungulata, 501
Unio, 315
Upupa epops, 464
Urea, 30, 31
Ure ox, 510
Uric acid, 4, 30
Urinary bladder, 31

„ organs, 30
Urine, 31
Uroceridse, 269
Urodela, 404
Uropygial glands, 435
Ursidsc, 516
Ursus americanus, 516

„ arctos, 516

„ cinereus, 516

„ labiatus, 516

„ maritimus, 516

„ spelasus, 516
Uterus, 490

Uterus, bicomis, 490
duplex, 490

„ masculinus, 493

„ simplex, 490
Utriculus, 338

Vacuole, 4, 85, 92
Vagina, 242, 490
Valves, 26
Vampire, 501
Vanellu.s cristatus, 459
Vanessa urticse, 275
Varanids, 422
Varanus, 422
Variable Hare, 529
Varieties, 54
Vascular system, 25
Vascular system in con--

nection with respiratory
apparatus, 28

Vas deferens, 34
Vegetable Kingdom, 80
Veins, 26
VeleUa, 109
Velum, 105, 107, 290
Velvet, 471
Venus's Flower-basket, 121

Girdle, 118
Venous blood, 28

„ heart, 29
Ventral, 41
Ventricle, 26
Vertebra, 326
Vertebrata, 84, 324
Vesicantia, 266
Vesicles (tracheal), 240
Vesicula seminalis, 244,.

493
Vespa, 271
Vespariae, 271
VespertUio, 501

„ Daubentoni,
501

Vesperugo, 501

„ pipistreUus,501
Vestibule, 491
Vibracula, 181
Vibrissse, 467
Vim, 342
Vinegar-worm, 163
Vine-louse, 257
Vioa, 121
Vipera, 425

„ ammodytes, 425-

„ berus, 425
Viper, Common, 425

„ Pit, 425
Vipers, 425
Viscera, 39
Visceral arches, 327

„ ganglia, 289

„ hump, 292
loop, 289

ViteUarium, 143
Vitelline membrane, 32.

Vitreous body, 21

„ humom-, 333

„ Sponges, 121



558 Index.

Viverra, 517

„ genetta, 517
ViverridEe, 517
Viviparous, 4,7, 126
Vocal cords, 30, 417
Vomer, 362
Vorticella, 94
Vultur fulvixs, 461
VultiU'C, Alpine, 461

„ Bearded, 461

„ Carrion, 461
King, 46]

White-headed,461

Wagtails, 462
Wall-US, 519
Wapiti, 509
Warblers, 462

Eeed, 462
Sedge, 462
WiUow, 462

Warm-blooded animals, 30
Wart-hog, 506
Washing Racoon, 516
Water Boatman, 160

„ Bugs, 260

„ ceUs, 508

„ Flea, 196

„ Fowls, 459

„ Mites, 284

„ Rat, 530

Water Scorpion, 260
„ Shrew, 500

„ Spider, 283

„ vascular system, 124
Wax glands, 237
Weazel, 516
Weevils, 267
Whale-bone, 522

„ Whales, 523
Wheatear, 462
Wheel Animalcules, 156
Whelk, 302
Whirligigs, 264
White Ants, 254

„ Spoonbill, 459
Widgeon, 458
Wild Cat, 517

„ Hog, 506
Wing, 235

„ cases, 236
Winter sleep, 69
Wire-worms, 266
Wolf, 515
Wolffian ducts, 349
Wolf-fish, 390
Wombats, 499
Wood-borers, 274
Woodcock, 459
Wood Mouse, 530

„ -peckers, 465

„ Wasps, 269

Woolly Rhinoceros, 503
Workers, 254, 270
Wrass, 389
Wrens, 462
Wrist, 328
Wryneck, 466

Xenos, 262
Xiphias gladius, 390
Xiphistemum, 473
Xiphosura, 196
Xylotropa, 274

YeUow cells, 90

„ hammer, 463
Yolk gland, 143

„ granules, 32

„ sac, 49

Zebra, 503
Zoantharia, 115
Zosea, 221
Zoarces, 390

„ vivipara, 390
Zoogeographical regions,

74
Zooid, 178
Zygantrum, 409
Zygapophysis, 409
Zygosphene, 409
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